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Foreword by Lawrence R. Klein

The growth of econometric model building is known and used for understanding
what has been taken throughout the academic and business activities the worldover.
Many of the earliest studies grew as the subject of economics developed at academic
centres and have become established in many countries; the earliest activities are
now to be taken for granted and are still expanding.

In the remarkable expansion of the underlying subject is now covered over the
world every day, in small investigations and have grown to many of the largest
investigations of the meaning of economics, and the whole economic profession is
thankful that Professor Władysław Welfe of University of Łódź, Poland has served
the world’s Academy with the beautiful subject for all readers of this book to digest.

Lawrence R. Klein
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Foreword by Carlo D’Adda

My knowledge of Władysław Welfe goes back many years and is indirectly con-
nected with our participation in the Project Link, an ambitious enterprise started at
the beginning of the Nineteen Seventies and aiming at constructing a network of
national econometric models, with the ultimate purpose to permit the simulation
of the whole world economy. The project was guided by Lawrence Klein. When
he was awarded the Nobel prize the Project Link was explicitly mentioned. I re-
member that Władysław Welfe joined a yearly meeting of Project Link organized
in Perugia (Italy) and hosted by the Bank of Italy to give the participants, coming
from many countries, the chance to exchange their results and the occasion to dis-
cuss problems of mutual interest. Professor Welfe was already a recognized master
in his discipline, but coming from Poland in the days of Solidarnosc he was also the
bearer of fresh news from the Eastern Europe that everybody was eager to know.
There was much attention around him. Scientifically many of the participants had
the opportunity of realizing that econometrics was not only interesting for the west-
ern researchers, but for their eastern colleagues as well. Some piece of the wall was
already falling.

In the course of time Władysław told me much of his life. He spoke to me about
the years spent in the obstinate and unsuccessful search for some news about the
end of his father (a medical officer of the Polish military) during the second World
War. At the same time he was pushed by the purpose of learning statistical methods
and techniques applied to economic problems. Later on, when it became possible,
Władysław went to the UK and became familiar with econometric research as it was
practiced and thought in the western countries. In Oxford he came in touch with
Lawrence Klein starting a dialogue and a friendship that are still going on. During
his professional career Władysław has had the opportunity, and also the pleasure,
of visiting centres for economic and econometric research in many countries of the
world. Notably he played a relevant role in promoting the progress of his discipline
in several East European countries, including Czech, the Slovak Republic and Bul-
garia. In Europe his Institute of Econometrics and Statistics in Łódź has become a
well known scientific centre to which many researchers look with interest. Awarding
him the title of Dr.hc. the University of Łódź wanted to recognize his merits.

ix



x Foreword by Carlo D’Adda

Introducing the present book, Macroeconometric Models, is an unexpected hon-
our for me and also an intellectual task that would require an experience comparable
to the one of the Author. This fruit of Władysław Welfe’s last labour is a monumen-
tal work in the sense that he reviews, classifies and analyses an incredible number
of contributions and publications. The reader of this book who is not an economist
specialized in the field of macromodels may even not imagine that there are coun-
tries, in particular industrial countries, for which dozens and or hundreds of models
of the national economy have been constructed over the years.

The prerequisite to build an econometric model of the whole national economy
is the availability of adequate statistics. It must be born in mind that the existence of
a sophisticated system of national economic statistics such as the one to which we
are now used is the result of relatively recent efforts. When Keynes’s General The-
ory of Employment Interest and Money was firstly published (1936) a satisfactory
statistical data basis wasn’t available and the model that appeared so appealing to
understand the possibility for an economic system to be the prisoner of a depression
was not susceptible of statistical estimation and test. Yet that very situation signalled
the existence of a gap between demand for and supply of statistical macrodata. Over
about a quarter of a century that gap was filled and since then much further progress
has been done in the area of data collection.

But data were not the only problem. Almost in coincidence with the appearance
of the Keynesian ideas the problem of an appropriate scientific methodology to test
of economic theories (in analogy to what was happening since a century in the field
of hard sciences) started to be needed. In 1933 a group of distinguished economists
including R. Frish, J.A. Schumpeter and Keynes himself founded the Econometric
Society “for the advancement of economic theory in its relation to statistics and
mathematics”. Econometrics, a new discipline with scientific location between eco-
nomics and statistics, had come into existence.

A question comes natural at this point: do econometric models, in particular
macro models, help discriminating among economic theories enabling us to sep-
arate false from true theories? The question is by far more complicated than a naïf
reader of Welfe’s book may imagine. As a matter of fact the Author of this book
is careful in distinguishing the parenthood of the models he reviews and classifies
but doesn’t want to enter the philosophical problem of false and true theories. In the
field of social sciences theories are always partial representations of reality and it
happens that “if you make assumptions enough” most theories have a right to exist.

Along the way that has led to the biggest and more sophisticated models of either
the national economies or of the whole world economy (often including hundreds of
equations) and after the pioneering contributions of the fathers of modern economet-
rics, T. Haavelmo and J. Tinbergen, a fundamental step ahead is represented by the
well-known Klein-Goldberger 1955 model (An Econometric Model of the United
States 1929–1952). A phase of assimilation was necessary but after that, especially
since the end of the Nineteen Sixties, the Klein-Goldberger model was recognized
as the vanguard of a blooming of national and international macro models. Nonethe-
less it would be a mistake thinking that this fortunate research stream has developed
without theoretical doubts and contradictions. The most relevant theoretical disputes



Foreword by Carlo D’Adda xi

in economics of the last decades of the nineteenth century, such as the monetary
controversy (Friedman versus Keynesian school), as well as the upsurge of the sup-
ply side versus demand theories, let a clear imprinting on the stream of economet-
ric macro models that progressively came to existence. But even more dangerously
some theoretical attacks seemed so radical at their onset to possibly compromise the
future of macro models. I am thinking of the Lucas critique (1976) focused on the
connection between expectations and the set of possible economic policy rules, with
the consequence to make prediction theoretically impossible. Have applied econo-
metricians proceeded with their large scale models remaining dumb to the Lucas’
critique? This may sometimes have been the impression, but it is not necessarily so.
Practitioners like to say that the use of their large scale models is an “art” meaning
that the way a model is run may allow for corrections to merely mechanical results.
In their view (in the wait of the necessary theoretical improvements) intuition may
to some extent remedy the shortcomings of the existing models. Think for example
of the practice of presenting scenarios to which subjective probabilities may be at-
tached. Twenty years after the Lucas’ critique (1996) C. Sims, even if raising new
doubts about the traditional (probabilistic) approach to identification, has consid-
erably downsized the weight of the Lucas’ critique. So large scale macro models
survive and seem to enjoy still a prosperous season.

The reader of this book must be warned that in spite of the great number of con-
tributions taken into account by the Author, he has been forced to do some choices
as regards the macro models to consider with major emphasis. His choice has been
an interesting one: priority goes to models constructed by institutions rather than
by individual researchers. I think that this is a good decision because institutions
build their models pushed by the need to solve their problems, such as analysing the
likely effects of alternative policy decisions or advising governments about the size
required by policy actions to be implemented. This is an important perspective from
where to look at macro models: they serve decision making.

Carlo D’Adda
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Chapter 1
Introduction

The modelling of national economies has a long-standing and remarkable tradition.
Filling the gap between macroeconomic theory and empirical descriptions of the
functioning and growth of national economies, it has become the primary tool in
the empirical testing of macroeconomic postulates that has allowed researchers to
expand their knowledge of economic mechanisms, their stability and universality.
Econometric modelling is based on systems of equations whose parameters are typ-
ically estimated using time series. As well as becoming the major instrument used
for economic forecasting and policy analyses, thus generated models have provided
public institutions, banks and large corporations with a decision-making basis.

The long history of macroeconometric model building can be split into several
subperiods, depending on the changing goals, macroeconomic concepts, econo-
metric and statistical methodologies and institutional conditions. The first attempt
at describing the initial efforts of model builders can be found in the paper by
Nerlove (1966). An excellent description of the first fifty years of model devel-
opment can be found in the monograph “A History of Macroeconometric Model-
Building” edited by Klein and his collaborators Bodkin and Marwah (1991). This
publication may be regarded as a convincing proof that during that period macroe-
conometric modelling became an independent discipline among economic sciences,
closely related to macroeconomics. The next major publication on the subject was
the monograph “A Course in Macroeconomic Modelling and Forecasting” by Whit-
ley (1994), which mainly laid emphasis on specification issues concerning macro-
models’ equations. Several monographs presented the surveys of the development of
macroeconometric models for particular regions, e.g. Scandinavia. The catalogues
of macromodels were collected and shown in the books by Uebe and Fischer (1992)
and Uebe (1995). As regards the monographs on macromodelling methodology, two
volumes of “Macroeconometric Modelling” edited by Wallis (1994) must be men-
tioned.

The description of the last nearly three decades of macroeconometric modelling
as provided in this book has been mostly based on the papers and reports from
modelling institutions. An invaluable source of information has been the journal
“Economic Modelling” and its library of models. Being aware that this description

W. Welfe, Macroeconometric Models,
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frequently misses certain pieces of information, the author believes that incomplete
information is better than none.

This part has been structured following the concept of the “A History. . .” editors.
The history of macroeconometric modelling in particular countries will be described
starting with the USA, then the European and other countries’ achievements will be
discussed, and finally the multicountry models will be presented. The emphasis will
be laid on economic justifications underlying models’ structures, equation specifica-
tions and their changes. The evolution of the associated econometric methodology
will only be mentioned.

It is evident that trying to describe all macroeconometric models that have been
built so far in particular countries would be futile. For instance, before 1989 more
than 200 models were built for Western Germany (Heilemann and Wolters 1997),
and Beltran del Rio (cf. Bodkin et al. 1991) made a list of 182 models built for Latin
America between 1965 and 1985. This abundance made us select macromodels for
presentation in this book. The key criterion for accepting a model was whether its
history of continuous utilization was sufficiently long and whether it had a serious
impact on the model building activities.

The way selected to characterise macroeconometric modelling activities that
were developed in particular countries has an obvious disadvantage—it makes dif-
ficult for the reader to grasp the main macroeconometric modelling tendencies and
their international propagation. Hence, a summary of these trends will be provided
below.

The first models of the US economy were constructed by J. Tinbergen, and after
World War II more models were built and inspired by L.R. Klein. The models were
initially annual and drew on the Klein-Goldberger model (1955), but the quarterly
forecasting models were to follow soon: the most elaborated of them was the Brook-
ings model (Duessenberry et al. 1965). Because all the models were used in regular
forecasting and policy simulations, the number of their equations increased to sev-
eral hundreds. The subsequent disaggregation of activities most frequently linked
the models to the input-output submodels.

These initially demand-oriented models remained neo-Keynesian over time.
Only the production functions retained the neoclassical origin, but their main use
was to generate employment. The general profile of the models was macroeco-
nomic: they contained final demand (consumption, investment), demand for labour,
as well as prices, wages and financial flows (Klein et al. 1999). The model builders
followed the “Cowles Commission” methodology, using in the estimation process
not only the OLS, but also the TSLS, IIV and FIML methods.

These “mainstream” models were constructed in the 1960s and 1970s in Western
Europe and Japan and then in the other parts of the world. Particularly in France
and Japan they were initially treated as auxiliary instruments supporting the plan-
ning of national economies. The centrally-planned economies (CPE) and developing
economies (DVE) going through industrialization gave them a similar role. Later on
they were primarily used in forecasting and policy simulations.

Their structure gradually evolved, following changes in the economic conditions
and economic policy goals. In response to the oil shocks of the 1970s and 1980s,
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the models’ supply sectors were enlarged, mainly by adding energy consumption
as an additional variable in the production functions. The financial sector was more
deeply elaborated and linked to the endogenization of activities conducted by central
banks and administration (Shapiro and Halabuk 1976).

The CPE and DVE models were generally supply-oriented. The barriers to com-
modity supplies that emerged as a result of production factors’ becoming less avail-
able because of price rigidities generated chronic excess demand. The processes
were reflected in the disequilibrium models that were built based on the production
functions, with production allocated according to special, somewhat arbitrary rules
(Welfe 1992).

The first tendencies heralding a departure from the mainstream macroeconomet-
ric models appeared in the late 1970s. They developed because of the Lucas cri-
tique, who insisted that the economic agents could anticipate the economic policy
measures, so the forecasts could be misleading (Lucas 1976). This induced a search
for the possibility of using rational expectations that were treated as a remedy. Many
models, especially those built in the USA and the United Kingdom, introduced ra-
tional expectations mainly into the equations explaining prices, wages and exchange
rates. However, many modelling centres adhered to the concepts of adaptive expec-
tations, as they believed that many economic agents (small firms, households) were
not knowledgeable enough to behave rationally.

As a result of developing macroeconomic theory that showed strong tenden-
cies to rest on solid microeconomic foundations, the structure and specifications
of the macromodels’ equations were deeply revised towards the neoclassical con-
cepts. Firstly, the equation blocks distinguished in the macromodels were made to
cover households’ behaviour (not only their demand for goods, but also residential
investments, labour supply and finance), enterprises (prices, supply, output, employ-
ment, wages) and finances, public institutions, money markets and the foreign sec-
tor (Fair 1984). Secondly, not only the production functions but also the demand
functions were characterised by the neoclassical origin. The links between the real
and financial sectors were strengthened to accentuate the transmission mechanisms.
Macromodels of this orientation were widely applied, especially in the analyses of
the effects of fiscal and monetary policies (Welfe and Welfe 2004).

The changes coincided with the Sims’ critique, who insisted that the restrictions
imposed on the structural models were “arbitrary” (Sims 1980). This paved the way
for the use of the VAR and VAR-related models. What attracted researchers’ atten-
tion afterwards was that economic theory was basically applied to static, long-run
relationships in the macromodels, which were dynamized in an arbitrary manner.
In the UK proposals were put forward (the LSE methodology) to use a “from gen-
eral to specific” specification procedure (Hendry 1995). To estimate the short-term
equations’ parameters the error correction models (ECM) being a transformation of
ADL equations were proposed. The techniques were initially applied within models
explaining wages and prices (Sargan 1964) and consumer demand (Davidson et al.
1978). These developments provided a solid background, after new parameter es-
timation methods for equations containing non-stationary variables were proposed
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(Johansen 1988). A two-step procedure based on the cointegration analysis was de-
veloped (Engle and Granger 1987). In this procedure, the parameters of the long-
term equations and of the short term equations are estimated with the OLS and ECM
methods, respectively. It has been commonly used in macroeconometric modelling
since the late 1990s (Brooks and Gibbs 1994). The use of the VAR models attracted
criticism, because the estimated parameters had no economic interpretation. In re-
sponse, appropriate restrictions were imposed on the VAR models, which lead to
their structural forms (SVAR).

In the last 20 years the construction and use of macroeconometric models has
been the domain of public institutions and research institutes. Academic centres
have concentrated their research activities on constructing small systems with sev-
eral equations describing particular economic relationships (such as inflationary
processes) (Welfe 2009). Owing to the new estimation methods based on the coin-
tegration techniques it has become possible to estimate the parameters of small sys-
tems of equations only. Some suggestions have been recently put forward to start
the construction of large macromodels by linking particular submodels piecewise
(Bårdsen et al. 2005).

In the 1990s the World Bank’ staff made first attempts to build the computable
general equilibrium models (CGE) in order to create an instrument with which the
financial situation of DVEs could be thoroughly investigated. The CGE models were
then constructed in many other countries. Presenting the advantage of deep disag-
gregation, they suffered from being static.

The developments associated with the construction of the modern business cycle
models gave a new impulse to the development of large macroeconometric models
(Kydland and Prescott 1982). The empirical models are derived from neoclassical
theories like the CGE models, but their equations are stochastic and dynamic, so
they are called dynamic, stochastic general equilibrium models (DSGE). The pa-
rameters of the long-term equations based on economic theory are frequently cali-
brated. ECM is used when the short-term equations are to be estimated. The DSGE
models may cover the entire national economy, but in practice their scope is limited.
Although the DSGE models were mainly built at research centres associated with
central banks, many economists maintain that the building and use of the DSGE
model has opened a new stage in the development of macroeconometric models,
where the results of academic centres’ research are linked again with their applica-
tions and use by central banks and administration (Pagan 2003).
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Chapter 2
The Origins of Macroeconometric Models

2.1 First Attempts of the Quantitative Description of National
Economies

The first attempts to provide a quantitative picture of the national economy viewed
as a whole date from the turn of the 18 century. The French scientist, F. Quesnay,
constructed then “economic tables” (tableau economique) with output, employment
and other variables providing the quantitative characterization of the national econ-
omy. These schemes preceded in time the structures of empirical macromodels that
were built almost 100 years later.

Another forerunner was K. Marx who discussed macroeconomic relationships in
his Capital. Marx distinguished two schemes of simple commodity reproduction, ex-
tended commodity reproduction and analysed numerically the relationships between
two divisions—one being production and the other the use of production—as well
as the income distribution between the working class and the capitalists. These rela-
tionships were formalized much later, but this had little effect on economic growth
theory.

The first attempts to formalize the description of the national economy as a whole
took place towards the end of the 19th c. and in the early 20th c. Three trends in the
literature could be distinguished then. The first one stemmed from general equilib-
rium theory developed by L. Walras, the second one rested on the foundations of
business cycle theory laid by R. Frisch and M. Kalecki that encouraged J. Tinber-
gen to construct the first macroeconometric models, and the third one referred to
J.M. Keynes’ fundamental writings that resulted in the construction of the macroe-
conometric “mainstream” models by L.R. Klein (cf. Bodkin et al. 1991; Whitley
1994).

2.2 General Equilibrium Models

The concept of general equilibrium was formulated by L. Walras, whose theories
were later developed by V. Pareto. According to the concept, a national economy
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can be described using a system of equations explaining the behaviour of particular
economic agents. An economy is assumed to be purely competitive when in static
equilibrium. The price-setting process is determined by equalizing demand and sup-
ply. As a result, the equations of the system explain both demand and supply and
the (equilibrium) prices obtained are the system’s solution. The system would have
to contain several million equations, which seems as intellectually challenging as
impractical. This property caused that it remained nothing but a theoretical proposal
for many years (Friedman 1955).

However, more than 20 years ago a group of American economists led by D. Jor-
genson proposed making a special aggregation of economic agents’ activities. Par-
ticular brands or articles were to be replaced by their groups. An operationally man-
ageable number of equations would explain the demand for and supply of several
groups of commodities. Although the distance between theory and empirical ap-
plications turned out to be long, because not only the aggregation rules had to be
defined, but also the respective data banks had to be established, the empirical com-
putable general equilibrium (CGE) models were ultimately born (Wallis 1994).

2.3 Models of Business Cycles

The models for business cycle analysis were formalized between 1933 and 1935.
Their major builders were Ragnar Frisch (Frisch 1933) and Michał Kalecki.
M. Kalecki had built a system of equations explaining business cycles some 2 years
before the fundamental works of J.M. Keynes became known. The system was pub-
lished in Polish first and then in “Econometrica” in 1935, i.e. 2 years after it had
been built (Kalecki 1935).

In the above models the investment functions were given a major role. In the
Kalecki’s model investments depended on the initial stock of fixed capital (replace-
ment investment) and profitability represented by the interest rate. The investment
function in the R. Frisch model was specified likewise. As a result, the models
showed oscillations and cyclical behaviour. Both models were dynamic but re-
mained theoretical, as no attempt was made to feed empirical data into them. The
parameter values were calibrated, but not estimated.

The above concepts paved the way for the empirical macromodels built by
Jan Tinbergen. In the years 1935–1936 Tinbergen constructed a macroeconomet-
ric model for the Netherlands, but it was in the Dutch language, so it took some
time before the League of Nations asked him to build a macroeconometric model
for the US economy. The advantage of the proposal was that rich databases on this
country were available, mostly owing to the activities of S. Kuznets. J. Tinbergen
complied and constructed a large model of the US economy, which was published
in 1939 (Tinbergen 1939). Its followers were few, but because it was very dynamic
it served as a point of departure for many models. The Tinbergen’s model can be
regarded as an effective attempt at employing the theoretical concepts developed by
Frisch, Kalecki and Haberler to describe cyclical fluctuations in the dynamics of the
US economy (von Haberler 1939).
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The US model Tinbergen built was an annual, medium-sized model based on
the 1919–1932 sample. It had 17 identities and 32 stochastic linear equations
whose parameters were estimated with OLS. Most equations were recursive, be-
cause Tinbergen tried to avoid simultaneous equation biases that became apparent
after T. Haavelmo published his writings (1943). Given that the only tool he could
use was calculators his achievement is nothing short of impressive.

The model’s equations can be grouped into 4 blocks explaining final demand,
prices and wages, financial sector and income distribution. The major role in gen-
erating cyclical fluctuations was given to the equations explaining final demand.
Consumer demand was represented by one equation, with nominal expenditures on
the left-hand side and particular income components, i.e. wages and salaries, non-
rural property incomes, capital gains and two deflators and a time trend, placed on
the right-hand side. The first estimates of the marginal propensities to consume re-
vealed considerable differences between particular items: 0.95 with respect to wages
and 0.77 to non-rural incomes, but only 0.28 for gains. This decomposition of dis-
posable incomes was repeated in many subsequent models, as long as the changes
in social structures were regarded as essential.

The model had two investment functions to explain enterprise sector’s demand
for fixed-capital investment and the demand for investments in residential construc-
tion, respectively. Their specifications emphasised the availability of investment
funds, ignoring the expectations of future growth (accelerator). As for the first equa-
tion, the enterprises had to decide what part of their corporate profits they would
invest in plant and equipment and to take account of the lagged changes in price dif-
ferentials between finished goods and investment goods, as well as wage costs and
interest rates. The dynamization of this equation generated fluctuations. Developers
made their decisions based on their expected profits, but they also considered the
trends in prices and interest rates.

The model served as a basis for many analytical exercises. The computed multi-
pliers could be used for monetary policy simulations, but not for fiscal policy, as its
representation was scarce.

The Tinbergen’s model was strongly criticized by J.M. Keynes in the late 1930s.
Keynes claimed that the theoretical background was not sufficient and particularly
that macroeconomic theories were impossible to test with econometric techniques
(Keynes 1939, cf. Tinbergen’s replay 1940). In the 1940s J.M. Keynes changed his
mind, though, and acknowledged the importance of Tinbergen’s contributions in
two essays. J. Tinbergen did not have many followers.

It is worth noting, however, that in the last several years new business cycle
theory has been developed, mainly by Kydland and Prescott (1982). These new
concepts differ seriously from Tinbergen’s. Tinbergen viewed cyclical changes as
an immanent property of capitalist economies determined by investment activity
changes. The new theories attribute oscillations to stochastic shocks that bring about
recurrent changes, for instance as a result of rising oil prices.
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2.4 J.M. Keynes’ Macroeconomic Theory

The macroeconomic theory developed by J.M. Keynes, especially his “The Gen-
eral Theory of Employment, Interest and Money” (1936), became a cornerstone
of the concepts that led to the construction of a class of macroeconometric mod-
els mainly based on L.R. Klein’s works that predominated in the USA and Europe
for over 30 years. Keynes analysed macroeconomic relationships applying to ag-
gregates, but not to individuals. This means that they concerned total consumption,
but ignored the consumption of particular households, showed total investments, but
omitted investment projects of particular firms. This approach made the construction
of macromodels much easier, because the number of interrelated variables could be
substantially reduced and their disaggregation was performed only exceptionally.

Since Keynes, the main stress was laid on the analysis of demand, as a cru-
cial element of macro analysis. Keynes stated that the national economy was not in
equilibrium, i.e. the production factors were not fully utilized. Quite the contrary,
a capitalist economy was characterised by a state of disequilibrium such that the
final demand was not enough to ensure the full utilization of production capacity
and full employment. Therefore, unemployment was long term and not exclusively
frictional, as the classical theorists claimed. Consequently, macroeconomic analy-
ses and economic policy started to stress final demand. As far as consumer demand
analysis is concerned, Keynes defined a concept of marginal propensity to consume
that became the integral component of the (linear) consumption function. He subor-
dinated household consumer demand to GDP or national income and eventually to
other factors. Investment activity was also determined by demand, but decisive were
the factors determining its profitability, mainly interest rates in the capital markets.
Keynes has strongly accentuated the role played by firms’ and households’ liquidity
preferences that in the macroscale translate into preferences for maintaining global
liquidity (Hicks 1937).

These concepts produced very significant and far-reaching effects on macromod-
elling. If demand plays a central role and no barriers exist to block it because labour
force is still available in excess (unemployment) and productive capacity is not fully
utilized, then it is justified to assume that the observations (the data) represent the
realizations of demand. If so, they can be used to estimate the demand functions’
parameters. Moreover, in the macroeconometric models the central role must be
given to the final demand functions, i.e. consumer and investment demand func-
tions. Because supply is assumed to follow demand, there is no need to construct
any commodity supply equations. Final demand will indirectly determine the de-
mand for production factors, including employment. To meet this goal, the model
builders commonly used inverted production functions and compared the demand
for employees with the available labour force to estimate the level of unemployment.

It is worth knowing that the economic policy that many European countries and
the USA pursued in the late 1930s was intended to stimulate demand, especially by
forcing public investments. The multiplier and accelerator mechanisms caused that
the entire economy was stimulated. In our view, the most important thing about
J.M. Keynes’ concepts is that they significantly contributed to the expansion of
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macromodelling activities after the Second World War (cf. Klein 1951; Pesaran and
Smith 1985; Bodkin et al. 1986).
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Chapter 3
Macroeconometric Models of the United States
and Canada

3.1 First Macromodels by L.R. Klein

The favourable conditions created within the Cowles Commission for Research in
Economics in the late ‘40s encouraged L.R. Klein to construct macroeconomet-
ric models of the interwar US economy. His research took advantage of the newly
developed econometric methods. Their results were published in “Economic Fluc-
tuations in the United States 1921–1941” (Klein 1950). Klein made an attempt at
exploring the possibilities offered by macroeconometric modelling with a view to
describing an economy whose development was well recognized and for which rich
data sets were available. As a result, three small annual models (versions) were built.

Model I was comprised of 6 equations: 3 behavioural and 3 identities. Their
specifications were similar to those prepared for the Tinbergens’ model, but they
additionally contained some special elements that were developed in the subsequent
models. Consumer demand was a function of wages, salaries and property incomes.
Investments were determined by property incomes (current and lagged) and the ini-
tial stock of fixed capital only. No links to current or expected output were intro-
duced. The model contained an equation explaining employment that was derived
from the inverted production function. This model as well as its versions defined
the fundamental macro-identity, i.e. national income, as being equal to the sum of
consumption, investment and net exports. The stock of fixed capital at the period
end was defined as its initial stock plus subsequent investments.

All versions explicated the major feedbacks that included a consumer multiplier,
where consumption depended on national income and was one of the national in-
come components. They also included a special type of accelerator: investment was
dependent on the stock of fixed capital that expanded owing to investment activity.
Another characteristic feature of Klein’s early models was that their author took ad-
vantage of the new econometric techniques that were developed after the Haavelmo
critique, namely, two-stage least squares (TSLS), full maximum likelihood (ML),
and limited-information maximum likelihood (LIML). The last two methods and
OLS were used for estimating the above models’ parameters. This was the pro-
totype application of effective estimation procedures to the simultaneous equation
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systems. Models II and III were more elaborate than model I. Model III that con-
tained 12 behavioural equations is regarded as the precursor of the Klein-Goldberger
model.

3.2 The Klein-Goldberger Model

In the mid-1950s, L.R. Klein and A.S. Goldberger built a new macroeconomet-
ric model of the US economy in Michigan. This new model, called the Klein-
Goldberger model, was an annual structure. The two researchers shared the work
between them: while Klein was responsible for specifying the equations, Goldberger
was in charge of the estimation of their parameters. Goldberger tried the newly de-
veloped estimation methods for systems of simultaneous equations. As the applica-
tion of full maximum likelihood was found to be too complicated numerically, lim-
ited information maximum likelihood (LIML) was used instead (Goldberger 1964).

The Klein-Goldberger model paved the way for the builders of many other
medium-term, annual models of the US economy. Many researchers tested its static
and dynamic properties and its sensitivity using multiplier analysis and stochas-
tic simulations. The contemporaneous econometricians are usually familiar with
the model’s structure and properties, because everyone involved in model building
learns about them at some point in the process.

The Klein-Goldberger model covering the pre-war period 1927–1941 and the
post-war years 1944–1952 included 20 equations, 15 of which were stochastic. The
use of the pre-war data was necessary because only 9 observations were available
for the post-war years and parameter estimation with a very small sample seemed
rather risky (Klein and Goldberger 1955).

The Klein-Goldberger model had a Keynesian orientation and emphasised the
specification of demand components, starting with final demand. Consumer demand
was dependent on real disposable income. However, households’ incomes were dis-
aggregated by income source. The propensities to consume seemed to differ de-
pending on whether the households mainly relied on earned income, capital gains
or incomes from agricultural activities. The estimates confirmed this hypothesis—
the short-term marginal propensity to consume was 0.55 for real wages and salaries,
but for real after-tax incomes of entrepreneurs and for farmers’ incomes it was 0.40
and 0.34, respectively, in the latter case the reason being farmers’ inclination to save
money and invest in the development of their farms. For the first time consump-
tion was dependent on liquid assets being a proxy for households’ financial wealth.
No variable was introduced to account for competitive savings that could constrain
expenditures (in the future, this role was to be given to interest rates). Because to-
tal expenditures were an explained variable—the population size was introduced to
serve as an additional explanatory variable. It is noteworthy that the models built
in the next years omitted this variable, because increasing real incomes absorbed
the effect of population growth. Lagged consumption was also introduced into the
model. A low estimate (0.26) of this variable’s parameter pointed to much higher
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estimates of the long-term parameters; for instance, for the real earned incomes the
marginal propensity to consume would be 0.74.

The investment function was specified like that in Klein’ previous model. In-
vestment demand depended on real financial resources, their major source being
firms’ after-tax profits and depreciation. The profits were determined by the level
of firms’ activity. Because it was assumed that the investment processes consumed
only a fraction of firms’ profits, the rest being spent on the financial assets, the actual
shares had to be estimated. Another assumption was that no hard barriers impeding
the fund-raising processes existed, because credit lines stayed open to firms.

This specification differs from the specifications where current investments are
related to the expected demand for products that could be made owing to new in-
vestment projects. The attempts to introduce these determinants proved unsuccess-
ful. The variables representing investment project profitability also turned out to be
insignificant. The initial stock of fixed capital was introduced as an additional ex-
planatory variable. A negative value (−0.07) of the variable’s parameter estimate
indicated, rather surprisingly, that firms having substantial production capacity in-
vested less than others.

The transition from final demand to demand for production factors followed the
solution that Klein proposed in his earlier model. Demand for labour was obtained
from the inverted production function. The number of hours worked was related to
output and the initial stock of fixed capital.

Real earned incomes in the enterprise sector were a function of national after-tax
income and employees’ payments received from the budget. The Klein-Goldberger
model was the first to explain wage rates assuming that their growth depended on the
rate of unemployment. This was three years before Phillips formulated this hypoth-
esis in his seminal paper (1958). In the Klein-Goldberger model the first differences
of the wage rate logs depend on the rate of unemployment and the lagged first dif-
ference of price logs. Hence, in the American literature this specification is credited
to Klein or Klein and Phillips.

The import equation in the model was new and its specification has become al-
most a classical solution. Imports were dependent on national income, lagged im-
ports and relative prices. The latter were not treated as an individual explanatory
variable, but introduced together with national income: the real national income
was multiplied by the ratio between national income deflators and imports. Hence,
elasticity with respect to such defined variable represented the joint income and
substitution effects.

The Klein-Goldberger model included also 4 equations for the monetary sector
explaining households’ and enterprises’ liquidity preferences, as well as the short-
term interest rates.

The Klein Goldberger model emphasises the role of the nominal incomes. House-
holds’ incomes that depend on the level of economic activity are deflated and affect
consumer demand that codetermines real national income representing the levels
of economic activities. This defines a special multiplier. Similarly, a specially de-
fined accelerator mechanism functions, which takes account of incomes, but omits
commodity flows. National income determines firms’ incomes that, after appropri-
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ate deflators are applied, turn into real investments that enter into the volume of
national income.

There is also a feedback concerning imports in the model. Imports depend on the
level of economic activities and given exports they negatively affect the level of na-
tional income. If exports grow less than imports, the growth rate of national income
decelerates. Therefore, the Klein-Goldberger model takes account of all types of in-
ternal feedbacks characteristic of macromodels, even though they often run through
different variables.

The Klein-Goldberger model was analysed from all possible angles. The list
of researchers who participated in these exercises is much too long to be quoted
in extenso. Let us mention, however, Adelman and Adelman (1959) who tested the
dynamic properties of the model with stochastic simulations, introducing random
shocks. Their study showed that the model had the desirable dynamic properties—
it was not explosive but had stabilizing tendencies as regards the rates of growth.
They concluded that the model could be the prototype solution for the future model
builders.

Indeed, many new annual macroeconometric models of the US economy were
constructed in the subsequent years, such as the long-term model (1869–1953) built
by Valavanis (1955). Then Duessenberry, Eckstein and Fromm constructed their
model (Duessenberry et al. 1960), which was used for analysing recessions. Suits
(1962) developed an annual Michigan model comprising 33 equations (16 stochas-
tic), whose parameters were estimated with OLS using first differences. The model
was mainly used for forecasting purposes. Successive models were built in almost
all developed countries.

The Klein-Goldberger model was generally utilised in the numerous studies on
the pre-war and post-war properties of the U.S. economy that extensively made use
of the multiplier analysis. Its applications to forecasting the annual time series were
less frequent and attracted criticism. The critics maintained that the short-term fore-
casts and analyses would be of greater practical value for the administration and
large corporations, as their having access only to the annual forecasts greatly re-
duced the range of reactions and interventions they could undertake. These demands
obviously called for the construction of the quarterly, if not monthly, macromodels
(Bodkin et al. 1991).

3.3 The Quarterly Macroeconometric Models. The Brookings
Model

In response to this criticism, L.R. Klein began to work on a quarterly model cov-
ering the post-war years. As a result, the first short-term macroeconometric model
of the U.S. economy “A Post-war Quarterly Model (1948–1958)” was built in the
early 1960s. It became a stepping stone for the construction of the subsequent quar-
terly models of the U.S. economy. The model was initially small and contained 37
equations (29 were behavioural). The sample started in 1948 and covered seasonally
adjusted quarterly data. The parameters of the model equations were estimated with
TSLS and LIML (Klein 1964).
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Because of its structure, the quarterly model resembled its annual predecessor.
There were some differences, though; unlike the annual model where many equa-
tions were expressed in terms of nominal values, the quarterly model mostly used
variables given in constant prices. Besides, its equations explaining consumer de-
mand and investment demand were extended. Consumer demand was broken down
into demand for durables (automobiles), non-durables and services. The changing
demand for durable goods induced changes in the activities in the business cycle.
Klein made an attempt to include variables representing consumers’ and investors’
expectations and extended equations explaining inventory changes.

Additionally, Klein introduced the concept of potential output and the rate of
its utilization. This helped explain the impacts of market tensions, especially in the
equations that determined prices that in the former models depended on wage costs
only. The rate of capacity utilization was obtained as a ratio between actual and
potential output. Potential output was determined by linking outputs generated in
the business cycle peak quarters that represented the points close to full capacity
utilization. This ratio has become known as the Wharton School Index of Capacity
Utilization. It was used for many years before it was replaced by an official indicator.

The model became operational in 1961 and started producing forecasts. In the
next years, when Klein engaged himself in the building of a new, large quarterly
model, it was transferred to the Bureau of Economic Analyses at the US Department
of Commerce. Frequently modified and substantially enlarged, it was used in regular
forecasting service for a long time. It still functions under a new name—as the
BEA model being a large quarterly model extended to several hundred equations. Its
structure is largely the same as its predecessor’s, but an extensive block of equations
has been added to cover the public and monetary sectors.

At the same time, T.C. Liu constructed an experimental quarterly model (Liu
1963). It was fitted to the 1947–1951 data and had 36 equations, 19 of which were
stochastic. The parameters were estimated with the OLS and TSLS methods. Its
structure was similar to the Klein’s model, but employment was not covered and
foreign trade was exogenous. It was used in forecasting, but mainly for generating
simulations analysing the effects of fiscal and monetary policy.

In the early 1960s, L.R. Klein and J.S. Duessenberry initiated a new, major
project in the Brookings Institution. The quarterly model which was built in the
next years was given the name of the Brookings Model. It was the very first case
in the history of econometric macromodelling that a model was constructed not by
a single person or a group, but by a team of outstanding scholars from different
universities who came together to carry out a project. The project’s chairmen were
L.R. Klein representing the University of Philadelphia and J.S. Duessenberry from
the Harvard University. The project attracted many contributions on equation spec-
ifications, estimation methods and model use. The research work and the numerous
discussions it prompted led to the publication of three volumes of the project pro-
ceedings (Duessenberry et al. 1965, 1969; Fromm and Klein 1975). The striking
originality and depth makes the contributions relevant to date.

The theoretical foundations of macromodelling that were formulated in the
course of the project have remained outstanding in many respects. An excellent
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case in point is the investment demand function proposed by Jorgenson (1965). In-
vestment was to be determined not only by the available financial sources, but also
by the user’s investment costs. The ‘user cost of investment’ variable he constructed
was a ratio between the expected return on investment and investment costs, the in-
terest rate being the most important item among the latter. It was for the investors to
decide whether they wanted to borrow paying the current interest rate or rather ex-
change their assets for bonds and stocks. The construction of the user cost indicator
was a complex task, as the indicator had to account for the differences between the
prices of the products being sold and of the necessary equipment. To deal with the
requirement, the ratio between investment deflators, including the interest rate, and
the deflator of producer sales was adopted to represent user costs. This concept has
remained useful to date.

The Brookings model had to be large, because its mainly sectoral disaggregation
was meant to satisfy the needs of various customers. It originally comprised more
than 200 equations, nearly 150 of which were stochastic. With more data becoming
available, the model was enlarged to more than 400 equations. The data spanned the
years 1949–1960 and were seasonally adjusted.

Final demand was deeply disaggregated. Consumption was subdivided into 5
groups—cars and other durables, non-durables, foodstuffs and beverages, and oth-
ers. The specifications of the consumer demand functions were similar to those used
in the earlier Klein’s model, but consumer demand was determined by aggregated
real disposable income, relative prices and lagged consumption. Special variables
were introduced into some equations; for instance, the equation explaining cars and
other durables was given interest rates and credit availability. In addition to real
incomes (mainly profits), the investment function also contained user investment
costs, including interest rates.

The fairly large sample allowed dynamizing the model’s equations. The lags were
partly estimated, but, if there were a large number of them, for instance 8–10, spe-
cial lag distributions were introduced, such as the hypergeometric distribution, as-
suming descending weights. The polynomial distributions, especially the Almon
distribution, became popular in the later periods (Schmidt and Waud 1973).

The model did not explicitly define the production function. After inversion, it
was used to generate demand for working time. The function explaining working
time contained the level of output and its increase, the initial stock of fixed capital
and a lagged endogenous variable. Labour supply was determined by the level of
economic activity and its increase, and by demographic variables. The equations
explaining wages were built following the Klein-Phillips rule, i.e. prices, labour
productivity and unemployment rate were used as the wage determinants. The price
equations took into account the profits and unit costs, the latter being mainly com-
posed of labour costs. The model contained fairly elaborated monetary and public
sectors and made an attempt at endogenizing the current expenditures of the federal
budget.

Owing to the project-related research, two special methodological problems
could be solved. Firstly, the strategy of estimating the parameters of large simul-
taneous equation systems was formulated. According to the strategy, the equations
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had to be linearized to allow the application of the known numerical procedures
and then rearranged to make them block-recursive. The equation parameters within
the block could be estimated separately afterwards, assuming that the relationships
between the blocks were negligible (Fisher 1965). The theoretical underpinnings
belong to Wold (1960), who maintained that in fact all economic activities were re-
cursive and only their aggregation in time made them simultaneous. The above pro-
cedures were of historical significance, because the use of the Gauss-Seidel iterative
simulation and the Newton procedures for solving large systems became common
in the not-so-remote future; this new approach did not require model linearization.1

The second problem that was solved was the integration of the input-output re-
lationships into the model. The project participants formulated formal relationships
between final output and gross output, on one hand, and between producer prices
and value added, on the other, thus making a permanent contribution to the I-O
methodology.

The Brookings model was frequently used in policy simulations, not so often
in forecasting (Fromm and Klein 1975). Its construction and development signif-
icantly influenced further evolution of the macroeconometric models built in the
US modelling centres and the contributions it made to macromodelling found broad
applications. The project was discontinued in 1972.

3.4 Models Developed at Public and Commercial Institutions.
Models Built by Individual Scholars or Groups of Scholars

By the end of 1960s and at the beginning of 1980s several macroeconometric mod-
els of the US economy were constructed, their group including the MPS model
with an extended financial sector for the Federal Reserve, the BEA model, the
St. Louis model, models built at commercial institutions, such as the Wharton, DRI
and Michigan models, as well as models created by particular scholars, for instance
the Hickman-Coen, Fair, and Liu-Hwa models (Kmenta and Ramsey 1981). Their
structures and properties will be briefly characterized below.

3.4.1 The Wharton Models

The Wharton models were built in Philadelphia at the Wharton Econometric Fore-
casting Associates (WEFA), under the direction of L.R. Klein. The Quarterly Whar-
ton Model being partly a continuation of Klein’s Post-war Quarterly Model and the
Brookings Model (Evans and Klein 1967) became operational in 1963. From that

1This concept returned quite recently with the attempts to construct large models composed of
separate recursive blocks, with parameters estimated using the cointegration techniques (Bårdsen
et al. 2005).
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year regular quarterly forecasts of the American economy and the results of nu-
merous policy simulations were published and presented to the community of the
WEFA project’s members (representing major corporations and public administra-
tion). The numerous mutations of the model increased its size and multiplied its
uses. For instance, its 1968 version had approximately 80 equations, while Mark III
contained 200 (McCarthy 1972). By the early 1980s the number of the equations
rose to nearly 1000 and by the end of the 1980s it was close to 750, 280 of which
were stochastic.

The Wharton models had a Keynesian structure. Final demand determined output
and, indirectly, employment. The investment function used Jorgenson’ neoclassical
concepts, though. An increase in inventory was introduced to balance demand and
supply. The models generated potential output by means of the Cobb-Douglas pro-
duction function and its use by applying the Wharton Capacity Utilization Index.
The price equations were based on the ‘mark-up on unit costs’ rule. To explain
wages, the Klein-Phillips’ approach was used (Duggal et al. 1974).

The models were very dynamic and utilised many polynomial lag distributions.
Its Anticipation Version (Adams and Duggal 1974) included consumer and investor
expectations, the first type of expectations being represented by the Michigan Index
of Consumer Sentiment and the second by the BEA Survey of Investment Intentions.
The models were chiefly used for forecasting purposes, but also in simulation anal-
yses, i.a. for computing the multipliers showing the likely effects of fiscal policy.
They become members of Project LINK (Waelbroeck 1976).

Almost 10 years were needed for a large, medium-term, annual macroecono-
metric model containing an I-O subsystem to be built (Preston 1972, 1975). It was
called the Wharton Annual and Industry Forecasting Model and initially consisted
of nearly 400 equations, but in the 1980s it was expanded to more than 3000. The
model covered all areas of economic activity, which were grouped into 8 blocks
of equations. It had two submodels of I-O equations. One of them determined the
inter-industry relationships between 50 or 63 industries and the other defined price
relations. Several attempts were made to endogenize the parameters of the relevant
matrices; in the last version of the model they depended on the relative prices. The
model was used in medium-term forecasting (up to 10 years) and in numerous mul-
tiplier exercises.

The Wharton models were constantly operated until 2001, when they were
merged with the DRI model being part of the forecasting and simulation system
called Global Insight.

3.4.2 The DRI Model

Built in 1969, the DRI model was a quarterly model constituting the centrepiece
of a large information system operated by Data Resources, Inc. that assembled the
time series on the US economy. It was re-estimated every year under the direction of
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Eckstein (1983). The model followed from an earlier model that Duessenberry, Eck-
stein and Fromm had built (1960) to study recession, and referred to the Brookings
model.

The model had approximately 700 equations, around 400 of which were stochas-
tic, and distinguished 7 blocks that covered the entire economy. The largest of them
was the industry block (representing more than half of the equations). Its equations
were specified differently than in its predecessors. The Cobb-Douglas production
function was extended by including energy use and R&D expenditures. This helped
to explain the recession of the 1970s. The flow of funds sector was considerably
enlarged. Thus the transmission from the financial to the real sector could be carried
out through interest rates, share and bond prices as the channels.

The model was systematically used in short-term forecasting, with increasing ac-
curacy. It also participated in numerous policy simulations, especially those dealing
with the oil shock impacts. The counterfactual analyses of the Great Recession that
were made with the model earned it high reputation (Eckstein 1978).

3.4.3 The Michigan Model

The Michigan Quarterly Econometric Model (MQEM) was built in the 1970s (Hy-
mans and Shapiro 1974). In 1974 it had 59 equations, 35 of which were stochastic,
so it was the smallest among the quarterly models. The MQEM replaced the Suits
model and shared some characteristics with the BEA and MPS models built in the
1960s. The model specifically assumed that in the long-run a trade-off takes place
between the rate of unemployment and the rate of inflation.

In the 1980s the MQEM was systematically developed and used in research. In
the mid-80s it had 111 equations, 61 of which were stochastic, and an elaborated
financial sector. The decomposition of the model’s final demand was fairly deep.
The consumer demand for durables was disaggregated into four groups, the most
important of them being the demand for cars. The enterprise sector’s demand for
investment was split into buildings and machinery and equipment for industry, agri-
culture and other branches.

Employment was derived from an inverted production function and the rate of
unemployment was determined not from an identity but using a stochastic equation.

When the forecasting precision of the MQEM model and the Fair’s model were
compared it was found that MQEM was the most accurate in predicting prices,
wages and the rates of unemployment and the least reliable for investment (Fair and
Alexander 1986).

3.4.4 The BEA Model

As it has already been mentioned, the BEA model followed of Klein’s “Post-war
Quarterly Model”. It was the major instrument that the Bureau of Economic Anal-
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yses (BEA), an agency of the US Department of Commerce, used to prepare fore-
casts and economic analyses (Liebenberg et al. 1966). The model was systematically
developed—its initial version having 49 equations in 1966 (36 were stochastic) was
expanded to 117 equations in 1971, 67 of which were stochastic (Liebenberg et al.
1971). In the next years, their number increased even further (Hirsch et al. 1974).

The model’s structure remained basically the same. Seven blocks of equations
covering the real and financial sectors were formed. The equations explaining final
demand had standard specifications. Separate equations explained the demand for
employees and working time, an important element of a business cycle analysis. The
producer prices mainly accentuated cost pressures. The model was used for short-
term forecasting and in many policy simulations, such as analyses of the multiplier
effects of fiscal policy (Hirsch 1972).

3.4.5 The MPS Model

The construction of the MPS model (MIT, PENN and SSRC) was undertaken in
1966 by a team led by A. Ando and F. Modigliani supported by F. de Leeuw repre-
senting the Fed (de Leeuw and Gramlich 1968). Because the model was designed
for the Fed to carry out its stabilization policy, a strong stress was laid on the specifi-
cation of the financial sector. The model became operational in 1970 and its original
version had 60 stochastic equations (Rasche and Shapiro 1968). The number of
the equations increased to reach more than 170 in the mid-70s, 67 of which were
stochastic. Their parameters were estimated with OLS and were fitted to the post-
war quarterly data (Ando et al. 1972).

The model’s structure distinguished 6 blocks of equations. The most sophisti-
cated of them was the financial sector that had links with other sectors. In the short-
run, the model had a Keynesian orientation: final demand determined output and
employment, wages were specified following the Phillips curve, and prices were
given as unit costs plus a mark-up. In the long-run, though, the dynamics of the out-
put and production factors was shaped according to neoclassical theory of growth.

The per capita consumer demand was determined based on the real disposable
income per capita (the long-term marginal propensity to consume was 0.61) and
the real wealth per capita, allowing for long lag distributions. A distinction was
made between consumption and consumer expenditures. The investment demand
was determined, i.a. by user costs. Separate blocks were used to explain employment
and unemployment and, very carefully, prices and wages.

As its main purpose was to meet the needs of monetary policy analyses, the
model contained elaborate blocks of financial sector. A special block of equations
explained the generation of taxes and transfers. The federal budget expenditures
were maintained as exogenous, but the expenditures made by the states and local
authorities were endogenized. The monetary sector was linked to the real sector via
three channels: interest rates affecting user investment costs, households’ financial
wealth and by rationing the loans for residential investments.

The model was constantly improved and modified. To allow for the repercus-
sions of the 1974 oil shock the production function was extended with energy use
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introduced as an additional explanatory variable. The equations explaining energy
and foodstuff prices were specified. In the 1970s the system of equations explaining
the balance of payments was extended by an attempt at endogenizing the exchange
rate. More improvements were made to the model in the 1980s and in the early
1990s. The equations explaining money demand, including M2, were respecified,
the equations explaining changes in the federal reserve were dropped, and the sys-
tem of equations explaining residential building loans was augmented.

The MPS model was actively used during the numerous analyses of stabilization
policy effects. One of its major applications was to verify the hypotheses put for-
ward by the monetarists, which frequently presented the role of the monetary policy
instruments in a simplified manner (Ando et al. 1972). It was exploited until 1995,
when it was substituted by the FRB/US model of the second generation.

3.4.6 The Hickman-Coen Model

In the mid-70s, B. Hickman and R. Coen constructed an annual model for medium-
term analyses and forecasts spanning the horizon of at least 10 years (Hickman and
Coen 1976). The parameters of the model equations were estimated with OLS and
TSLS based on data from the pre-war and post-war years, i.e. 1926–1940 and 1949–
1965, respectively. The model had 170 equations, 50 of which were stochastic. The
demand equations were Keynesian, whereas the supply side had a neoclassical ori-
entation.

The model generated two versions of potential output, one assuming full employ-
ment and the other full utilization of fixed capital. This allowed calculating the rate
of productive capacity utilization. The first version was used more frequently, partly
because of more available estimates of full employment. The model used the Cobb-
Douglas production function and carefully verified the assumption about constant
returns to scale. The model was frequently applied in simulation analyses, such as
the scenario analyses of the long-term development of the US economy (Coen and
Hickman 1985). Systematically improved in the subsequent years, the model was
applied for the last time in 2006, when its authors published the results of their
research on the dynamics of potential output, productivity and resource utilization
(Coen and Hickman 2006).

3.4.7 The Fair Model

In the early 1970s, R.C. Fair constructed a quarterly model, which was initially in-
tended to support short-term forecasting. With its 19 equations, 4 of which were
stochastic, and a limited number of exogenous variables, it was the smallest opera-
tional model of the US economy (Fair 1971). Its structure followed the setup of the
standard models. Its author’s main goal was to improve forecasting accuracy, so he
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frequently re-estimated the equations, instead of fine-tuning the model. After some
time, Fair encouraged the customers to use the model as they deemed appropriate
(Fair 1974, 1976).

The Fairs’ model was systematically extended and improved. As a result, the
number of its equations grew to 128 in 1984, 30 of which were stochastic. Most
of them concerned the behaviour shown by households (9) and firms (12). The ex-
tended model was used in many policy simulations and for testing economic hy-
potheses. Most important was the result that expectations are not model consistent
in the financial sector too. This result coincided with the view that economic agents
are constrained in using the available information, especially the information gen-
erated by macroeconometric models (Fair 1984).

At the beginning of the 21st century the Fair’s model became the major compo-
nent of the MC, a multicountry model to be characterized in the last chapter of this
monograph (cf. Fair 1994).

3.4.8 The St. Louis Model

In the early 1970s a small monetary model comprising only 9 equations (5 were
stochastic) was built at the Federal Reserve Bank of St. Louis (Andersen and Carl-
son 1970, 1974). The equations’ parameters were estimated with OLS. Initially, the
1955–1968 quarterly data were used to this end, but then their range was extended to
the year 1973. The model had a special structure. The nominal GNP was dependent
on money supply and high-employment expenditures of the federal budget, allow-
ing for lags. Prices were determined with excess demand and anticipated changes in
prices, so real GNP was determined from the identity. Potential output was exoge-
nous and served to establish excess demand, as well as being used to calculate the
rate of unemployment. Besides, two equations explaining the long- and short-term
interest rates were introduced into the model. Although the forecasts it produced
were found not to be very accurate, the simulation exercises yielded interesting re-
sults regarding the monetary policy issues (Elliot 1985).

3.4.9 The Liu-Hwa Model

Constructed in the mid-70s, the Liu-Hwa model was the first monthly model of the
US economy (Liu and Hwa 1974) that partly built on the Liu model (1963). It was
a recursive model with many long lags. Its initial version had 33 equations, 16 of
which were stochastic, but in the late 1970s their number increased to 131 (51).
The sample consisted of the 1954–1971 monthly data that were used for OLS-based
parameter estimation. The model was structured following the quarterly Wharton
and BEA models. Its most important feature was the extended set of equations ex-
plaining inventory changes. A substantial role was given to the equations explaining
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price fluctuations that depended on labour costs including the wage rate changes.
Although it was treated as an experimental model, it was used in many interesting
simulation exercises.

3.5 Models of the US Economy in the 1990s and Later

New tendencies in macroeconometric modelling manifested themselves in that the
new macromodels were abandoning the traditional structure of the mainstream
model. This partly followed from the Lucas criticism, who maintained that the eco-
nomic policy decisions based on the models’ findings could be inaccurate, because
the economic agents supposedly anticipated their outcomes (the parameter estimates
were biased) (Lucas 1976). Therefore, expectations should be recognised as ratio-
nal. It was shown, though, that forecast errors were not significant (Eckstein 1983).
Another circumstance that makes this hypothesis look somewhat far-fetched is that
most economic agents do not have the model-generated information at their dis-
posal (model consistent forecasts) (Fair 2004). It has become a common practice,
though, to introduce rational expectations into models, especially when the mone-
tary phenomena were being explained. Pertinent estimation procedures have been
elaborated, operable owing to the high speed computers (Taylor 1993). Provided
with appropriate fiscal and monetary policy rules, this “new” class of models can
be expected to become the major analytical instrument of the administration (Taylor
2001).

Many scholars emphasised that macroeconomic relations must have strong mi-
croeconomic foundations. A development of neoclassical concepts followed. It was
assumed that the economic agents—households and enterprises—accomplish in-
tertemporal optimisation of their behaviour under monopolistic competition. This
resulted in the deep respecifications of the consumer and investment demand equa-
tions in many models, one of them being the FRB/US model.

In response to the Sims’ critique (1980) new estimation procedures were tried.
The reduced forms of equation systems with no restrictions, i.e. VAR and related
techniques, were consequently applied.

The recognition that there exist the long-run stable (equilibrium) relationships
that are different from short-term adaptations led to the application of the error cor-
rection models (ECM). Afterwards, the cointegration relations were tried, but their
use was restricted to the small-size submodels (Brayton and Tinsley 1996).

The above directions determined the development of the models constructed at
the Federal Reserve Board (FRB/US) and partly of the Fair model. Interestingly,
the centre of gravity of macroeconometric modelling shifted from academic centres
to commercial and public institutions, especially to the Fed. This change can be
exemplified by the forecasting activity and policy simulations run by Global Insight
that merged the Wharton and DRI models, as well as the Michigan model.
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3.5.1 The DRI Model

Over the many years of its being in use, the DRI model was systematically improved
and extended, becoming a renowned forecasting instrument utilised by the Energy
Information Administration and other organizations (Documentation 1993).

The DRI model was one of the largest quarterly models of the US economy (Eck-
stein et al. 1974; Eckstein 1983). Its US 89 version contained nearly 1000 equations,
more than 300 of which were stochastic. The reason for the model to have that large
number of equations was the deep disaggregation of final demand (into consump-
tion and investment demand, including residential investment and foreign trade). Its
extended system of the I-O equations took account of over 100 industries. At the
beginning of the 1990s, an aggregated version of the model called a Personal Com-
puter Input-Output Model (PC 10) was built. It served as a point of departure for
sectoral analyses, mainly those dealing with production and energy use.

The structure of the DRI model followed the standard mainstream models. Its
Keynesian-type equations explaining final demand were highly disaggregated. Fi-
nal demand was used to determine the demand for industrial output using transfer
matrices based on I-O. The model had an extensive block of equations explaining
supply. Potential output was generated from the Cobb-Douglas production functions
that were extended by introducing additional explanatory variables. Energy use and
technological progress represented by total factor productivity were dependent on
the cumulated real expenditures on R&D.

Producer prices were determined by the unit costs of labour, materials, energy
and import prices, as well as a mark-up dependent on the rate of capacity utiliza-
tion. The model included an extended sector of financial flows and broadly used
expectations that were identified from surveys. They were entered into the equa-
tions explaining consumer demand for durables, investment and interest rates.

The model was systematically used in forecasting and simulation analyses of
potential energy threats, etc. In 2001, it was merged with the WEFA model.

3.5.2 The Quarterly WEFA Model

During the decade of the 1990s, the quarterly WEFA model that had already been
in use for many years was frequently updated and improved. Its restructuring was
necessitated by the deep modifications made to the way production and price indices
were calculated in the system of national accounts (NIPA). The chain indices the
BEA introduced in 1996 changed the GDP’s time series and components, as well as
their deflators. The respective equations of the Wharton model were respecified and
its new version was called MARK 11 (Bachman et al. 1998).

MARK 11 was a very large model, because its builders decided to disaggregate
final demand down to a very low level. It had 25 groups of consumer expenditures,
22 investment categories, 9 categories of administration expenditures, 10 export and
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11 import commodity groups. Besides, it included an I-O submodel and a large
block explaining financial flows.

The model was used in short-term forecasting (up to 2 years) and in economic
analyses. It had a Keynesian orientation: consumer demand was determined by per-
manent real income and expectations, investment demand responded to the acceler-
ator and user costs. Federal expenditures were exogenous in the short-run. Unlike
the previous versions, the MARK 11 model also made it possible to conduct the
medium-term analyses (5–10 years ahead), mainly focused on the monetary policy
issues. An important role was given to the equations explaining wages that depended
on the expectations and the ratio between the observed unemployment rate and the
(exogenous) natural rate of unemployment. The model was also useful for long-term
analyses (15 years or more). Potential output was generated from the Cobb-Douglas
production function where technological progress was treated as exogenous. The
rate of capacity utilization codetermined prices, thus affecting final demand and
consequently modifying the rates of growth.

The equations’ parameters were estimated with the ECM model, taking into ac-
count the cointegration relationships. The parameters of the long-term (equilibrium)
equations were estimated before the parameters of the short-term adjustment equa-
tions. Owing to this approach, the use of distributed lags (mainly of the ALMON
type) could be given up. The model used information on expectations derived from
various surveys.

The model was used in systematic forecasting and during numerous policy sim-
ulations, distinguishing itself for its ability to provide many details. In 2001, it was
merged with the DRI model.

3.5.3 The Quarterly DRI-WEFA Model—The GLOBAL INSIGHT
Model

The quarterly DRI-WEFA model came into being after the DRI and WEFA models
were merged in 2001, as mentioned above, so its size and structure resembled its
predecessors’ (DRI-WEFA 2002). Its more than 1200 equations resulted from deep
sectoral disaggregation.

The model had a mixed orientation. In the short-run, the Keynesian specifica-
tion prevailed—output and employment were determined by final demand. In the
medium and long-term, though, it had a neoclassical orientation. The financial sec-
tor was subordinated to the monetarist views. Expectations were mainly based on
the survey results. The supply sector equations showed that endogenous growth the-
ory was involved in their specification. Potential output (GDP) was generated from
the extended Cobb-Douglas production function. The explanatory variables repre-
sented the following production factors: fixed capital, full employment and energy.
TFP growth depending on the cumulative real R&D expenditures linked to invest-
ment stood for the impact of technological progress. The model’s characteristics
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allowed its authors to conclude that it presented a macroeconometric model of dy-
namic balanced growth.

The model was and is still used to perform short and medium-term forecasts of
the US economy; it also supports numerous policy simulations conducted within the
Global Insight system.

3.5.4 The Quarterly Michigan Econometric Model and S. Hymans
RSQE Model

In the 1990s the aforementioned Michigan model (MQEM) was significantly ex-
tended. In 1994 it had 213 equations (108 were stochastic) grouped into 7 blocks
(Howrey and Hymans 1995). Its structure was eclectic too. Being Keynesian in the
short-run, in the long-run it reflected the neoclassical concepts; the specification of
the equations representing the money market was treated likewise. It defined a long-
term relationship by linking the rate of inflation with the rate of money growth.

The model helped perform numerous policy simulations and quarterly forecasts
with a 2–3 year horizon, which were known for their high accuracy. It was actively
used until the Soul Hymans RSQE model replaced it very recently.

3.5.5 The Current Quarterly Model

Several years ago L.R. Klein entered into a cooperative effort with the Global Insight
system in order to build a special quarterly model for short-term forecasting and
analyses of the US economy at the University of Pennsylvania.

The model is special in that it uses monthly data on 75 indicators, which cover
both real and financial activities of economic agents in the USA. Its equations link
the major components of the quarterly production accounts and income national
accounts (NIPA) with the selected indicators. The quarterly forecasts generated by
the model are updated on a weekly basis after the monthly data become available
(Klein et al. 2007).

It is worth emphasising that the GDP forecasting method has been meticulously
designed. The forecasts are prepared taking into account (1) the final demand mak-
ing use of the bridge equations, (2) incomes and (3) the result of GDP regression on
the main components of the key indicators.

With the application of the monthly data to short-term forecasting of the current
and future quarters, short and ultra-short forecasting started to develop in many other
countries, especially in France (cf. Klein 2009).
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3.5.6 The FRB/US Model

The short-term quarterly model of the second generation, FRB/US, was built in
1996. Its construction was inspired by the developments within economic theory
and econometric methods, among which the applications of the intertemporary op-
timization of economic agents’ behaviour and the introduction of rational expecta-
tions should be counted among the most important (Brayton et al. 1997).

The initial version of the model contained more than 250 equations, 40 of which
were stochastic, whose parameters were estimated with ECM. Its structure differed
from the previous models, because the equation blocks were distinguished not by
sectors, but they explained the behaviour of households, enterprises, public institu-
tions and foreign agents.

The model had a mixed orientation. In the short-run, production and employment
were determined by effective demand. Prices and wages were assumed to be sticky
and adjusting only in the long-run. The long-run economic growth was determined
by the supply side factors. Rational expectations had a decisive effect on dynamic
adjustments.

The consumption functions were built on the life-cycle hypothesis, meaning that
the long-run consumption depended on the expected real disposable income, per-
sonal wealth (decomposed by kind) and the rate of capacity utilization, while the
short-run consumption was determined by the lagged and expected consumption
and current real incomes. For the household block of equations, investment func-
tions for consumer durables and residential building were built.

The enterprise block equations were specified based on profit maximization un-
der imperfect competition. The demand for fixed capital was determined by the level
of output in the long run and by a lagged and expected increase in fixed capital in
the short run. Appropriate investment functions were constructed, which separately
treated machinery and equipment. The long-run investment depended on the level of
output and depreciation, negatively on user costs (with calibrated parameters), and
on the estimated output increase. For the short-run investment lags and leads were
introduced, as well as lagged financial resources of corporations.

The model had an extended block of equations explaining financial flows. The
block’s equations took account of the arbitrage equilibria. The model builders as-
sumed that adjustments in this sector were immediate, unlike in the real sector,
where adjustments were costly and so taking a long time.

The above trends in macroeconometric modelling made some of the modelling
centres conclude that the long-term relationships should be specified separately, us-
ing mainly the theoretical results of the optimization of economic agents’ behaviour,
as mentioned above. In this way, the parameters in the long-run equations, for in-
stance those explaining consumer demand and investment, could be calibrated re-
ferring to the relevant economic theory, which would facilitate the construction of
independent submodels. This approach brought the long-term structure of macroe-
conometric models closer to that characterizing the CGE or DSGE models. It was
characteristic of the structure of the “hybrid” models, such as the Central Bank of
Canada and the Bank of England (BEQM) models.
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It is noteworthy that a small forecasting Vector Error Correction model was also
built at the Federal Reserve Bank of St. Louis. It had 6 equations explaining GDP
and deflators and variables representing the money market; 4 cointegrating vectors
were distinguished in it. The accuracy of its forecasts did not diverge much from the
accuracy of other forecasts (Anderson et al. 2002).

3.5.7 The Fair MC Model

The quarterly model of the US economy constructed by R.C. Fair is a vital compo-
nent of a multicountry world economy model containing 39 countries (Fair 2004). It
is the most recent version of the Fair’s models built in 1984 and 1994. High produc-
tivity and low inflation that characterised the US economy after 1994 caused that
Fair has used the MC model in many simulation analyses.

The structure of the model is founded on several assumptions that Fair formulated
in his earlier monographs: (1) macroeconomic relationships should result from mi-
croeconomic relations, (2) the prevalence of disequilibria in particular markets must
be acknowledged, (3) in the financial flows sector several restrictions must be ob-
served (Fair 2004, p. 6).

The model further assumes that households and firms make decisions to solve the
optimization problems. Firms function in a monopolistic competition environment.
Prices and wages do not necessarily clear the markets. In the commodity markets
disequilibria manifest themselves through inventory changes and in the labour mar-
ket via changing unemployment rates. The main source of the disequilibria is fore-
casting errors that develop from the non-rational expectations formed by economic
agents. Fair used the model to test the rational expectation hypothesis—the results
were negative.

The backbone of the model’s financial sector is interest rates. They change be-
cause of changing inflation and unemployment rates.

The above assumptions have been reflected in the specification of the model’s
equations. It has 31 stochastic equations. Their parameters, fitted to a sample begin-
ning in 1954, have been estimated with TSLS. The variables have been assumed to
be trend-stationary.

The households’ block has the following equations: the consumer demand func-
tions for durables, non-durables and services, the investment functions for apart-
ments and residential buildings, and the labour supply functions split by worker
gender and age.

As for consumer demand, it is dependent on net real income, real personal wealth
and nominal short-term and long-term interest rates that have proved superior to the
real interest rates. Besides, three age distribution characteristics have been used. The
equations explaining the demand for durables have been additionally enhanced with
the stock of durables and depreciation, under the assumption about gradual adapta-
tion of demand. The equation explaining residential investment has been specified
likewise.
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To estimate the labour force supply, the coefficients of active population are ex-
plained separately for men and women aged 25–54 years and others. The coef-
ficients’ fluctuations are explained in terms of variations in personal wealth and
unemployment rate (discouraged worker hypothesis). Both impacts have been neg-
ative. In the equations explaining the supply of female and other workers real wages
have been additionally introduced to show the positive effect of substitution.

In the enterprise sector, organizations’ decisions follow intertemporary profit
maximization. The demand for domestic production has been determined from the
difference between final demand and imports. The resulting volume of sales, ad-
justed by inventory changes, has been used to determine the volume of output. An
increase in output determined the desirable relative increase in fixed capital. The
effective increase in fixed capital has been linked to its desired increase, the excess
stock of fixed capital and user costs, taking into account appropriate lags and leads.
It determines investments in the enterprise sector after allowing for depreciation.

The desired increase in employment depends on output increase, allowing for the
estimated employment reserve. It determines the actual size of employment from
the equation of adaptive expectations. Separate equations have been constructed to
explain the average number of the paid regular and overtime hours worked.

An important part of the enterprise sector is the equation explaining producer
prices (deflators). It is of mixed specification. Price levels (expressed in logs) depend
on the lagged prices and wages adjusted for potential changes in labour productivity
and import prices that represent unit costs. The prices are also determined by the
rate of unemployment that has been introduced to represent market pressures; this
approach has turned out to be more efficient than using the estimates of the demand
gap. At the end, a time trend is included. This specification differs from the standard
approach in that the equation explains price levels instead of relative price changes.

The equations explaining average hourly wages have been given a special struc-
ture. In the long run, the ratios between hourly wages and potential labour produc-
tivity have been linked to current and lagged prices (in logs), lagged endogenous
variable and time trend. The impacts of the tensions in the labour market have been
found statistically insignificant.

The model has a standard imports equation. It also has many equations explaining
the changes in the money market. The equations determine the money demand and
interest-rate fluctuations. Most of the equations are dynamic, including the carefully
tested lags and leads.

The model has supported regular forecasting activities and numerous policy sim-
ulations. For instance, it has been used for analysing the properties of the “new
economy” and the possible results of inflationary shocks, and for evaluating the
efficiency of different interest rate setting rules and many others (Fair 2004).

3.6 The Macroeconometric Models of Canada

In Canada and the USA macroeconometric modelling developed almost in paral-
lel. In Canada, among the first scholars to engage themselves in this activity were
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M. Brown and R. Rhomberg. Models were built in the research departments run by
public administration units and the Central Bank of Canada, but also in academic
centres, for instance at the University of Toronto (de Bever et al. 1979). Their char-
acteristics have been summarised in Table 3.1.

3.6.1 The Models of the Government of Canada

The first model of the Canadian economy was built under the leadership of
T.M. Brown at the Department of Trade and Commerce already in 1947; in the
same year it was used for short-term forecasting. It was a small annual model that
contained 13 equations, 6 of which were stochastic. Its successive versions were
similar. Among the 15 equations of the IIIE model 7 were stochastic. Its parameters
were fitted to the data from the years 1927–1940 and 1946–1949 and estimated with
OLS and LIML. The model’s structure resembled the structures of the early Klein
and Klein-Goldberger models. Its special feature was that the consumption function
used the concept of habit persistence developed by Brown (1952).

The next versions of the model had more equations. For instance, the IX model
(1959) had 49 equations, the XIV model built by May (1966) using the 1927–1941
and 1946–1961 sample included 69 equations (11 were stochastic), and the XVI
model built by Kuiper (1970) had 90 equations (20). In the 1980s, the Kuiper’s
model was replaced with a large quarterly model called a Quarterly Forecasting
Model that in 1985 included 668 equations (196 were stochastic). The model in-
corporated an elaborate financial sector and was used for regular forecasting and in
numerous policy simulations.

3.6.2 The Rhomberg Model

The small quarterly model built by Rhomberg (1964) has gained large importance.
Its 19 equations (17 were stochastic) were fitted to the 1952–1959 data and their
parameters were estimated with LIML. The equations explaining the USD/CanD
exchange rates were provided in two variants, distinguishing respectively the float-
ing and non-floating regimes. The model also contained equations explaining US
investments in Canada. It was used in numerous policy simulations.

The next quarterly model was constructed by Officer (1968). It had 108 equations
(50 were stochastic), whose parameters were estimated with TSLS. The sample cov-
ered the years between 1951 and 1962. The model accentuated the openness of the
Canadian economy. It was regarded as the predecessor of the RDX models devel-
oped at the Bank of Canada.
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3.6.3 The Bank of Canada Models

A series of quarterly macroeconometric models RDX (Research Department Exper-
iments) has been built at the Bank of Canada. The RDX 1 model constructed by
the team led by J.F. Helliwell (Helliwell et al. 1969) had 110 equations (50 were
stochastic). It was fitted to the 1952–1965 data and estimated with OLS and IIV.
The equations were tested using dynamic simulations.

The RDX 2 model that was used in the 1970s and 1980s was an important contri-
bution to the development of Canadian macromodelling. Its first version built in the
early 1971 had 258 equations (141 were stochastic) and starting from the second half
of that year as many as 516. The parameters were estimated using OLS (Maxwell
1978). The model was decomposed into 21 blocks of equations, including produc-
tion functions. It was used for forecasting purposes and in many policy simulations.
Its successor was the somewhat smaller RDXF model designed for short-term fore-
casting that had 403 equations around 1980, 208 of which were stochastic.

In the mid-1990s a new quarterly macroeconometric model of the Canadian
economy QPM (the Quarterly Projection Model) was constructed, which replaced
the RDX models (Black et al. 1994; Poloz et al. 1994). Its structure differed from
the earlier “mainstream” models in that it distinguished four main groups of eco-
nomic agents and the associated markets. These were households, enterprises, pub-
lic institutions and foreign agents. For each group of economic agents the long-
term (steady-state) equations were constructed that together formed the SSQPM
submodel. The equations were specified based on the relevant theoretical assump-
tions. Households’ behaviour was explained in terms of overlapping generations
theory developed by Yaari (1965) and expanded by Blanchard (1985). Enterprises
maximized profits under monopolistic competition. After solving the above opti-
mization problems, four main stock variables could be determined: households’ fi-
nancial wealth, enterprises’ capital, public debt and net foreign assets. The stock
variables determined the flow variables, i.e. consumption, savings, investment, pub-
lic incomes and expenditures, etc. The parameters of the long-term equations were
mostly calibrated; as a result, the structure of the submodel became more similar to
the CGE models.

The results of the long-run specifications were used in the QPM model in the
ECM procedures that made it possible to introduce short-term adjustments, includ-
ing the appropriate lags and leads (Coletti et al. 1996). Appreciated by the research
centres of many central banks, this special model structure was used as the un-
derpinning of the “hybrid” macromodels constructed in the UK, New Zealand and
Sweden (Duguay and Longworth 1998). The model found applications in short-term
forecasting and monetary policy simulations.

3.6.4 The University of Toronto Models

The Institute of Policy Analysis at the Toronto University earned an outstanding
position among the Canadian model builders. Between 1968 and 1979, the Insti-
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tute operated an annual model TRACE containing 183 equations, 44 of which were
stochastic. The model was fitted to the 1947–1971 data and the parameters were
estimated with OLS. Its structure was Keynesian (Choudhry et al. 1972). The model
was used for preparing 5–10 year forecasts and participated in the Project LINK
(Sawyer et al. 1976).

In the 1970s, a quarterly model containing around 75 equations, the QFM, was
constructed. It was used for making short-term forecasts, up to 8 quarters (Jump
1972). After 1979 it was replaced with a quarterly medium-term model called
FOCUS (Forecasting and User Simulation) that in 1985 had 250 equations, approx.
180 of which were stochastic (Institute for Policy Analysis 1977). Their number
increased in time to around 300. The short-run dimension of the model was neo-
Keynesian, with stress being laid on price and wage rigidity. This means that the
quantitative adjustments played an important role. In the long run, production was
solely determined by the production factors. The model used a Cobb Douglas pro-
duction function with diminishing returns to scale. Wages were determined from
an extended, nonlinear Phillips curve and prices were shaped by labour costs aug-
mented by a mark-up. The new version of the model, the CE, contained model-
consistent expectations (Dungan 1998).

3.6.5 The CANDIDE Model

In the middle of the 1970s, a large, annual model was built within the Economic
Council of Canada. It was characterised by a high degree of disaggregation and
contained two I-O submodels. Its purpose was to support the medium-term analyses
and forecasts (Preston et al. 1979; Waslander 1979).

The model had numerous versions that were given successive numbers. The
1.1 version had 2049 equations, 616 of which were stochastic. Their parameters
were estimated with OLS and the sample covered the years 1955–1971. The I-O
submodel had 42 identities (Bodkin et al. 1975) and consisted of 8 superblocks and
43 consumption categories. The model was frequently used in policy analyses and
for preparing medium-term forecasts ranging over the next 5–10 years. The sub-
sequent versions of the model were even larger; the 2.0 model had approximately
3000 equations and in the 3.0 model the monetarist concepts were introduced (Bod-
kin 1976).

3.6.6 Other Models

Particular researchers built the macroeconometric models of the Canadian economy
almost in parallel. Noteworthy are the annual medium-size model TSURUMI built
in 1970, which distinguished 4 sectors (Tsurumi 1973) and the MARWAH model
called MOP-CAP (Marwah 1978).

Over time, the large macroeconometric models were constructed. The first of
them was the large quarterly model DRI of the Canadian economy that referred
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to the DRI model of the US economy (Hyndman 1977). The Conference Board of
Canada (1976) sponsored the construction of the quarterly model AERIC. It had
a Keynesian orientation and was used for short- and medium-term forecasting and
policy analyses. In 1982 it was replaced by a large, quarterly model, the MTFM
(Medium-Term Forecasting Model), which regularly supported the preparation of
short-term forecasts and policy simulations (London and Stokes 1982).

The annual model MACE (Macro and Energy) built by Helliwell et al. (1987)
had a special structure. It was supply-oriented and accentuated the energy sector.
The parameters of its equations fitted to the 1955–1980 data were mostly estimated
with TSLS. The model was frequently used in the analyses of economic impacts
generated by the energy sector, especially by the oil-shock in the early 1980s.

3.6.7 Models Constructed in the 1990s and Later

In the late 1990s, the quarterly, medium-sized Canadian Economic and Fiscal Model
was built at the Commerce Department (Robidaux and Wong 1998). It had a neo-
classical orientation and incorporated a Cobb-Douglas production function. Its ex-
tensive public sector was utilized in many simulations analysing the impacts of fiscal
policy.

At the beginning of the 21st c. a small monetarist model showing similarities
to the CGE models was built at the Bank of Canada (Hendry et al. 2003). It was
applied in the studies on the monetary policy effects. Almost at the same time a
small quarterly model NAOMI (North American Open Economy Macroeconometric
Integrated Model) was built. It had a standard structure (Murchison 2001) and 24
equations, of which 6 were stochastic. Their parameters were estimated with FIML.
The properties of the models were compared in an extensive report (Côté et al.
2006).
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Chapter 4
Modelling Activities in Europe.
Macroeconometric Models of the United
Kingdom

4.1 Introduction

Several years from the construction of macroeconometric models in the USA and
Canada, other developed market economies followed in their footsteps. Most impor-
tant developments could be observed in the United Kingdom, France and the Nether-
lands, the cradle of macroeconometric modelling. From there modelling activities
spread over other West-European countries. In the centrally planned economies
model building was of special character; these countries started to move towards the
market economy structure after 1990, when they launched the transition processes.

Generally, macroeconometric modelling in European countries developed fol-
lowing the US pattern. Modelling activities concentrated first in the academic cen-
tres (except for France and the Scandinavian countries) and then within the central
administration and central banks.

The mainstream models prevailed. In the 1980s attempts were made, particularly
in the UK, to depart partly from these models. Rational expectations were explicitly
introduced and neoclassical concepts were applied to model the production sector
as well as the household sector. New estimation techniques were used.1

In the early 21st century, modelling activities tended to concentrate within re-
search institutions and research centres run by central administration bodies and
central banks. The institutions developed multicountry macroeconometric models
of the world economy and more recently of the European Union and Eurozone. In
many countries, the individual country models became the major components of the
multicountry models, such as NIGEM in the UK.

Many models were structured following the neoclassical guidelines. Their blocks
of equations did not contain equations explaining the demand and supply sectors, but
the activities of households, enterprises, public institutions, etc., as well as markets,
for instance, a labour market. The equations were specified according to microeco-
nomic theory.

1The description of this period in the development of macroeconometric activities rests on the
papers published in Bodkin et al. (1991) and Whitney (1994).
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The above approach to modelling initiated a tendency promoted by the central
banks’ research centres towards reducing the differences between the macroecono-
metric models and the CGE models, especially the DSGE models. As a result, the
hybrid models were constructed. The academic centres responded by developing
small submodels making explicit use of the cointegrating techniques.

4.2 First Macroeconometric Models of the UK Economy

The first quarterly model of the UK economy was built under the leadership of
L.R. Klein and J. Ball at the Oxford University in the years 1958–1959. As the
quarterly national accounts were not available then, industrial output, or more pre-
cisely its monthly index developed by R. Stone, was chosen to serve as the major
endogenous variable. The model had a few equations and was used to produce first
forecasts extending to the year 1959 (Klein et al. 1961). The modelling activities
were discontinued after Klein departed for the USA in 1959.

4.3 The Annual Multisectoral Model of the UK Economy

In 1960, Richard Stone and his team began to construct a large annual model of the
British economy within the Growth Project, initially called “Rocket”. The model
was founded on the extensive database of national accounts and its special properties
followed from R. Stone’s earlier contributions. It was highly disaggregated. It made
use of the concept of linear expenditure system (LES) developed by R. Stone in the
block explaining consumption decomposed into several commodity groups. It also
used the I-O relationships. As a result, its static version had several thousands of
equations, around 2000 in the 1960s (Cambridge Department of Applied Economics
1962) and ca. 5000 in the 1980s (Whitley 1994). The aggregation process was based
on the “bottom up” approach.

The linear expenditure system was the first system of demand functions based on
consumer demand theory that was jointly estimated. It distinguished the indispens-
able expenditures and other expenditures financed from excess income.2 Consump-
tion was represented by a system of equations meeting particular side conditions,
such as the additivity of expenditures to income (including savings). In the model,
real expenditures depended on own prices and the prices of substitutes and com-
plementary commodities. This significantly increased the number of the parameters
to be estimated; to reduce it, the Slutsky theorem assuming a symmetric matrix of
substitution elasticities was applied. As a result, the number of parameter estimates
was reduced by half.

In this system of demand functions the number of the jointly estimated equations
could not be large (e.g. from 6 to 8). However, in the equation system expenditures

2More in Suchecki (2006).
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had to be decomposed into 40–60 commodity groups. To achieve this, a multi-step
estimation procedure was applied, where the parameters of the major (say 8) groups
of commodities were estimated in the first step, and then the parameters of the sub-
groups formed by decomposing the major groups. The results were controlled by
means of parallel investigations using panel data on UK households (Welfe 1964).

The linking of the I-O submodels showing the interindustry relationships be-
tween production and prices provided an opportunity for analysing and solving nu-
merous problems. This research was conducted by the team led by J.A.C. Brown.

Solving a system with many thousands of equations was not an easy task. Some
of the procedures used to this end had been already applied to the Brookings Model.
The system was decomposed into recursively arranged blocks that were weakly de-
pendent on each other.

From the moment it was constructed, the model was used in forecasting and pol-
icy simulations. The precision of the medium-term forecasts it generated improved
after the equations were dynamized. Its deep disaggregation enabled highly spe-
cialist, sectoral simulation analyses (Cambridge Department of Applied Economics
1963, 1964).

The model was initially maintained from public funds. In the mid-1970s public
funds ran out, but the newly established commercial institution Cambridge Econo-
metrics led by Terry Barker, a former collaborator of R. Stone, maintained the Cam-
bridge Model all the time (Barker 1976). It became a unique, large, multi-sectoral
dynamic model of the UK economy, which was used for more than 50 years in pro-
ducing numerous sectoral analyses dealing with energy issues, actions to combat air
pollution, etc.

In the mid of the 1970s the Cambridge Economic Policy Group (CEPG) led by
W. Godley developed an annual model mainly aimed at studies of the impacts of
public sector deficit on the fluctuations in current account of the balance of payment
(Cripps and Godley 1976). The CEPG systematically published projections for the
UK economy on annual basis. Because of funding problems it stopped the activities
around 1983.

4.4 The Quarterly Models

In the second half of the 1960s and in the early 1970s many research centres
in Britain began to construct macroeconometric models. Six quarterly models
were built, 5 of which are still maintained.3 Their structures were influenced by
L.R. Klein. They were mostly demand determined and explained consumer demand,
investment demand and employment. (See Table 4.1 for their concise descriptions.)

3In the early 1970s, an attempt was made at the Southampton University to construct a multi-
sectoral, quarterly model. The project was discontinued in the mid-1970s and was never completed.
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4.4.1 The London Business School (LBS) Model

London Business School promoted the praxis-oriented research. It had on its staff
outstanding scholars in the field of macro-modelling, who afterwards strengthened
other, mainly public research centres. Under the leadership of J. Ball, a quarterly
model of the UK was built with the data compiled for the national accounts (Ball
et al. 1975). Its original structure was influenced by the Klein-Goldberger and early
Wharton models. The model was used in regular forecasting and the first forecast it
produced was presented in 1966. Although most of the forecasts were short term,
their horizon was sometimes extended to 10 years. The model served the purpose of
forecasting for the next 30 years.

Other, mainly public institutions cooperating with the LBS scholars constructed
macroeconometric models almost at the same time. The institutions successfully
trained their own staff and continue to maintain their models (Ball and Holly 1991;
Whitley 1994).

4.4.2 The National Institute of Economic and Social Research
(NIESR) Model

The NIESR became involved in forecasting the UK economy early on, as it started
to publish forecasts based on individual equations in 1959. Its subsequent forecasts
were produced using a quarterly model, which was built in the early 1970s (Byron
1970). The model earned very high reputation and was, and still is, used in many
policy simulations and in making regular quarterly forecasts which are published in
British journals.

4.4.3 The H.M. Treasury Model

In the 1970s, public institutions built new quarterly models serving practical pur-
poses. The most important of them was the H.M. Treasury model, constructed
mainly in order to prepare forecasts. R.J. Ball and J. Eaton from LBS helped to build
a large macroeconometric model, which was used in regular forecasting since the
mid-70s (Shepherd et al. 1975). Later on, the model was involved in the preparation
of fiscal and monetary policy simulations. An iterative procedure was applied, as in
the Dutch case. Policy assumptions defined by the top administration were “sifted”
through the model and the outcomes were reported to the officers in the major de-
partments. Corrections were invited and following their implementation the final
result was obtained, either as updated model-based forecasts or policy simulations
subject to further analyses, if necessary. At the end of 1970s, the model had approx.
600 equations and was larger than the quarterly LBS model (280) and the National
Institute model (150) (Melliss 1986).
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4.4.4 The Bank of England Model

In the middle of 1970s, the Bank of England made a long postponed decision to
build its own model in order to analyse the monetary policy effects (Patterson et al.
1987). Because its monetary policy in the earlier years was neutral, it did not have
any major impact on economic growth; however, the shocks in the early ‘70s showed
that monetary policy may be of significance. Many studies investigating the role
of interest rates indicated that their adjustments were an important tool that could
either stimulate or curb consumer and investment expenditures, so ignoring them
was not reasonable. In the same period the UK’s exchange rate policy radically
changed with the replacement of a rigid exchange rate linked to the US dollar for
a flexible exchange rate. It was realized then that the exchange rate movements
could be explained by the domestic interest rate changes vis-à-vis the changes in
the interest rates in other countries. A relative growth of the domestic interest rate
attracts foreign speculative capital, which puts the domestic exchange rate under
pressure. Because of the findings, the UK Central Bank became interested in having
an effective instrument for analysing the likely impacts of monetary policy.

In the 1970s, the “traditional” British economists frequently questioned, like their
US colleagues, the accuracy of the model-produced forecasts. The reservations par-
ticularly concerned the forecasts’ low predictive value in the period of oil shocks.
As a result, the institutions using the models ran into financial troubles, which af-
fected their research activity and the capabilities of maintaining (the availability
of efficient computers) and using their models. These difficulties were overcome
when the Social Science Research Council established the Macroeconomic Mod-
elling Consortium. The Consortium assumed responsibility for financing research
dedicated to macromodelling. This solution allowed the existing centres to maintain
their models, as well as enabling the establishment of new centres.

4.4.5 The Liverpool University (LPL) Model

In the same years, a new macromodel was built at the Liverpool University. It was a
small quarterly neoclassical model accentuating the money sector where rational ex-
pectations were used to explain the UK money market. Constructed for the purpose
of monetary policy analyses (Minford et al. 1984), the model is used still today.

In the 1980s a small annual model of the UK economy with 60 endogenous vari-
ables called CUBS (City University Business School) was built by M. Beenstock.
It was oriented to deep specification of the supply sector of the British economy
(Beenstock et al. 1986). Its critical analysis can be found in Whitley (1994).
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4.5 From Keynesian to Neoclassical Specification

4.5.1 Supply Side and Production Functions

The decade from the mid-1970s to the mid-1980s was characterised by a slow depar-
ture from macromodelling based on the Keynesian approach. Indeed, while the ma-
jority of macromodels retained blocks of equations generating consumer demand,
investment demand and employment, it was emphasised that the supply side was
weakly represented. As a result, the model builders decided to extend the blocks
describing the supply sector. The neoclassical views were used as the theoretical
underpinning, particularly in relation to the concept of production function as the
major instrument for generating production supply. However, the direct use of the
production function was very rare in the models, because no characteristics were
available to generate potential output and the corresponding capacity utilization
rates. It took time to overcome this difficulty, so the production functions were ex-
plicitly specified in a few models only. The NIESR model was the only one where
the production function concept was broadly applied. Its production function was
built using a vintage approach. The consecutive vintages of fixed capital were dis-
tinguished, with productivity declining with passing time. This allowed the NIESR
model to estimate the differences between the total demand for domestic products
and their supply, i.e. the occurring market tensions and their impact on price deter-
mination, imports and inventory changes (Wren-Lewis 1988).

In the HMT and OEF models, the Cobb-Douglas production function was used
indirectly and in the LBS model the capacity utilization rate was calculated using
fixed capital-output ratios.

4.5.2 Modelling Labour Markets

In the mid-70s researchers realized that using the production function was not suf-
ficient to characterize the supply side of the economy and that a key role should be
given to a system of equations explaining prices, wages and exchange rates. Price
equations were initially specified following the American models; prices were de-
termined by unit costs, mainly the costs of labour. At later time, when information
on the capacity utilization rates became available, this variable was introduced to
serve as a determinant of mark-up changes. The most important contributions of
the English econometricians concerned the modelling of subsystems explaining the
labour market changes and especially their implications for wages.

A.W. Phillips has shown in his seminal paper that the rate at which wages grow
depends on the rate of unemployment. Higher unemployment rate weakens the
claims for wage rises. Named the Philips curve after its author, this specification has
become quite common. However, subsequent studies on labour markets changed
this perspective. In the middle of 1980s, the labour market modelling activities were
developing at the Centre for Labour Economics, under the leadership of R. Layard
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(Layard and Nickell 1985). After long discussions it was agreed that the changes in
inflation rates were fully absorbed by changing nominal wages, meaning that nomi-
nal wage elasticities with respect to consumer prices are equal 1. Therefore, models
should explain real wages and not nominal wages.

As a result of the above studies, it became necessary to recognize that real wages
are formed in the course of negotiations involving employers and trade union repre-
sentatives. The negotiations are affected by factors determining both labour demand
and labour supply, unemployment rate being one of the most important among them.
Growing unemployment rate weakens the bargaining position of the trade unions.
The demand-side factors are output and labour productivity, and the supply-side fac-
tors include immigration. This new understanding resulted in major modifications
to the specification of the equations explaining real wages: their long-run level was
made dependent on labour productivity and the rate of unemployment. In the 1980s,
the changes were being introduced into the British models on a rising scale.

Besides, the above developments made possible the determination—after appro-
priate theoretical transformations—of the potential unemployment rates, mainly of
the natural rate of unemployment related to workers’ changing jobs, places of res-
idence, etc. The concept of non-accelerating rate of unemployment (NAIRU) was
formulated after the relations determining wages were linked to price changes. With
the development of techniques for calculating the NAIRU, the concept spread all
over the world.

4.5.3 Rational Expectations

The Lucas critique was followed by a departure from the classical Keynesian ap-
proach to model building. Its manifestation was the attempts to utilize the informa-
tion on economic agents’ expectations, particularly in order to explain prices, wages
and exchange rates. Most promising was the concept of rational expectations for-
mulated at that time. The concept assumed that economic agents behaved rationally
and were forward looking, i.e. that their expectations were model consistent. This
assumption seemed realistic as long as it concerned large corporations with research
departments that could optimize their behaviour. Its applicability to small firms and
households seemed rather doubtful, though. As a result, many model builders re-
mained sceptical. They were of the opinion that adaptive expectations, i.e. expecta-
tions formed using past experiences, were more justified on the empirical grounds.
The experience gained recently has greater weight than one gained in more distant
past. This regularity justified the use of lag distributions with declining weights.

In the 1980s, expectations were widely introduced into the British models, but
their character and use differed significantly, mainly reflecting the model builders’
preferences. Most public institutions were sceptical about rational expectations. The
HMT and Bank of England models incorporated adaptive expectations. The aca-
demic institutions’ models, such as the Liverpool, LBS and NIESR models, used
the hypothesis of rational expectations. The expectations played an important role
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in modelling the financial markets. They had an immediate impact on the market
for bonds and shares, determining also effective changes in the exchange rates. The
situation in the other markets is considerably different. Prices in the commodity
markets, likewise wages in the labour market, change with long lags when affected
by expectations. To account for this, many models reached for the adaptive expec-
tation hypothesis and introduced appropriate lag distributions. In the NIESR model,
the expectations codetermined also output. The effective output depended on pro-
ducers’ expectations of the demand for their products, but not on demand itself.
Thus generated output determined investments, inventory changes, etc., increasing
the accuracy of forecasts (Holden and Peel 1985).

The above changes were implemented in the successive versions of the LBS
model (Budd et al. 1984). Much attention was given to the introduction of rational
expectations (Hall and Henry 1986). The next respecification of the model took
place at the end of the 1980s (Dinesis et al. 1989).

4.6 Developments in the Last Twenty Years

4.6.1 The Oxford Economic Forecasting Model

In the late 1980s, the quarterly Oxford Economic Forecasting (OEF) model main-
tained by a commercial institution entered the group of models characterised in the
section above. It was a medium-sized model comprising 325 equations, with adap-
tive expectations, whose structure followed one of the versions of the HMT model.
The model was used to generate forecasts and to perform policy simulations (Bur-
ridge et al. 1991).

4.6.2 Reconstruction of the LBS Model

In the second half of the 1990s, macroeconometric modelling changed even more
significantly. The blocks of equations in the supply sector were extended and estima-
tion procedures making use of the cointegration analysis were applied more widely.
The most important was the reconstruction of the quarterly LBS model, as a result
of which a new version of the model was built (Allen et al. 1994). The equations
in the supply sector found a new theoretical underpinning. It was the results of cost
minimization. A system of equations with jointly estimated parameters was devel-
oped. The system contained producer prices, prices and the demand for production
factors. This version of the LBS model included the learning mechanism in addition
to rational expectations (see also Garratt and Hall 1997).

It is worth noting that an alternative specification of the consumption function
was introduced into the new LBS model. In the traditional specification, household
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demand depends on real disposable income, personal financial wealth and inter-
est rates. The alternative approach uses a special notion of permanent income that
is close to the long-life hypothesis and distinguishes between credit-constrained
households and households having free access to credit. For the first group, con-
sumer demand is determined by real incomes. In the second group, consumption
depends on the expected, discounted, current and future earned income (expected
human wealth), the stock of real financial and physical wealth (asset wealth) and
interest rates.

Following the analyses of the alternative concepts of monetary policy rules, it
was decided that the nominal interest rates should be treated as functions of the
rates of inflation.

Although long-standing and successful, the LBS model was abandoned in the
early years of the 21st c., the main reason being financial problems.

4.6.3 The COMPACT Model

In the mid-90s, a small, quarterly model of the UK economy, COMPACT, was con-
structed at the University of Strathclyde. Its 3.0 version had more than 25 stochastic
equations whose parameters were estimated using OLS with ECM specifications, as
appropriate. The main goal underlying its construction was to implement macroeco-
nomic theory to facilitate policy analysis (Wren-Lewis et al. 1996). This was a neo-
Keynesian model where the nominal rigidities were linked to model consistent wage
and price determination. In the short-run, output depended on final demand. The
consumption function was derived from intertemporal optimisation to explain the
behaviour of the credit-unconstrained households, whereas the other households’
behaviour depended on real incomes. In the medium-term, the model referred to
the vintage production technology. The foreign trade equations were also extended,
using variables showing the relative quality and variety of the traded products. The
forward expectations variables treated as rational or model-consistent expectations
were widely used. The model was mainly used to produce various policy simula-
tions (Darby et al. 1999).

4.6.4 The Bank of England Models

Towards the end of the 20th c., a new quarterly model MM (Macroeconomic Model)
was built at the Bank of England (Harnett and Patterson 1989). It was to serve as
an instrument supporting regular forecasting activities and simulation analyses of
monetary policy outcomes (Bank of England 1999, 2000). The model distinguished
long-term relations from short-term adjustments. Expectations were introduced only
occasionally. In the long-run output was determined from the Cobb-Douglas pro-
duction function and in the short-run it was determined by final demand. Consumer
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demand depended on real disposable income, personal wealth and real interest rate
and in the short-run on the rate of unemployment. Investment was dependent on
GDP and user costs lagged by 4 quarters. The model had extended blocks of equa-
tions that explained the monetary and fiscal sectors, as well as prices and wages.
Used as an important monetary policy instrument, the model remained in the main-
stream macroeconomic modelling for many years (cf. Taylor 1993).

At the beginning of the 21st c., a new quarterly model was constructed at Bank of
England. It substituted the medium-term model MTMM and represented a radical
departure from the mainstream models used so far. This new construct was designed
for the Monetary Policy Committee, as a refined instrument serving macroeconomic
analyses and forecasts (Bank of England 2004).

Because its builders intended to take account of the most recent contributions
to macroeconomic theory, the model was split into two submodels. The first sub-
model represented the steady state constituting a theoretical basis for specifying
the long-term relationships, while the second one was a system of dynamic adjust-
ment equations, where public interventions could be accounted for with appropriate
parameter changes. The model broadly dealt with expectations, mainly with those
related to expected incomes, prices, exchange rates, etc. They were assumed to be
rational, whenever appropriate.

The point of departure for the theoretical submodel was the maximisation of
economic agents’ goals under the relevant dynamic restrictions. The submodel can
therefore be viewed as a special form of a dynamic general equilibrium model. It
seems that its weak point was the calibration of the parameters of the major equa-
tions, likely to move the long-term trajectories away from the trajectories represent-
ing observations. It is noteworthy that in all previous models the parameters of the
long-term relationships were estimated from relevant samples. The dynamic sub-
model was to explain why the paths generated by the theoretical submodel and the
observed paths diverged from each other, so lagged and/or additional variables can
be found in its equations, as well as indicators reflecting the impacts of changing
economic policy.

The model consisted of several blocks of equations explaining the behaviour of
households, enterprises, public institutions and foreign agents, of the commodity
and labour markets, and of broadly treated financial markets (Harrison et al. 2005).

4.6.5 ESRC Macroeconomic Modelling Bureau

The Warwick University’s Bureau of Macroeconomic Modelling led by K.F. Wallis
has significantly contributed to the development of macromodelling activities in the
UK. Between 1983 and 2005, the Bureau successfully carried out many research
projects involving the comparative analyses of the forecasts generated by the mod-
els run by 6 modelling groups in the UK (Fisher et al. 1989). It also conducted
numerous studies into the effects of economic policy. The studies were based on
simulations performed with the above models that were deposited at the Bureau.
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The major findings from these research projects were presented in a series of mono-
graphs that K.F. Wallis edited in the second half of 1980s (Wallis et al. 1987, 4th
Report). Computer also the paper by Church et al. (2000).

4.6.6 The Long-Run Structural Macroeconometric Model

At the beginning of the 21st c., an original research project was undertaken at the
Department of Applied Economics, University of Cambridge. Its purpose was to es-
tablish the rules for constructing structural macroeconomic models that would ap-
ply the VAR methodology using the cointegration relationships. This effort brought
many methodological achievements (Garratt et al. 2003). The research results were
described in an impressive monograph (Garratt et al. 2006).

The above methodology was applied to construct a small structural model of the
UK economy—SVPR. The model was based on the theoretical considerations and
distinguished five cointegrated (long-term) relations, as well as short-term relations.
The long-term relations included equations explaining prices, exchange rates, in-
terest rates and production. The explained variables were defined in terms of the
differences between the values of the above variables for the UK and the rest of the
world, which implied that the “world” variables were also endogenous. This speci-
fication was rather peculiar. The real money stocks and real interest rates were also
explained in the model. Contrary to its authors’ intentions, the system represented a
model explaining the money markets rather than the UK economy.

The way of estimating the model parameters was highly sophisticated and em-
ployed the state-of-the art econometric techniques. However, the approach was only
applicable to the small systems. Further methodological and numerical contribu-
tions are necessary before it can be used in constructing large macroeconometric
models.

The properties of the above structural model SVPR were compared with the prop-
erties of the structural model COMPACT, a macroeconometric model of simultane-
ous equations. No evidence was found pointing to one of the models being superior
to the other (Jacobs and Wallis 2005).
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Chapter 5
Models of the French Economy

5.1 Annual Models and Indicative Planning

5.1.1 FIFI Model

In France, macromodelling activities had different origins than in the USA and the
UK. Their development was a response to the clearly articulated needs of indicative
planning and forecasting of the major components of national accounts that were to
be used to prepare the government budget. The initially constructed five-year plans
used the time series of the relevant variables and the input-output tables. Between
1966 and 1968, the INSEE team led by R. Courbis constructed a large, multisec-
toral model FIFI (Physical-Financial), which was dedicated to the VI and VII Plans
(Aglietta and Courbis 1969). The model was subsequently extended to 2000 equa-
tions to support the preparation of the VII Plan (Aglietta et al. 1973; Bussery et al.
1975).

The theoretical underpinning of the FIFI model was the theory of “competi-
tioned economies” (économies concurrencées) developed by Courbis (1973). The
theory distinguishes between two major sectors—a sheltered sector and a sector ex-
posed to foreign competition. In the sheltered sector of the model, production was
determined by demand; it affected the required investments and profits that influ-
enced prices, being otherwise cost determined. This approach revealed the dom-
ination of the Keynesian mechanism. Production in the exposed sector depended
on production capacity that expanded following new investments. The balance be-
tween production and demand was obtained from relevant changes in foreign trade
(mainly imports). Prices were determined by the world prices. Rising prices con-
strained profits and consequently investments activities and production increase.
The decisive role in the system was played by the dynamics of the exposed sec-
tor.

W. Welfe, Macroeconometric Models,
Advanced Studies in Theoretical and Applied Econometrics 47,
DOI 10.1007/978-3-642-34468-8_5, © Springer-Verlag Berlin Heidelberg 2013
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5.1.2 The Annual Forecasting INSEE Models

The relevant elements of the national accounts were forecasted using a series of an-
nual models. The first was ZOGOL that P. Herzog and G. Olive built at the INSEE
and the Direction de la Provision in the years 1965–1966 (Herzog and Olive 1966).
It was a one-sector, medium-size static model displaying Keynesian orientation. It
was dynamised in the next annual model called DECA (Demande et Comportment
d’Autofinancement), which contained around 200 equations (Billaudot 1971; Mal-
grange 1972). Between 1969 and 1972, the DECA model was used in forecasting the
components of the national accounts. Because the model assumed that firms tended
to self-finance their investment outlays, the specification of the investment functions
had to be appropriately changed. Wages were endogenized using the Klein-Phillips
relationship. The model was mainly used in short-term forecasting stressing the role
of final demand. Compare also Nataf and Thonet (1962).

The next annual model STAR (Schema Theorique d’Accumulation et de Repar-
tition) was constructed in order to handle the medium-term problems becoming a
dominating element of economic policy. The model was operational in the years
1974–1977. It supported the forecasting of the relevant components of the national
accounts (Boulle et al. 1974). Its authors laid emphasis on the specification of fi-
nancial flows. Firms’ profits affected investment activities that depended on output
and the initial stock of fixed capital. Respective price adjustments were clearing the
commodity markets.

Following the change in the system of national accounts, the STAR model was
replaced by the annual model COPAIN (Comportements Patrimoniaux Intégrés),
which was constructed in 1981 (Dehove et al. 1981). In response to the need to anal-
yse the capital accumulation problems arising from the 1973 oil shock, the model
was enhanced, so that an integrated analysis of financial flows became possible.
The specification of the real sector remained Keynesian. However, several modifi-
cations were made compared with its predecessor. Personal wealth was introduced
to the consumption function, the imports function was modified, interest rates were
endogenized and the financial sector was integrated. It was essentially a one sec-
tor model, but its equations explaining production and foreign trade distinguished
between the manufacturing industry and other industries.

5.2 Annual Models of the Second Generation

In the mid-70s, annual models of the second generation were built. Those were
the DMS model constructed at the INSEE in the years 1974–1978, the MOGLI
model built between 1974 and 1978 at GAMA, and the OFCE and HERMES-France
models developed in the early 1980s (Fonteneau 1983).
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5.2.1 The Annual DMS Model

The DMS (Dynamic Multi-Sectoral Model) was designed to replace the FIFI model
(Fouquet et al. 1976). Its successive versions were used for economic analyses and
contributed to the preparation of the VII, VIII and IX Plans (see Table 5.1). The
depth of its disaggregation was comparable with the FIFI model and corresponded
to the structure of national accounts. The model stressed the role of profits as a
factor in financing investment and price formation. It also accentuated the role of
production potential and supply, as the determinants of net exports. An increase
in domestic demand resulted—given the domestic output—in the adjustments of
exports and imports.

In general, the DMS was a Keynesian-oriented model, in both short and medium
term. Output and employment were determined by effective demand. The struc-
ture of prices enabled the generation of appropriate profits and investment funds
(Charpin and Fouquet 1982).

In the 1980s, the DMS model supported the attempts aimed at optimising the
preparation of the VIII and IX Plans.

With a view to facilitating simulation analyses, two simplified versions of the
model were built: the MINI DMS with ca. 200 equations and the MICRO DMS
containing 30 equations. These abridged models were also used to run long-term
simulations (Brillet 1981, 1993). The DMS model served as the major instrument
assisting policy simulations and medium-term forecasts for many years, until it was
abandoned at the beginning of the 21st c. Some of its functions were taken over by
the French economy model being part of the world model built at the INSEE.

5.2.2 The Annual GAMA Models

The MOGLI model (Modèle Glissant) was constructed in the years 1974–1978
at GAMA (Group d’Analyses Macroeconomic), Paris-Nanterre University, under
the direction of R. Courbis. It was an annual, multisectoral, dynamic model of the
French economy (Courbis 1982; Courbis et al. 1982).

Unlike the DMS model, MOGLI showed the Keynesian orientation only in the
short run. In the long run, it followed the concept of économies concurrencées.

Hence, in the long run production was determined by production potential, i.e.
by the expected investments. Prices depended on world prices and not on the unit
costs. The author of the model made some attempts to endogenize its public and
banking sectors. The model supported regular forecasting and simulation analyses
preceding the construction of consecutive Plans.

Towards the end of 1970s, the regional REGINA model was built at GAMA
(Courbis 1979). It was used in preparation of the VII Plan. Its simplified version,
mostly dynamic called REGIS was constructed for 8 regions. In the next years, the
multisectoral I-O model ANAIS with 90 branches was added to the group of models
characterised above (Courbis and Sok 1983). It was supplemented by a quarterly I-O
model TAIS with 36 branches.
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5.2.3 Other Annual Models

The annual OFCE model that drew on the MINI DMS model was built in the years
1982–1983. It was extended with large production and financial sectors and served
in many simulations of the money market policy (Boutillier and Durand 1986). The
annual model HERMES-FRANCE was constructed between 1980 and 1984 at the
Ecole Centrale de Paris as a component of a multicountry model being developed
for the European Commission. Built after the oil shocks, the model stressed the role
of the energy sector and accounted for the impacts of energy prices on economic
development. Its general structure resembled the DMS model. It was highly disag-
gregated and had approximately 1500 equations (Faubry et al. 1984). Compare also
the structure of the model AGORA (Peaucelle et al. 1981).

5.3 Quarterly Models of the French Economy

At the beginning of the 70s a small quarterly model SIMPLET was built at the
Bank of France. Showing similarities to the American St. Louis model, SIMPLET
had a monetarist orientation and only 7 equations (David 1975). The large quarterly
models of the French economy were constructed in the mid-70s, nearly 10 years
after their annual predecessors.

5.3.1 The METRIC Model

With the quarterly national accounts of the French economy becoming available, a
large quarterly macroeconometric model of the French economy METRIC (Modèle
Économétrique Trimestriel de la Conjuncture) was constructed at the INSEE (Nasse
et al. 1977). Because of sectoral disaggregation, the first version of the model had
400 equations already in 1977. Following the extension of its supply sector in the
mid-80s, the number of equations grew to 950 in the model version called MET-
RICX (Bloch et al. 1988).

The model had a neo-Keynesian structure. In the short-run, output and employ-
ment were determined by expected demand. An important role in the specification
of its equations played consumer and producer expectations that were based on the
survey results. The model acknowledged the existence of disequilibria in the com-
modity, labour and financial markets (Artus and Volle 1982).

To facilitate policy simulations, the reduced versions of the model were con-
structed, which were called MINI-METRIC and MICRO-METRIC (Deleau et al.
1984).

After the METRIC model was constructed, other large quarterly models of the
French economy were built in the 1980s (Artus et al. 1986). The OFCE model fol-
lowing the MINI-METRIC model was added an elaborated block of financial flows
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(Sterdyniak et al. 1984). The ICARE (Ipecode—Cadre pour l’Analyse Réflexion
Economiques) model was a large quarterly model, which was mainly designed to
describe the real sector (6 industries were distinguished). It additionally included an
extended block of equations explaining tax incomes in relation to the financial be-
haviour of enterprises (Dumazet and Khong 1989). Compare also the financial
model DEFI (Villa 1982).

5.3.2 The PROTEE Model

The PROTEE (Projection Trimestrielle de l’Évolution Économique) model was built
at GAMA (Courbis and Salmon 1986). It was used since 1987 mainly to prepare
short-term forecasts that were updated on a monthly basis. Its structure resembled
the MOGLI model. Demand determined in the short-run, in the long run the model
showed supply orientation.

A system of short and hypershort forecasts (monthly and weekly) was developed
at GAMA being based on a monthly model EDMEE of GAMA. It uses monthly
indicators and also monthly variables in terms of national accounts. This model
supplied the necessary information that was next used in quarterly forecasting based
on the PROTEE model. A medium-term version of the model was also available
(Courbis 1997).

5.4 Disequilibrium Models

In the second half of the 1980s the first attempts were made to construct the dis-
equilibrium models. M.J. Vilares built his annual model of the French economy,
assuming constraints in the production sector (Vilares 1986). The quarterly dise-
quilibrium models that were constructed afterwards allowed distinguishing periods
with prevailing either classical unemployment or Keynesian unemployment (Artus
et al. 1984). The contributions were crucial for the development of macroeconomet-
ric disequilibrium models in Europe, which are characterized in the next chapters.

A comparative analysis of the five models of the French economy maintained in
the 1980s was presented in a special issue of “Economie et Prevision” (1998).

5.5 Models Built in the Last Twenty Years

In the 1990s, the Ministry of Finance, Division de la Prevision, and the INSEE
continued their research on the quarterly models (Courbis 1991). By the end of the
decade a new quarterly model AMADEUS drawing on the METRIX model was
constructed (Michaudon and Prigent 1998).
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5.5.1 The MESANGE Model

The large quarterly MESANGE (Modele Econometrique de Simulation et d’Analyse
Genérale de l’Economie) model was built at the threshold of the 21st c. (Allard-
Prigent et al. 2002). It was a large model with a small number of stochastic equa-
tions, where four groups of economic agents and three groups of industries in the
producer sector were distinguished. Its short-run dimension was Keynesian: produc-
tion and employment were determined by final demand. The model had an extended
supply sector with equations based on profit maximization. Prices were determined
by labour and capital costs, and wages by retail prices, labour productivity and
unemployment rate.

The MESANGE model has been systematically used in forecasting and simu-
lation analyses for government institutions. Because it belongs to this class of the
medium-size quarterly models that require highly-specialized staff to be run, it has
been only accessible to the research departments of government agencies. It is still
in use.

5.5.2 The MANEGE Model

To facilitate the potential business users or users at research institutions to take ad-
vantage of the macromodels, at the beginning of the 21st c. N. Carnot built a small
quarterly model of the French economy called MANEGE (Modele Agrege National
pour l’Etude General de l’Economie) (2002). The model can be viewed as coun-
terpart to the earlier mini-models of the French economy. Its equations explaining
consumer demand and investment demand display Keynesian orientation, however
those determining the supply side have been derived from the neoclassical concept
of profit maximization under monopolistic competition. The model includes equa-
tions determining producer prices, wages and demand for production factors, assum-
ing the CES technology and constant returns to scale. The wage equations represent
the negotiations between producers and trade unions. The rates of unemployment
are determined by both prices and wages. The expectations are adaptive.
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Chapter 6
The Dutch Macroeconometric Models

6.1 Introduction. J. Tinbergen’s Contributions

The Dutch macroeconometric modelling started with J. Tinbergen’s early contri-
butions. In 1936, Tinbergen constructed the first model of Netherland’s economy
and described its business cycle (Tinbergen 1937). The model was a precursor of
Tinbergen’s famous model of the USA that he built for the League of Nations (see
Chap. 2).

It was not until 1953 that the Central Planning Bureau headed by J. Tinbergen
constructed the first new-generation model of Netherland’s economy. The institu-
tion continued to build macromodels that were maintained into the mid-70s. These
were small, annual models whose structures were influenced by Tinbergen’s contri-
butions. From their beginning through the 1970s, they served as major instruments
supporting the construction of successive development plans for Dutch economy.

6.2 Annual Models of the Central Planning Bureau (CPB)

6.2.1 The Verdoorn-Koyck Model

The annual CPB models can be identified by the years of their construction, starting
with 1953. The annual model of 1955 constructed by the team led by P.J. Verdoorn
and L.M. Koyck used a sample containing mainly the pre-war data, likewise the
next models of 1961 and 1963D (Verdoorn et al. 1970). All the models initially
had similar specifications. Consumer demand was determined by real labour in-
come and other incomes, lagged consumption (Brown’s habit-formation approach),
prices, as well as by deposits constituting a composite characteristic of households’
financial assets. In the early investment function investment activity depended on
output (flexible accelerator), but the next model versions used the neoclassical spec-
ification where investments depended on financial resources (profits, etc.), prices

W. Welfe, Macroeconometric Models,
Advanced Studies in Theoretical and Applied Econometrics 47,
DOI 10.1007/978-3-642-34468-8_6, © Springer-Verlag Berlin Heidelberg 2013
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of investment goods and financial assets, and in the long-run on the rate of capac-
ity utilization represented by the rate of unemployment. Prices were determined by
the major components of costs. It must be emphasised that all relationships in the
model were expressed through rates of growth, as opposed to the initial versions,
where relationships were defined in terms of first differences.

6.2.2 The CS, VINTAF and FREIA Models

In the second half of the 1960s C.A. van den Beld constructed a medium-term CS
model with explicit production functions that were used to generate production ca-
pacity utilization rates (Van den Beld 1968). The model represented an intermediate
stage towards the building of the second-generation models, whose major represen-
tative was the annual VINTAF model that H. Den Hartog and H.S Tjan constructed
in the mid-1970s, which was afterwards updated to VINTAF II. The characteristic
property of the VINTAF models was that the vintage approach was introduced into
the production functions. Fixed capital was obtained as a weighted sum of machin-
ery and equipment, the weights representing declining rates of growth. The demand
for labour was determined by rising fixed capital-labour ratios (Den Hartog and Tjan
1976).

In early 1980s the VINTAF models were substituted by an annual model called
FREIA, where the VINTAF’s real sector was combined with a new submodel of
financial flows (Hasselman et al. 1983). The data used in the FREIA model covered a
period going back to 1954. The new thing about this medium-size model (exceeding
300 equations) was that employment in the real sector was determined as a weighted
sum of labour demand and supply. The disequilibria in the financial sector were also
allowed for (interest rates did not bring the money markets into balance).

6.3 The Quarterly CPB Models

6.3.1 The Driehuis Model

The necessity to construct quarterly models was recognized as early as the begin-
ning of the 1970s. The first small quarterly model built by W. Driehuis used the
1951–1964 data (Driehuis 1972). Being generally a demand-oriented model, it used
many neoclassical elements to specify the investment and employment equations.
For details cf. Table 6.1.

6.3.2 The KOMPAS, FREIA-KOMPAS and FKSEC Models

In the early 1980s, the Driehuis model was substituted by a large, quarterly KOM-
PAS model built under the direction of P.J.C.M. Van den Berg. The model had a vin-
tage production function and a large block of equations to explain financial flows,
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including the securities and insurance markets. The model was very dynamic and
used many lag distributions, also the Koyck transformation.

The KOMPAS model was merged with the FREIA model around the mid-1980s,
as a result of which the large quarterly model FREIA-KOMPAS having more than
500 equations came into being. The specification of its particular equations was
generally improved in some cases. For many years, the model served as a forecasting
tool and an efficient policy simulation instrument (Van den Berg et al. 1987).

The quarterly FKSEC model constructed in the early 1990s was a continuation
of the FREIA-KOMPAS model.

6.4 The CPB Models in the 1990s and Later

In the 1990s new versions of the CPB models were prepared (Broer et al. 1998). It is
worth noting that CPB’s macromodelling activity was characterised by evolutionary
improvement of model specifications that responded to new needs, and by limited
absorption of innovations introduced by foreign research centres (Barten 1991). In
the second half of the 1990s several new models of various orientations were built
at the CPB (Broer et al. 1998).

6.4.1 The JADE Model

In the last years of the 1990s the new, large annual model JADE (Joint Analysis of
Dynamics and Equilibrium) was introduced, which was primarily treated as an in-
strument serving policy simulations. The model distinguished the exposed and shel-
tered industries, and the building industry. Employees were divided into two groups
by their educational attainment. Its short-run dimension was demand determined,
while in the long-run the specification was based on the neoclassical theory of pro-
duction. In the estimation process, the long-term relations were treated separately
from the short-term adjustments; the ECM techniques were employed (Huizinga
1998).

6.4.2 The ATHENA and MIMIC Models

The multisectoral model ATHENA constructed in the mid-1980s (1900) expanded
over the next 15 years to ca. 7500 equations (CPB 1990). It had an extended I-O
block and a block for the financial flows of the institutional sectors. The model
included sectoral vintage production functions. Used mainly for sectoral analyses, it
also helped prepare the medium- and long-term scenarios of economic development
(Vromans 1998).
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Another noteworthy model is the long-term general equilibrium model MIMIC.
It contained extended submodels explaining the labour market, financial flows
and particularly the social insurance system. The model was used during studies
in preparation of the fiscal system reform and within the unemployment studies
(Graafland and de Mooij 1998).

6.4.3 The Model SAFE

In the late 1990s the FK SEC model was replaced by the quarterly model SAFE
designed for the purpose of short-term forecasting (up to 3 years) and economic
analyses (Donders and Lunsing 1999). The structure of the SAFE model resembled
that of JADE’s, but sectoral decomposition and the estimation of the production
function were abandoned. However, the model generated the capacity utilization rate
affecting prices and exports. The demand for the production factors was obtained by
solving the enterprises optimization problem. The investment function was specified
taking account of real user costs and profits, in addition to output. The demand for
labour was determined by output (weighted by labour-output ratios) and the relative
labour costs.

6.5 The MORKMON Model of the Central Bank

At the beginning of the 1980s the quarterly model MORKMON of the Dutch
economy was built at the Central Bank of Netherlands under the direction of
M.M.G. Fase. In the first version of the model the data sample covered the years
1970–1979. The model integrated the real and financial sectors and contained sub-
models for the monetary and real sectors (Fase 1985). In the first sector, the equa-
tions explaining interest rates and exchange rates were specified. In the real sec-
tor, the equations were specified like in the CPB models. Consumer demand was
determined by real labour incomes and other incomes, and investment by avail-
able incomes (mainly profits) and long-term interest rates. Prices depended on unit
costs and a mark-up, and production was dependent on expected sales and inventory
changes. Employment was determined by output and fixed capital.

Although the MORKMON model’s structure resembled that of the CPB models
in many respects, it also contained many original solutions, particularly regarding
the modelling of the financial sector.

6.6 The Models of the Academic Institutions

At the end of the 1970s, preconditions appeared for the Universities of Amsterdam
and Groningen to build the macroeconometric models.
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6.6.1 The SECMON Model

In the early 1980s, the large, annual model SECMON was constructed at the Univer-
sity of Amsterdam under the direction of W. Driehuis (Driehuis et al. 1983). It was a
multisectoral structure with around 700 equations, which distinguished 18 industry
groups and an I-O submodel. It was mainly used to run medium-term policy simu-
lations on behalf of large corporations. At that University the research on Hermes
model for the Netherlands was developed (Mot et al. 1989).

6.6.2 The Groningen University Models

In the second half of the 1970s a small, annual model called GRECON was con-
structed at the Econometric Institute of the Groningen University. The parameters
of its equations were estimated with data in the form of the rates of growth, using
the TSLS procedure (Voorhoeve 1986).

Toward the end of the 1980s, macromodelling activities developed also at the
Groningen University’s Centre for Cyclical and Structural Research (CCSO). The
first to be built was the CCSO annual model of the Dutch economy, which had an
extended production sector (Kuipers et al. 1987, 1990). In the next years the annual
model CESAM and the quarterly model IBS-CCSO having similar structures were
constructed in collaboration with the Twente University. The quarterly model was
used commercially by the brokerage firm IBS that made forecasts and simulation
analyses for its clients with it (Jacobs and Sterken 1995).

The models were Keynesian regarding the generation of the short-term demand,
but neoclassical with respect to the generation of production. Potential output and
potential employment were determined using a vintage CES production function.
The quarterly model had an extended sector of financial flows based on the post-
Keynesian portfolio theory. The equation parameters were estimated with the ECM
models.

The Groningen University models supported regular forecasting and numerous
policy simulations.
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Chapter 7
The Models of the Nordic and Baltic Countries

7.1 Introduction

In Scandinavian countries, modelling started to develop in 1970s, mainly at pub-
lic institutions such as the Danish and Norwegian central statistical offices and the
Danish and Finnish Ministries of Finance. The models were annual and supported
economic planning. Later on, quarterly models were constructed at the central banks
of Denmark, Finland, Norway and Sweden to aid regular forecasting and policy sim-
ulations.

The above models were intended to characterise the functioning and growth of
small open economies. They mainly had the Keynesian orientation. In the short-
run, production and employment were determined by demand. The large models
included I-O submodels and distinguished industries exposed to foreign competi-
tion and the sheltered ones. The price and foreign trade equations were differently
specified for these groups of industries (Bergman and Olsen 1992; Whitley 1992).
In the Baltic countries (Estonia, Latvia, Lithuania), modelling activities intensified
with the countries’ becoming independent, supported by the Danish and Finnish
econometricians.

The models’ properties are discussed in the sections below and are summarised
in Table 7.1.1

7.2 The Models of the Danish Economy

7.2.1 The ADAM Model

The model ADAM (Aggregated Danish Annual Model) was constructed at the Dan-
ish Central Statistical Office, the country’s economic modelling centre since the

1In writing the text of this chapter the following monographs were consulted: Lybeck et al. (1984),
Bjerkholt and Rosted (1987), and Bergman and Olsen (1992).

W. Welfe, Macroeconometric Models,
Advanced Studies in Theoretical and Applied Econometrics 47,
DOI 10.1007/978-3-642-34468-8_7, © Springer-Verlag Berlin Heidelberg 2013
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1970s. The model was chiefly used by the Ministry of Finance as an analytical tool
supporting the development of financial plans and of the government budget. In
1981, it became a member of Project LINK (Dam 1986).

The ADAM model was started as a large annual model with an I-O submodel that
distinguished 20 industries and ca. 72 commodity groups representing final demand.

The model had a Keynesian orientation. Consumer demand was determined by
real income and real personal financial and physical wealth. Investment demand
depended on an increase in production, on the relative prices of production factors,
including interest rates, and on the Tobin “Q” coefficients. Final demand determined
output and employment in most of the industries. The production functions were
introduced to generate potential output and the rates of capacity utilization used to
determine exports.

The supply side was represented by the wage and price equations. It was assumed
that wage changes resulted from bargaining, so wages depended on prices, shares in
profits and the rate of unemployment. Prices were dependent on the domestic unit
costs and import costs plus a mark-up.

The model had an extended financial sector with equations generating budget
revenues and expenditures and financial flows. Interest rates being the major chan-
nels of transmission from the financial sector to the real sector were assumed to
clear the financial markets (Hansen and Smidt 1992).

The model was revised on a regular basis. The data were updated 3 times a
year and the equations were respecified every second year. The most recent sam-
ples cover the years 1966–2009 for most series. The model had 2038 equations (90
were stochastic) and a large number of exogenous variables. Its parameters were
mostly estimated with OLS.

The model ADAM was, and still is, frequently used by the Ministry of Finance
and other non-public economic organisations for forecasting and policy simulation
purposes.

7.2.2 The SMEC and CLEO Models

At the end of the 1970s, the model SMEC (Simulation Model of the Economic
Council) was built to serve the needs of the Economic Council of Denmark (Hansen
and Paldam 1973). It was an annual, medium-size model with a Keynesian struc-
ture. The supply-side components such as prices, wages, and labour productivity
were exogenous. The financial sector was omitted. In the 1990s, the computational
general equilibrium model GESMEC was built for the same institution (Frandsen
et al. 1994). In the same decade, a special, annual model CLEO was constructed at
the Copenhagen University for the long-run analyses (Kaergärd 1991).
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7.2.3 The MONA Model

The quarterly model MONA built at the Central Bank of Denmark at the end
of 1980s was to support short-term forecasting and economic analyses. It was a
medium-size model with an extended financial sector. It had a Keynesian orienta-
tion. Its equations explaining financial markets used model consistent expectations
(Christensen and Knudsen 1992).

7.3 The Models of the Estonian Economy

7.3.1 The ESTMOD Model

In Estonia, macromodelling activities started in the transition period based on an
agreement that the Estonian Ministry of Finance signed with its Finnish counterpart.
A team directed by A. Leppä built the quarterly model MODEST (Leppä 1995),
afterwards renamed ESTMOD. The original model used the 1994–1995 quarterly
data and had three versions, each one using more data, which ended in 1998. Many
parameters of the model’s 16 stochastic equations were calibrated.

The model had a mixed structure. Final demand determined production and em-
ployment, while consumer demand depended on real disposable income and nomi-
nal, short-term interest rates. Investment demand was dependent on output, capital
costs and the real interest rate. The model included equations that explained pro-
ducer and retail prices, as well as wages determined by retail prices and GDP. The
equations accounting for foreign trade transactions and prices were extended; an ad-
ditional equation was specified to explain the inflow of foreign capital, an important
factor stimulating the growth of the Estonian economy.

Most equation parameters were estimated using the ECM procedure. Several pol-
icy simulations were performed to test the model for accuracy (Leppä et al. 2000).

At around the same time, a model of the Estonian economy started to be con-
structed at the Central Bank of Estonia.

7.4 The Models of the Finnish Economy

7.4.1 The KESSU Model

The annual model KESSU was built in the late 1970s at the Finnish Ministry of
Finance. It was intended to be used in planning processes and medium-term sim-
ulation analyses supporting the construction and execution of government budgets
(Mannermaa and Kaski 1980). Because of its intended use, it was a large macro-
model (see Table 7.1) decomposed into 25 industries, with an I-O submodel. It had
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several versions, but the first version defined its basic structure that was maintained
in the next versions. In the KESSU III model several changes were introduced into
the specifications of equations explaining the behaviour of households and enter-
prises (Leppä 1987). The changes were retained in the KESSU IV version that was
provided with an extended submodel of financial flows; the interest rates were en-
dogenized (Hetemäki 1992).

Consumer demand was decomposed and made dependent on real disposable in-
come, financial wealth and real interest rates. Investment demand was generated
according to profit maximization and was dependent on the user costs of capital and
output. The equations explaining production and employment were separately spec-
ified for the exposed industries (mainly the manufacturing industry) where profit
maximization and relative prices prevailed and for the sheltered industries with em-
ployment determined by output and relative prices.

Prices in the exposed industries depended on the world prices, whereas in the
sheltered industries they were determined by unit costs. Wage rates were shaped by
exogenous, negotiated rates and by factors generating deviations, such as changes
in labour productivity.

7.4.2 The BOF and QMED Models

In the 1970s, the Bank of Finland’s research teams started to construct a quarterly
model of the country’s economy, whose successive versions were subsequently elab-
orated in the 1980s and 1990s (Tarkka and Willman 1985). The most significant
change in the builders’ approach took place in the mid-80s, when they abandoned
the Keynesian orientation (models BOF1 to BOF3) to replace it with the neoclassi-
cal one. For the BOF4 and BOF5 models it was assumed that in the short-run final
demand would be determining output and employment, while in the long-run the
decisive factor would be production formation. Besides, rational expectations were
introduced into both versions. The modifications were associated with the change in
the estimation procedure, involving mainly the replacement of OLS-based estima-
tion with ECM.

As its predecessors, the model BOF 4 was a large quarterly system. It distin-
guished 5 industries and used I-O relationships (Männistö et al. 1992). The model
BOF 5 constructed in the mid-90s was even larger (see Table 7.1) due to an extended
block of equations explaining the financial sector (Willman et al. 2000).

The consumer demand function in the above models initially drew on Friedman’s
permanent income hypothesis. In BOF 5, the point of departure was intertempo-
ral utility maximization under a given budget constraint. In both cases, consumer
demand depended on real current and expected incomes and personal wealth of
households that initially covered financial wealth only, but in BOF 5 also physical
wealth. In the latter model, the approach justified the attempt to specify the equa-
tions explaining changes in the real estate markets. The other consumer demand
determinants in these models were real interest rates and a rate of inflation.
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Enterprise investment demand was derived from intertemporal profit maximiza-
tion. As a result, its specification assumed that it depended on the demand for fixed
capital. The latter was determined by the marginal productivity of fixed capital that
was related to the current and expected user costs, mainly determined by interest
rates. In industry, value added remained the major explanatory variable.

The demand for domestic production was obtained from the difference between
final demand and imports. It determined employment (working time) using an in-
verted CES production function with considerable lags.

Prices were determined taking into account marginal production costs that in-
cluded labour costs and imports. The links among final demand, gross output defla-
tors and valued added deflators were found using the I-O price equations. The wage
equations were built in line with the principles of the extended Phillips curve.

The BOF models contained extended blocks of equations that explained financial
flows in both the money market and the financial sector. They were regularly used
in forecasting and in many policy simulations.

In the early 1990s, a small quarterly model QMED was constructed at the Cen-
tral Bank of Finland. Rational expectations of prices, interest rates and incomes
were consistently introduced into the respective equations. The model was used for
forecasting and policy simulation purposes.

7.5 The Models of the Lithuanian Economy

7.5.1 The LITMOD Model

The first version of the model LITMOD was created at the Lithuanian Ministry of
Economy by the team directed by A. Kazlauskas and A. Leppä in the year 2000. Its
next version was built four years later by a Danish-Lithuanian team whose mem-
bers represented the Rise National Laboratory in Roskilde and the Institute of Eco-
nomics, the Lithuanian Academy of Science (Andersen et al. 2005). The second
version of LITMOD was a large quarterly system disaggregated into 12 industries
interconnected by a system of I-O equations.

The model was demand determined and addressed the specific properties of an
economy in transition towards a market system (the sample covered the years 1995–
2002). It contained equations explaining final demand, i.e. consumer and investment
demand, public institutions’ demand and exports. Final demand was assumed to de-
termine production and employment. The foreign trade equations were specified un-
der the Armington concept. The demand for domestic output included intermediate
demand, making use of the I-O relationships. Domestic production determined the
demand for production factors and generated the incomes of the production sector.
Prices were formed by unit costs, while wages by labour productivity and the rate of
unemployment. The fiscal and monetary parameters (interest rates) were exogenous.

The equation parameters were estimated with the OLS and ECM methods. The
model was used for medium-term forecasts and policy simulations.
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7.6 The Models of the Norwegian Economy

7.6.1 The MODIS and MODAG Models

The Norwegian Central Bureau of Statistics (Statistics Norway) became involved in
macromodelling activities as early as the 1960s. As a result, the large annual model
MODIS containing an extensive block of I-O equations was constructed. It was used
for more than 20 years in forecasting and policy simulations. The description of its
last version MODIS IV can be found in a publication by Statistic Norway (Bjerkholt
and Longva 1980).

MODIS IV provided the basis for constructing a large annual system called
MODAG, whose operational version was ready in 1983.

The MODAG model was highly disaggregated into more than 30 industries and
40 consumer commodity groups. It had an extended I-O submodel. As a result, the
number of its equations was ca. 1300. Their parameters were initially estimated
with the OLS method and then with IIV and FIML. The data sample started in 1960
(in special cases in 1970). The model was re-estimated every year. The Ministry
of Finance used it for short- and medium-term forecasting and policy simulations
(Cappelen and Longva 1987).

A special feature of the model was that it distinguished between the exposed and
sheltered industries. Consumer demand was analysed separately for durables and
non-durables using a LES submodel. In the production sector, the raw-materials
industry and other industries were distinguished. For each industry production, im-
ports and demand for labour were generated (by inverting the production functions).
Gross investments depended on gross output and profitability (including interest
rates) and on the prices of production factors.

Potential output was generated from the production functions built for particu-
lar industries. Price equations were formulated assuming monopolist competition.
Prices were determined by unit costs, world prices and the rate of capacity utiliza-
tion. Industrial wages were dependent on prices, labour productivity, tax rates and
unemployment rate, following the Phillips curve concept. The financial flows sector
in the model was not extensive (Cappelen 1992).

The most recent versions of the MODAG model retained their major properties.
They were highly disaggregated like their predecessors and distinguished 21 differ-
ent sectors and 45 different products. However, the economic structure was anal-
ysed within a different framework, distinguishing three markets: products, labour
and finances. In the product market the I-O submodel played a significant role. To
determine the demand for input factors in 11 industries a Cobb-Douglas production
function was used for materials, a CES-aggregate for energy and a CES-aggregate
for high- and low-educated labour. Statistics Norway used a special version of the
model to analyse the labour market and presented predictions extending to the year
2030 (Bjornstad et al. 2010).
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7.6.2 The Quarterly KVARTS Model

In the 1980s a quarterly model of the Norwegian economy was built at Statistics
Norway. It was a large model containing approximately 800 equations structured
following the annual model. It was used for forecasting and short-term analyses
(Biorn et al. 1987). Compare also Bjerkholt (1998).

7.6.3 The Quarterly RIMINI Model

In the middle of the 1990s a quarterly model of the Norwegian economy was con-
structed at the Central Bank of Norway to support short-term forecasting. It was
mainly applied to analyse the monetary policy effects. The model turned out to
be instrumental in describing the transmission processes in the context of inflation
analyses (Olsen and Wulfsberg 2001).

7.6.4 Modelling Inflation in an Open Economy

In the first years of the 21st c. a group of Norwegian scholars set out to improve
the procedures used for constructing macroeconometric models employing the mul-
tivariate cointegration methods. Given the then stage of knowledge, the methods
could only be used to estimate the parameters of a limited number of equations.
The scholars proposed a piecewise procedure implying the construction of small,
weakly-dependent segments of a macromodel to be linked into a large system after-
wards.

An application of the model of inflation in Norway intended for the analyses of
monetary policy effects was demonstrated. Its core was a two-equation model ex-
plaining average wages and prices in the classical manner. Its long- and short-run
parameters were estimated. The explanatory variables that included import prices
(more precisely, the exchange rates), GDP changes, the rate of unemployment and
interest rates were assumed weakly exogenous. The respective equations’ param-
eters were estimated using the cointegrating techniques. This system showing the
dynamics of inflationary processes was used in monetary policy simulations (Bård-
sen et al. 2005). However, the road to including it into a complete model of the
Norwegian economy, such as RIMINI, seemed very distant.

7.7 Models of the Swedish Economy

7.7.1 The KOSMOS Model

In the early 1980s, the large model KOSMOS was constructed at the National Insti-
tute of Economic Research (NIER) in Stockholm. Its builders aimed to improve the
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quality of the Institute’s forecasts, including the extension of the forecasting horizon
from 1 to 3 years. The Swedish Ministry of Finance also used the model. For the
limited reliability of the Swedish national accounts, KOSMOS was a semi-annual
model. It was decomposed into 8 industries and had over 460 equations. In the esti-
mation process the ECM techniques were used (Ernsäter and Nordström 1992).

The model had a Keynesian orientation and applied adaptive expectations. In
its first version only prices and wages were endogenized, while interest rates and
exchange rates remained exogenous.

Consumer demand was linearly dependent on household real incomes, nominal
interest rate and the rate of inflation. Investments in the production sector were sep-
arately specified for buildings and machinery and equipment. The growth rate of
fixed capital was determined by the growth rate of value added and a profitability
indicator representing the difference between the profit-fixed capital ratio and the
real interest rate on bonds. Gross investment adjusted for changes in the rate of
capacity utilization included also depreciation.

The model accounted for changes in the share of the Swedish exports in total
OECD imports, the major explanatory variables being the relative prices. An in-
crease in imports was explained in terms of rising domestic demand and relative
prices.

In the model, production was derived from the difference between final demand
and imports. It determined employment in manufacturing industries. The demand
for working hours was influenced by value added and real labour costs. In the other
industries employment was arrived at by dividing output by exogenous labour pro-
ductivity.

Prices were dependent on unit costs, among which only labour costs were en-
dogenous. In the manufacturing industries prices depended also on a mark-up and/or
world prices.

Wage dynamics in the manufacturing industry was assumed to determine wage
dynamics in other industries. In the manufacturing industries, wage changes resulted
from a bargaining process involving the entrepreneurs and the trade unions. As a re-
sult, the wage equations depended in the long-run on the ratio between the wage
fund and value added and on the rate of unemployment. In the short-run, they were
also determined by labour productivity, retail prices and/or world prices. This spec-
ification was rather far from the standard specification, where labour productivity
and price impacts enter the long-run relationship.

A block of equations explaining financial flows was added in the later versions
of the model.

In the late 1980s and in the early 1990s three macroeconometric, demand-
oriented models were constructed in the academic institutions. These were the quar-
terly forecasting model STEP built at the School of Economics and annual models
designed rather for policy simulations—the smaller model SNEP at the Uppsala
University and a larger model at the Gothenburg University (Lybeck et al. 1984).



7.7 Models of the Swedish Economy 97

7.7.2 The STEP Model

The quarterly, medium-size model STEP constructed at the Stockholm School of
Economics was structured following the early version of the Finnish model BOF 3.
It was demand oriented, but restrictions were introduced into the consumption and
investment functions to account for credit constraints. The model also assumed for-
eign trade disequilibria. The rate of capacity utilisation affected exports and imports,
as well as inventory changes. The model supported regular forecasting and numer-
ous simulation analyses and participated in the Project LINK (Ettlin et al. 1979).

7.7.3 The SNEP Model

The annual SNEP model built at the Uppsala University had a Keynesian structure,
with final demand determining production and employment. Prices depended on
unit costs, while wages on labour productivity and unemployment rate. Interest rates
were exogenous and served as monetary policy instruments (Berg et al. 1981).

7.7.4 The GUESS Model

The annual GUESS model built at the Gothenburg University was a demand-
determined construct with supply restrictions entered into the equations explaining
imports and inventory changes. The model generated potential output. Prices de-
pended on unit costs. The impacts of the world prices were transmitted through the
costs of both imports and exports (Lybeck and Carlsson 1981).

7.7.5 The Riks Bank RIXMOD and SOE Models

The quarterly model RIXMOD of the Swedish economy was built at the Riks Bank
mainly for monitoring the monetary policy effects. It drew on the models con-
structed by the central banks of Canada, USA and the United Kingdom (Nilsson
2002). In the next years, the dynamic stochastic general equilibrium (DSGE) model
was constructed at the same institution. The model was called the Small Open Econ-
omy (SOE) model. It consisted of two segments, i.e. long-run relationships with
calibrated parameters and short-run adjustments with parameters estimated with the
Bayesian techniques (Adolfson et al. 2007).

A similar DSGE model was constructed at the Institute of International Studies
at the Stockholm University (Curdia and Finocchiaro 2005).
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Chapter 8
Models of the Central and South European
Countries

8.1 Introduction

In the Central and South European countries macroeconometric modelling devel-
oped later than in the United Kingdom, France and Netherlands. Nevertheless, the
Austrian, Belgian, German, Greek, Irish, Italian, Spanish and Swiss models were
successful enough to join in Project LINK in the late 1980s (Klein et al. 1999). The
models will be briefly characterised below, with stress being laid on the develop-
ments in macromodelling in Germany and Italy (see Table 8.1).

8.2 The Models of the Austrian National Economy

At the end of the 1980s, an annual model of the Austrian economy was constructed
for the purpose of policy simulations, especially in the context of linking the shadow
economy and the national economy. The model was demand oriented and generated
potential output.

8.2.1 The LIMA Model

The quarterly model LIMA constructed at the Institute of Advanced Studies in Vi-
enna was a major Austrian model. Developed as a medium-size model intended for
forecasting and policy analyses, it was systematically improved for many years. At
the end of the 1990s its LIMA 97 version had over 90 equations, 23 of which were
stochastic. The model distinguished 6 major blocks of equations explaining final de-
mand, foreign trade, labour market, prices and budget revenues. It supported regular
forecasting activities and numerous policy simulations investigating the impacts of
the country’s entering into the European Union. It became a participant of Project
LINK as after it was built (Fidrmuc and Pichelmann 1999).
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In the 1990s, an annual, multisectoral model of the Austrian economy was con-
structed at the WIFO Institute under the MULTIMACI project. Its special feature
was that it used a top-down approach: variables’ values were obtained for industries
through disaggregation (Kratena and Wuger 1995).

8.3 The Models of the Belgian Economy

In the 1980s, an annual model of the Belgian economy was built at the Free Univer-
sity of Brussels. It was a medium-size model used in forecasting and policy simula-
tions (D’Alcantara 1983).

In the later years, use was made of a large model of Belgian economy being
part of the HERMES model system. This model had a block of equations for the
production sector based on the I-O relationships (Bossier et al. 1989). It was used
for a time by the Belgian Planning Bureau.

8.3.1 The MIRABEL Models

In the mid-80s, the Belgian Planning Bureau constructed the annual model
MIRABEL I, which was replaced after several years by the large disequilibrium
model MIRABEL II (Bogaert et al. 1990). The second model was designed to run
medium-term analyses of growing unemployment rates. With its 227 equations it
was the first large disequilibrium model. It was able to generate potential (unobserv-
able) GDP and employment taking into account not only the restrictions constrain-
ing final demand, but also those affecting labour force and fixed capital.

At the end of the 1980s, a small model of the Belgian economy was built at the
De Boeck University, which was mainly used for policy simulations (Barten and
Dhaene 1990).

8.3.2 The Belgian National Bank Models

In the middle of the 1990s, the National Bank of Belgium built a quarterly model
of the country’s economy with a view to making it a component of the European
System of the Central Banks’ models. Its main purpose was to facilitate the analyses
of the monetary policy transmission mechanisms in the EURO area and short-term
forecasts of the Belgian economy in this environment (Jeanfils 2000).

The model’s structure was influenced by the developments concerning the use of
economic theory and econometric methodology that took place in the central banks
in Canada and the USA. Two segments were distinguished in the model: the long-
term (steady state) and dynamic adjustments, where rational expectations played an
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important role; this approach entailed a broad use of leads and lags. The parameters
of the short-run equations were estimated with the Polynomial Adjustment Costs
approach, leading to the creation of a special form of ECM. Forecasts were prepared
using separate VAR models.

The model was medium sized. Its disaggregated version was built already in
1995. It distinguished a household sector with a special consumption function.
Households maximizing expected labour incomes played a key role, while the
income-constrained households represented ca. 22 % of the population. The model
included also the enterprise sector. The inverted Cobb-Douglas production function
determined employment (i.e. time worked), the demand for fixed capital, and thus
investment demand. The model had equations explaining the price system, wages
and broadly understood financial flows.

The model supported short-term forecasting and many simulation analyses of the
impacts generated by monetary and fiscal policy.

8.3.3 The NONAME Model

After several years, the above model was followed by the quarterly NONAME
model (Jeanfils and Burgraeve 2005), which was structured like its predecessor.
Its long-term (theoretical) segment assumed that the point of departure would be
the intertemporal optimization of households and enterprises. Dynamic adjustments
allowed for multinomial costs under the assumption of rational expectations. The
model utilized a CES production function. The price equation included a mark-up.
The model was used as a forecasting and policy simulation tool.

8.4 The Models of the German National Economy

This section first presents the modelling activities in West Germany and then in the
whole country, after the unification of two German states. The macroeconometric
models constructed in the former German Democratic Republic are discussed in
the next chapter that deals with macroeconomic modelling in the former centrally
planned economies.

In the Federal Republic of Germany macroeconomic modelling started to de-
velop in academic centres in the 1960s and 1970s. By 1989, more than 200 of mostly
ephemeral macromodels were built. Heilemann and Wolters (1997) compiled a list
of 100 macromodels that had been constructed between 1973 and 1995. Only a few
of the listed models that have significantly contributed to the development of macro-
modelling in the FRG and have been used for many years as forecasting and policy
simulation tools will be described below (see also Gahlen and Sailer 1985).
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8.4.1 The BONN Models

A major macroeconometric modelling centre in West Germany was the Bonn Uni-
versity with its modelling team led by W. Krelle. In the 1960s, the team constructed
a medium-sized annual model (the Bonn Model) (Krelle et al. 1969). The model
was systematically improved and extended, i.a. by including a large financial sector
(Krelle 1986). Its 11th version had 470 equations, 157 of which were stochastic.
The model had a large number of exogenous variables. The data it used spanned the
period 1964–1982. The equation parameters were estimated with the OLS method
(Sarrazin 1986).

The model construction process started with the equations explaining final de-
mand. The consumption function was built using T. Brown habit persistent hypoth-
esis (Brown 1952), but the list of the explanatory variables was extended to in-
clude a variable approximating household personal wealth. Consumer demand was
decomposed into major commodity groups (by applying LES) and by source (do-
mestic, foreign). Investment demand was decomposed into 4 groups. The key role
was played by the demand function for machinery and equipment that was obtained
using the neoclassical assumptions. The demand for fixed capital was determined
first and then the investment demand was derived, after the replacement demand
has been allowed for. The model generated potential output from multiplying fixed
capital by its exogenous productivity.

The model contained a system of equations that explained the labour market.
Unemployment was generated as a difference between labour supply and labour de-
mand. The equations explaining foreign trade had a standard form, but they included
variables standing for pressures occurring in the domestic markets.

The price equations constructed for 16 groups of commodities were determined
by the major components of unit costs (labour costs and imports), as well as by the
capacity utilization rates representing domestic market pressures.

The model had a large public sector (191 equations) whose major component
was the social security submodel. Particularly in the 1980s, the pertinent federal
institutions used the submodel to run numerous simulation analyses. The model
also had a large monetary sector that explained financial flows, including the system
of interest rates.

The Bonn model was widely used for policy simulations. In the 1970s it partici-
pated in the Project LINK system.

In the 1980s, two I-O submodels were separated from the Bonn model, one cov-
ering real flows and the other representing the price system (Nakamura 1986). The
technical coefficients in the submodels were endogenized by relating them to rel-
ative domestic and foreign prices, fixed capital-labour ratios and rates of capacity
utilization.

In the mid-1980s, a quarterly model was constructed. The Bonn Quarterly Model
was built to meet the requests reported by both public agencies and business repre-
sentatives (Müller and Nakamura 1986). This medium sized model was used for
business cycle monitoring, short-term forecasting and for the simulation of the im-
pacts of fiscal and monetary policies.
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Its structure resembled that of the annual model. Its distinctive feature was the
use of the translogarithmic production function. It utilized information on the rate
of production capacity utilization collected from IFO surveys, as well as the DIW
(German Institute of Economic Research) indicator. As well as being helpful in
computing the potential output, this characteristic was also utilised in the equations
explaining prices, employment and imports.

The quarterly model had a large financial sector that was linked with the real
sector mainly through interest rates, but also via inflation rates.

8.4.2 The SYSIFO Model

The quarterly model SYSIFO of the FRG economy was constructed by G. Hansen
and U. Westphal at the Hamburg University in the mid-70s (de Menil and Westphal
1985). In 1982, it replaced the Bonn model in the world economy model maintained
by Project LINK.

SYSIFO was a large model of the West German economy. In the 1990s it was
enlarged to 1400 equations. It retained separate submodels for East and West Ger-
man states, even after they unified. The submodel for West Germany was signifi-
cantly extended and included an I-O model of 13 sectors. It was used in short-term
forecasting and in monitoring the developments in the FRG economy, also serving
educational purposes.

After U. Westphal’s untimely death in 1996, further work on the model extension
and use was abandoned.

8.4.3 The RWI Models of Business Cycles

In the mid-70s, U. Heilemann built a small annual model of business cycle at the
Rheinisch Westphaelisches Institut fuer Wirtschaftsforschung (RWI) in Essen. After
a few years, the model was replaced by a medium-sized quarterly model of West-
ern Germany, which was intended for forecasting and short-term analysis purposes.
Consumer and producer expectations derived from surveys (including IFO) were
included in this model, however without a major success (RWI 1985).

This medium-sized model became the main model of the German economy. Fol-
lowing the unification, it covered the whole German territory. It substituted the
SYSIFO model in the Project LINK’ system of the world models (Heilemann and
Wolters 1997).

In 1978, the federal authorities implemented a System of Structural Reports that
required 5 research institutes, i.e. DIW in Berlin, HWWA in Hamburg, IFO in Mu-
nich, IFW in Kiel and RWI in Essen, to produce common annual reports. Some of
the institutions prepared their reports using the I-O models (Stäglin 1995). It the
next years, RWI in Essen, IWH in Halle, IFW in Kiel, and IFO in Munich were
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requested to submit half-annual reports prepared in cooperation with other insti-
tutes. The recipient of the common reports containing forecasts and opinions on the
current economic situation was the Federal Government. The forecasts were partly
based on the quarterly macroeconometric models operated by the RWI and IWH
and on the annual IFW model.

8.4.4 The Freiburger Model

In 1969, the first version of a quarterly model was constructed under the direction of
D. Lüdecke at the University of Freiburg. The model was systematically developed.
In the 1980s, it was operated jointly with the financial sector model built at the
University of Tübingen. It was extended since 1989, receiving its own financial
sector. After the German states unified its equations were respecified—the changes
in the regime were mainly forced through the introduction of dummies. The model
was used for forecasting and policy simulations.

8.4.5 The Bundes Bank Quarterly Model

The Central Federal Bank of the FRG engaged in modelling activities relatively
early. A quarterly model was constructed, which initially supported short-term
forecasting and then many simulation analyses of the monetary policy impacts
(Deutsche Bundesbank 1994). In the early 1990s, the model was entered into MEM-
MOD, a system of the world models constructed at the Bundes Bank (Deutsche Bun-
desbank 2000). At that time, rational expectations were explicitly introduced to the
model. The model had over 120 equations whose parameters were estimated with
OLS. It had a mixed orientation. Final demand for consumer goods and investments
determined imports and indirectly employment. The production function was used
to determine potential output and the rate of its utilisation that affected prices. The
model had an extended sector explaining financial flows.

Quite recently, the experimental DSGE model was constructed for the Bundes
Bank, intended for simulations analysing the monetary policy impacts (Pytlarczyk
2005).

8.4.6 Disequilibrium Models

Towards the end of the 1980s H.-J. Hansen of the J.W. Goethe University con-
structed a two-market disequilibrium model for the FRG. The model assumed that
three types of constraints existed: demand for goods, production capacity and labour
supply. It applied the min-condition at the aggregate level. This rationing model was
estimated with the 1962–1986 sample (Hansen 1995).
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At the end of the 1980s, a quarterly disequilibrium model (MDM) for West Ger-
many was constructed at the University of Konstanz (Franz et al. 1993). The Kon-
stanz disequilibrium model belonged to the third generation of models where the
min-condition was assumed to apply to particular markets. The demand for and
supply of products and labour were aggregated using a CES-type function. Prices
were assumed to adjust only sluggishly in the short-run. In the late 1990s, the quar-
terly Konstanz model had 68 equations (36 stochastic) and its data sample covered
the years 1960–1994 (Franz et al. 1997). The forecasting and simulation analyses
run with the model showed that the German economy was predominantly demand
constrained (Schellhorn and Winker 1994). The model was also used in other inter-
esting simulation analyses like the studies on the impacts of migration from Eastern
Europe into West Germany (Franz et al. 1994), the research on spillovers and feed-
backs of international trade (Beck and Winker 2004) and first of all the studies of
employment and unemployment.

The 1960–1988 version of the disequilibrium model for Germany was used as
a component of an international project that was designed to study unemployment
in Western Europe (Dreze et al. 1990). It was chiefly used for simulation analyses
focusing on the unemployment problems.

8.4.7 New Quarterly Models

In early the 21st c. two German institutes operated new quarterly models. In the late
‘90s the Halle Institute for Economic Research (IWH) started to build a macroe-
conometric model of the German economy distinguishing the East and West Ger-
man states (Brautzsch and Dreger 1997). Later on, with the data becoming available
only for the whole country, the model equations were integrated. In 2008, the model
had approximately 150 equations, around 50 of which were stochastic. The estima-
tion procedure was based on the ECM approach. The parameters of the long-run
equations were estimated with TSLS and OLS.

The model was structured following the theory of monopolistic competition in
the commodity and labour markets. Four sectors were distinguished in the model:
the commodity market with foreign trade, the labour market, public institutions and
the financial market. A key role in explaining the long-run supply was given to a
CES production function with constant returns to scale. The factor demand func-
tions were obtained following profit maximisation. The unemployment rate, both
effective and NAIRU, were calculated. It was assumed that wages were determined
through bargaining. The model had equations explaining the particular components
of final demand in a more or less standard manner. In the long-run, demand and sup-
ply achieved balance through price and wage adjustments; in the short run, foreign
trade adjustments and policy interventions were used to take account of temporary
disequilibria. The model is used today for monitoring the economic situation, fore-
casting and simulations (Scheufele 2008).
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At the Macroeconomic Policy Institute (IMK) in Duesseldorf, a quarterly model
of the German economy has been constructed very recently. It is based on the 1980–
2006 quarterly data. The parameters of its equations have been estimated with ECM.
The model lays stress on the differences between the long- and short-term impacts.

The model has a Keynesian orientation and distinguishes a final demand sector,
an income sector and an employment sector, a public sector and a sector for prices,
exchange rates and interest rates. Output and employment are determined by final
demand components. On the supply side, prices and wages have been specified al-
lowing for the existence of nominal rigidities. The model has been systematically
used for forecasting and policy simulations (Duong et al. 2008).

8.5 The Models of the Greek Economy

The macroeconometric models of the Greek economy were built at the National
Bank of Greece under the direction of N.C. Garganas. The first, small model was
developed in 1975. Its versions were substantially extended and elaborated over the
next years. The model was demand determined and had an extensive sector for pub-
lic institutions. It found application in forecasting and monetary policy simulations
(Garganas 1991). At the end of the 1990s it was re-estimated with data extending
to the year 1997 and its monetary sector was completely revised. At the same time,
a new, compact model of the Greek economy addressing the long-run supply side
of the economy was developed (Zonzilos 2000).

In the mid-80s the Centre of Planning and Economic Research in Athens began
to construct annual models of the Greek economy. A medium-size model of Keyne-
sian orientation was built first, which supported forecasting activities and numerous
simulations. The model participated in the system of world models maintained by
Project LINK.

In the mid-90s an annual macroeconometric model of the Greek economy was
constructed within the HERMIN system of models.

8.6 The Models of the Irish National Economy

In the 1960s and 1970s the macroeconometric modelling activities in Ireland devel-
oped on a large scale. The models that were built then had a Keynesian orientation
(Bradley and Fanning 1991).

8.6.1 The Bank of Ireland Model

At the end of the 1970s a medium-sized annual model of the Irish economy was
constructed at the Bank of Ireland. The model was used to run simulations of the
monetary policy impacts and to forecast the development trends in the Irish econ-
omy. It participated in Project LINK.
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8.6.2 The HERMES and HERMIN Models

The annual HERMES model constructed in the late 1990s followed the general ten-
dency to extended modelling of the supply sector. It had a neo-Keynesian orientation
and was treated as a component of the system of models built in the EU. It was a
large model, with more than 700 equations and 10 sectors (Bradley and Fitz Ger-
ald 1971). After it was found to be complicated in use, the decision was made to
construct a smaller, 4-sector annual model HERMIN (Bradley et al. 1995b).

The HERMIN model that was characterised by the thorough specification of the
supply sector gave birth to a whole system of macroeconometric models for the
EU’s peripheries (Bradley et al. 1995a, 1995b).

8.7 The Models of the Italian National Economy

8.7.1 The PROMETEIA Model

In the mid-70s a quarterly model of the Italian economy was constructed at the
Institute of Economics PROMETEIA in Bologna (D’Adda et al. 1976). Initially
called the Bologna Model, the model was progressively developed and became the
Modello Trimestrale di PROMETEIA (MTP). This medium-sized model was used
for forecasting and policy simulations. In the next decade a flow-of-funds sector
was added to it, which was to facilitate the analyses of fiscal and monetary policy
impacts (D’Adda and Fomasari 1980; Vincenzi 1989). Systematically extended, in
1991 the model reached around 900 equations (Ferrari et al. 1991).

The model was demand determined. In generating final demand the main roles
were given to the consumer demand functions and the enterprise investment func-
tions. Household consumer demand was determined by real personal incomes and
financial wealth, as well as capital gains and consumer credits. Investment demand
depended on the level of output, the interest rate and the ratio between investment
goods prices and production prices.

Final demand determined output and indirectly employment. Producer prices
were mainly determined by wage costs and import prices. The wage equation fol-
lowed the extended Phillips curve concept, including the impact of wage indexation.
Import prices depended on the world prices and the exchange rate.

The PROMETEIA model was regularly used to prepare short-term forecasts and
manifold policy simulations for many years (Belfiori et al. 1997).

8.7.2 The Bank of Italy Model

In the mid-80s, D. Terlizzese directed the construction of a quarterly model of the
Italian economy at the Bank of Italy (Visco et al. 1989). The model was intended
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for the Bank to make short-term forecasts and simulation analyses of monetary pol-
icy effects. Developed over the next years, in the mid-90s it reached the status of
an exemplary solution in macroeconometric modelling for other central banks in
Europe to follow. It must be stressed that the simulations focused on the major is-
sues in monetary policy. The assumptions underlying the analyses and the analyses’
outcomes were discussed at the Research Department and reported to the bank man-
agement on a regular basis.

The model had a mixed structure. In the short-run, economic growth was de-
termined by final demand affecting the volumes of output and employment. In the
medium- and long-term, the model followed the neoclassical viewpoint, with en-
trepreneurs’ decisions being the major determinants of potential output and the de-
mand for production factors.

Prices depended on unit costs plus a mark-up. The wage equations referred to the
extended Phillips curve, allowing for expected inflation and the NAIRU unemploy-
ment rate.

The model had extended blocks of equations explaining financial flows related
to fiscal activities, but mainly to the money markets.

At the end of the 1980s, a reduced version of the model was built to study the
short- and long-term properties of the full model (Galli et al. 1989).

8.8 The Models of the Portuguese National Economy

8.8.1 The HERMIN Model

The annual model of the Portuguese national economy was constructed within the
HERMIN system of the macroeconometric models of European peripheral countries
(Modesto and Neves 1994). Its structure conformed to the standard typifying this
class of models. The equations explaining final demand and output were specified.
The supply sector was extended and the domestic and foreign commodity flows were
distinguished. The model was mainly used to run simulation analyses preceding the
country’s entry to the European Union.

8.9 The Models of the Spanish National Economy

8.9.1 The Academic Centres’ Models

In Spain, macroeconometric modelling was initiated by academic centres in the
1980s. Worth noting is the annual model constructed at the University Autonoma
in Madrid. This medium-sized model had a Keynesian orientation. It was regularly
used in forecasting and policy simulations. It entered the Project LINK world model.
In the mid-1990s, another annual model was built within the HERMIN system of
models (Bradley et al. 1995a).
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8.9.2 The Bank of Spain Models

In the first years of the 21st c., the Central Bank of Spain decided to expand its
macromodelling activities (Gali and Lopez-Salido 2001). The first model was built
in 2002 to be a component of the CB system (Willman and Estrada 2002). A new,
improved version of the quarterly model followed soon, replacing its predecessor
(Estrada et al. 2004).

The model distinguished two levels. The first level represented the long-term re-
lationships arising from the theoretical assumptions. The second level described the
dynamic adjustments with the ECM method. In the short-run, output and employ-
ment were determined by final demand; in the long-run, production depended on
the supply factors. The supply block was broadly specified. The model’s system of
equations explaining financial flows was specified to meet the needs of the Cen-
tral Bank. The model was used in regular forecasting, helping also to run numerous
simulation analyses exploring the monetary policy impacts.

8.10 The Models of the Swiss National Economy

8.10.1 The CREA Model

In Switzerland, the mainspring of the development of macroeconometric activities
was the team led by Ch. Lambelet at the Lausanne University (Lambelet et al. 1982).
The team constructed a medium-size annual model that supported forecasting activi-
ties and numerous policy simulations. It also participated in the international Project
LINK.

In the short run, the model laid stress on the disequilibria arising in the com-
modity markets and in the labour market. An important role was given to the price
and wage equations. They had a standard structure that allowed for the impacts of
market pressures. The equations explaining labour demand and investment demand
were derived from cost minimization. The model used an inverted Cobb-Douglas
production function. In the consumer demand functions (that distinguished demand
for durables), permanent real income and real personal wealth were used as the
explanatory variables. The model included an extended foreign trade sector and a
financial sector (Bodkin 1988).

8.10.2 The Quarterly KOF Model

In the middle of the 1990s, a small quarterly model was constructed at the Konjunk-
turforschungsstelle KOF/ETH, the Zurich Polytechnic University (Stalder 1995).
The model had a conventional sector for final demand and an extended sector ex-
plaining supply. The equations in the latter sector were derived from the neoclassical
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assumptions about monopolistic competition among firms. The demand for produc-
tion factors was determined with the vintage production functions, which resulted
in a pertinent segmentation of investment demand.

The model generated both effective and potential outputs. They adjusted with
considerable lags because of price and wage rigidity. Hence, the model generated
excess demand, on one hand, and underutilized productive potential and unemploy-
ment, on the other. Financial flows were not covered in the model.

The KOF used its model regularly for forecasting purposes, also in cooperation
with the IFO Institute in Munich, and for policy simulations.

8.10.3 The Quarterly Model of the University of St. Gall

The quarterly model of the Swiss economy that was constructed at the University of
St. Gall towards the end of the 1980s had 208 equations (38 were stochastic) and its
data sample covered the years 1974–1987 (Abrahamsen et al. 1995). The model’s
demand sector was developed fairly well, including the foreign trade. It had the
income distribution, as well as the government sector. The labour market and con-
sequently unemployment were not modelled, because labour supply was exogenous
(dependent on the regulated immigration). The supply side was represented by the
price and wage equations. Despite its relatively small size, the monetary sector con-
tained all elements reflecting the impacts of the transmission mechanisms. Interest
rates were the major channel of transmission from the monetary sector to the real
sector.

The distinctive feature of the model was that it was specifically designed for
simulation purposes. Its ex-post forecasts covering the period of 1974–1987 were
found particularly important. Another important field of the model applications were
the simulations of the fiscal and monetary policy impacts.

8.11 The Models of the Turkish National Economy

In the middle of the 1980s, a small model of the Turkish economy containing 28
equations was constructed. It mainly supported the analyses of inflationary pressures
(Yagci 1987).

The special, quarterly model of the country’s national economy built in the first
years of the 21st c. was geared to analyse inflationary processes and the debt level
of the Turkish economy (Özatay 2000).
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Chapter 9
The Models of the Middle and East European
Countries

9.1 The Models of the Centrally Planned Economies

9.1.1 Introduction

The national economies of the Middle and East European countries were centrally
planned since the 1950s. The dominant role in the system was played by the social-
ized, mainly state-owned sector. In the early years, the command-distributive ap-
proach to management prevailed. Enterprises’ economic activities were determined
by plans that were either agreed with or approved by the central authorities, so the
activities were regarded as deterministic. The requirements for commodities and
materials presented in the plans were balanced at the central level using the material
balances approach that was treated as the major instrument of coordination, while
the role of price adjustments was ignored. At the macro scale, this made it possi-
ble to use the input-output models. The theoretical basis for applying the models
as well as the optimization models was formulated in the numerous O. Lange’s and
W.S. Nemchinov’s contributions on the functioning of socialist economies.

Production plans were drawn up in an iterative process. Enterprises formulated
their production plans that were adjusted and approved by the central authorities,
allowing for the centrally assigned tasks and taking account of constrained material
supplies. The built-in motivation systems were to stimulate the fulfilment of the
production plans by their maximisation (initially gross-output and then net output
or value added).

Researchers realised after a time that the mezzo- and macro levels of this pro-
cess could be approximated using the systems of production functions. Notewor-
thy are the Polish attempts to use the production functions to analyse the national
economy (Pajestka 1961) and the attempts made afterwards in the former So-
viet Union (Michalevskij and Soloviev 1966). The systems provided the backbone
of the macroeconometric models that were constructed for the centrally planned
economies in the later periods (Costa and Mienszikow 1979).

The theoretical foundations underlying the use of the production functions at the
macro scale were formulated by M. Kalecki in his theory of growth of socialist
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economies (Kalecki 1963). This monograph identified major barriers to growth that
became a basis for the concept of a chronic disequilibrium economy that J. Kornai
developed several years later (1980). See also Bobińska (1982).

In the 1960s, the continuous development of official statistics enabled the con-
struction of a special system of balances at the macro-scale that included the annual
data, which was called a Material Product System (MPS). At that time only desk cal-
culators were available; it was not until the 1970s that computers were introduced.

The above circumstances explain why the first, experimental macromodels were
built as late as the mid-60s (Fomin and Tomaszewski 1971). They were small, linear
models describing Hungary (Halabuk et al. 1966) and Poland; the latter was con-
structed by Z. Pawłowski (Barczak et al. 1968). These macromodelling activities
were influenced by L. Halabuk’s cooperation with H.T. Shapiro (Michigan Univer-
sity) and Z. Pawłowski’s contacts with R. Stone (University of Cambridge).

In the 1970s, with the command-distributive management systems being slowly
withdrawn to be replaced by market-oriented economies, macroeconometric, an-
nual models were built in many of the socialist countries. This applies to former
Czechoslovakia (VVS models), GDR (KP models), Hungary (CSO and INFELOR
models), Poland (Planning Office’s KP models and IEiS UŁ’s W-models) and to the
former USSR (Novosibirsk AS). The person that played a crucial role in priming
the processes was L.R. Klein, who hosted at the University of Pennsylvania I. Sujan
from the VVS in Bratislava and W. Welfe from the IEiS UŁ in the early 1970s.1 The
structure of these models was presented in the relevant chapters of Welfe (1982) and
its English version in Welfe (1983). Compare also Welfe (2004b). Concise char-
acteristic is presented in Table 9.1. More can be found in Mienszikow and Costa
(1979).

In those years international conferences on macromodelling were organised on a
regular basis: “Models and Forecasts of Socialist Countries” was held every two or
three years and “MACROMODELS” was an annual event organised by the Institute
of Econometrics and Statistics (IEiS) UŁ, Poland.

In the 1980s, a new generation of models was built. Their characteristic feature
was that they more and more often attempted to take account of the elements of
market economies. This was manifested through the introduction of the demand-
determined model versions in addition to the supply-oriented versions, and through
the construction of the disequilibrium models. The new models were provided with
systems of price equations and of financial flows. To account for disequilibria, at-
tempts were made to extend the production functions by adding the scarcity in the
supply of raw materials, especially the imported ones, and to respecify the consumer
demand functions in order to reflect the chronic deficits in the supply of consumer
goods. Most of these contributions originated from the series of the W models for
Poland.2

1The development of macromodelling activities to the mid-70s can be found in the papers by
Shapiro and Halabuk (1976), Shapiro (1977) and in the monograph by Kolek and Šujan (1978).
2The detailed characteristics of the structures of the models, especially those for Poland, can be
found in our monograph dealing with the modelling of the Polish economy (Welfe 1992).
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In the mid-80s, special, small-sized disequilibrium models were constructed, ac-
centuating excess demand in the markets for consumer goods and for investment
goods.

At the turn of the century, most Middle and East European countries started their
transition towards a market system.

The changes in the economic system had a serious effect on the programmes
of the macromodelling centres. Several of them, for instance in Hungary and East
Germany, suspended their activities, others carried on, e.g. IEiS UŁ in Poland or IN-
FOSTAT in CSRS. After enough data on the transition period had been accumulated,
new modelling centres in Bulgaria, Romania, the Ukraine, the Russian Federation,
but also in Poland (the Central Bank, the Ministry of Finance), the Czech Republic
(the Central Bank) and Slovakia (SAV) started to operate, mainly constructing the
quarterly models.

9.1.2 The Models of the Czechoslovak National Economy

9.1.2.1 The VVS models

The main macroeconometric modelling centre in the Czechoslovak Republic was
the Computer Research Centre (VVS) in Bratislava, affiliated with the United Na-
tions. I. Šujan built the first model in 1970. The research team headed by I. Šu-
jan constructed the VVS system of macromodels containing annual models for the
CRSR and Slovakia and a quarterly model for the CSRS (Šujan et al. 1974).

The models were supply oriented. Exogenous investments determined fixed cap-
ital and exogenous labour supply affected employment (allowing for fixed capital).
All these production factors determined gross output by industry that for the most
part influenced exports and imports. Given the exogenous average wages, employ-
ment had an effect on real incomes that in turn shaped the volume of retail trade.
The macroeconomic identities were not present. Because the models were mostly
forecasting tools, dynamic, recursive relationships played a dominant role in their
structures. The VVS developed a range of computer programmes to support its mod-
elling and forecasting activities. See also Kyn et al. (1967).

9.1.2.2 The VUSEiAR Models

In the late 1970s and in the early 1980 the Bratislava centre that changed its name
to the Research Institute of Socio-Economic Information and Management Automa-
tion (VUSEiAR) intensively developed its modelling activities. A new system of the
second-generation macromodels was constructed. It included the annual medium-
sized Central Model (CEM), which was mainly dedicated to policy simulations, the
Input-Output model, and the sectoral models of commodity supply and consump-
tion. The system was linked with the model of the CMEA countries (Šujan 1978a,
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1978b). The Central Model was built in many variants (Šujan 1986). At the same
time, a quarterly model of the CSRS economy was constructed. The model, which
also had more than one version, found application in short-term forecasting and
policy simulations (Šujan and Kolek 1974; Klas et al. 1979).

The Central Model’s structure was characteristic of the supply-oriented models.
It started with a two-factor production function (that allowed for technical progress)
that generated the potential gross output. The function could be modified by taking
account of the likely supply restrictions. Employment was exogenous. Fixed capi-
tal increase depended on investment (with lags) and the rate of liquidation. Invest-
ments were determined at the central planning level where the supplies of domestic
and imported investment goods were taken into account. The demand-determined
consumption depended on exogenous wages and prices, being also adjusted for re-
strictions in the supply of domestic and imported commodities (Štrauch 1990). The
Central Model was the main component of the system of models that included also
the MSA model of the I-O type and the satellite models of consumption and finan-
cial flows.

Independently Brada and King constructed a structural model of Czechoslovakia
(1980).

9.1.2.3 The Disequilibrium Models

In the mid-80s, the disequilibrium models were constructed for the CSRS economy,
likewise for other centrally-planned countries. The models attempted to estimate the
excess consumer demand. They also showed the mechanisms transmitting disequi-
libria into foreign trade, production and the labour market (Dlouhy 1984; Šujan and
Štrauch 1989).

9.1.3 The Models of the German Democratic Republic

9.1.3.1 The DEM Model

In the East German economy, planning processes were mostly based on the bal-
ance approach, including the Input-Output models. The activities aimed at building
macroeconometric systems started later than in the other CMEA countries. In the
early 1970s, a small annual model DEM 1 was built at the Planning Committee,
structured following the model for Ukraine (Anders et al. 1971). This fully supply-
oriented model was used for preparing forecasts supporting the planning process.
Gross output was generated from a production function. It was allocated among in-
vestment, material supplies and exports. Personal consumption was determined by
real incomes and social consumption was residual.

9.1.3.2 The ISI Model

At the end of the 70s, the team led by M. Wölfling constructed at the Economic In-
stitute of the Academy of Science an annual, macroeconometric model of the GDR
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economy called ISI 1 (Woelfling 1977). The system was composed of 5 interrelated
blocks of equations explaining employment and wages, production, foreign trade,
the distribution of national income and fixed capital. It also contained 10 submodels.
Its structure was peculiar and the economic mechanisms used were rather strange.
The two principal exogenous variables were independently treated: national income
and investment. The second variable, i.e. investment, was regarded as a policy (cen-
tral planner’s) instrument. National income determined gross output and indirectly
employment in the material product sector (allowing for labour supply). It also made
dependent real personal income being a function of labour productivity, taking ac-
count of average wages. Real incomes determined retail sales. Investments decided
upon the increase in fixed capital. Gross output was arrived at by multiplying em-
ployment by labour productivity depending on the ratio between fixed capital and
employment.

The ISI 1 model was a fully supply-oriented system designed as the planners’
instrument for macroeconomic forecasting and simulation analyses.

9.1.4 The Models of the Hungarian National Economy

9.1.4.1 The CSO’s Models

The first macroeconometric M-1 model of the Hungarian economy was built in 1966
as a result of the research conducted by L. Halabuk’s team at the Econometric Lab-
oratory of the Central Statistical Office (CSO) in Budapest (Halabuk et al. 1966).
This small, annual, linear model was designed for experimental purposes. Its con-
struction was a learning ground that provided the necessary experience to construct
an operational version of the multisectoral M-2 model four years later. M-2 was
medium-size model with 26 equations; it was linear but dynamic (Halabuk et al.
1973). The model was, in principle, supply determined, with 8 industries and 5
commodity groups within retail sales. Most important were the linear two-factor
production functions generating gross output that determined global consumption.
However, retail sales were dependent on real personal incomes per capita being a
function of average wages and employment. Employment depended on output and
exogenous labour force at the same time. Fixed capital was assumed to be exoge-
nous. The model included also the export and import functions of mixed specifica-
tion (i.e. both demand and supply were allowed for) (Kolek and Šujan 1978).

The equation parameters were estimated with OLS and TSLS, allowing for
collinearity. The model was carefully validated. It was used in preparing forecasts
for the years 1970–1975.

At the turn of 1969, the CSO entered into cooperation with the VVS Centre in
Bratislava that resulted in the construction of a small M-3 model. A parallel model
was built for Czechoslovakia (Kolek and Šujan 1978). In the mid-70s, the large an-
nual M-4 model was constructed, which was a macroeconometric model integrated
with the Input-Output model (Hulyak 1973).
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9.1.4.2 The SZAMKI Models

In the second half of the 1970s, macroeconometric modelling activities were devel-
oping in the Budapest research institute INFELOR directed by G. Szakolczai. The
SZAMKI models constructed at the Institute included an annual model and the first
quarterly model of the Hungarian economy. The models were expanded and used
in forecasting and policy simulations until the end of the 1980s (Szakolczai et al.
1985).

9.1.4.3 Models Developed at the Institute of Economics and Market Research

In the late 1970s, an annual model of the Hungarian economy was constructed at
the Institute of Economic and Market Research in Budapest by the team directed by
A. Simon. It was a demand oriented model (Simon 1978). It participated in the sys-
tem of world economy models Project LINK. It served for many years as forecasting
and policy simulation tool.

9.1.4.4 The Disequilibrium Models

The early 1980s witnessed the development of theoretical contributions to the
disequilibrium models in Hungary, among which J. Kornai’s contributions are
considered the most prominent (Kornai 1980). Empirical research based on the con-
tributions developed in the mid-1980s. It was summarised in the paper by M. Lacko
(Davis and Charemza 1989). K. Hulyak built a macroeconometric, multisectoral
disequilibrium model of Hungarian economy, presented in the above monograph.

The Hulyak’s model distinguished consumer goods, investment goods markets,
labour market, as well as exports and imports, specifying the demand and supply
functions for each of the markets. Excess demand in the markets was explained
assuming quantitative adjustments and the central planner’s interventions affecting
investments. Consequently, it was assumed that prices did not clear the markets. The
disequilibrium elements affected also exports and imports.

The model was small and substantially aggregated. It was mainly used for run-
ning ex-post simulation analyses of experimental character (Hulyak 1986).

9.1.5 The Models of the Polish Economy

9.1.5.1 The Model by Z. Pawłowski

The first macroeconometric model of the Polish economy was developed in the mid-
60s on the inspiration from Z. Pawłowski (Barczak et al. 1968). It was a small,
annual, experimental model, which was primarily intended to pave the way for the
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construction of macromodels that the centrally planned economies could use as aux-
iliary tools in preparing central economic plans.

The model used a sample spanning the years 1950–1964 and was very dynamic.
This supply-determined system was decomposed into three sections: agriculture,
other industries in the material sphere and non-material services. A key role was
given to the linear, two-factor production functions that generated net output and
national income. National income determined the investments in the material pro-
duction sector that, allowing for lags, determined an increase in fixed capital. An
important feedback was thus established in the model, which we later used to call a
supply accelerator (Welfe 1983). It significantly distinguished the above model from
those constructed in other countries in later periods, where investment was assumed
to be an important policy variable.

Another distinctive feature of the model was the specification of the equation
explaining average real wages in industry. They were dependent on labour produc-
tivity and followed the rules that the authorities assumed to make decisions about
wage rises. The average wage dynamics in industry influenced wage growth in the
non-material services. The authors built the model for experimental purposes and
did not develop it any further.

New macroeconometric models were built only in the 1970s (cf. Maciejewski
1980). Two of them—one at the Planning Committee (KP) and another at the Insti-
tute of Econometrics and Statistics UŁ (W-1)—had operational meaning. The other
models were experimental and were not used on a regular basis. This concerns
the models constructed at the Institute for Economic Cycles and Prices (Kalisiak
and Piaszczyński 1972; Bożyk et al. 1973), at the Department for Statistical and
Economic Research at the GUS (CSO) and at PAN (Kudrycka 1974).

9.1.5.2 The Models of the Planning Committee (KP)

The Computational Centre of the Planning Committee started its macroeconometric
modelling activities in the years 1972–1973. Its research team led by W. Maciejew-
ski entered into close cooperation with the VVS Centre in Bratislava.

The first to be constructed was the annual model KP-1. This forecasting-
simulation model was intended to enhance the analyses preceding the implemen-
tation of the 5-year plan 1971–1975 (Maciejewski et al. 1973). The model was
medium sized, with 41 equations. It was linear and dynamic, in principle recursive,
based on the 1955–1970 data. It was supply determined, with the linear production
functions used to generate net output. Lagged fixed capital depending on lagged in-
vestment was a key production factor. Investment was determined by the volume of
industrial output. These relationships defined a feedback that we called the supply
accelerator. At the macro level, the model generated both supply and demand, thus
enabling analyses of the potential disequilibria.

The experience gained from running the model led to the construction of its new,
consistent version, which was called KP-2 (Maciejewski and Zajchowski 1974). The
new, medium-sized model having 188 equations was also linear and dynamic, but



130 9 The Models of the Middle and East European Countries

jointly dependent. The sample covered the years 1960–1972. The model was fairly
disaggregated, distinguishing 15 industries and 7 commodity groups in consump-
tion.

Its characteristic feature was that it defined the strategic industries controlled by
the central authorities that determined their investments and wages. Regarding the
non-strategic industries, the feedbacks ensured autonomous increase in their output.
The net output (net value added) was generated from the linear, two-factor pro-
duction functions. The model assumed full employment, with employment in the
non-material services sector being treated as residual, given the supply of labour
force.

Consumer demand depended on real income and relative prices that were treated
as exogenous. The model generated also commodity supply, which depended on
domestic output and imports. This approach made feasible the analyses of local
disequilibria in the commodity markets.

The model was intensively used in forecasting and during numerous policy sim-
ulations. Organizational changes caused, though, that this modelling activity was
given up at the end of the 1970s.

The team lead by W. Maciejewski and J. Zajchowski constructed also the first,
operational, quarterly model of the Polish economy KP-3K (Kalinin et al. 1977). It
was used for evaluating the future implementation of the annual plans and as a tool
supporting their preparation.

KP-3K was a small, linear, dynamic model based on the 1967–1975 sample. Be-
cause the quarterly national accounts did not exist then, the number of its variables
was limited to those on which the quarterly data were available, namely industrial
output, foreign trade, wages and incomes. The model’s production functions ex-
plained gross-output in manufacturing and building industries as being dependent
on exogenous employment and imports. Retail sales were generated from both the
supply and demand side. Exports equations explained the supply of exported com-
modities. The model was used in short-term forecasting until the economic crisis at
the turn of the 1970s.

9.1.5.3 The Macroeconometric, Annual W Models. The W-1 Model

Between 1971 and 1972, macroeconometric models of the Polish economy were
also constructed by the research team led by W. Welfe at the Institute of Economet-
rics and Statistics UŁ (IEiS UŁ) in Łódź, Poland. The models were initially built for
the learning purposes—they were intended to facilitate the analysis of the properties
of the real functioning of a centrally-planned economy. Unlike the planning models,
the macroeconometric models were to replicate the reduced forms of relationships
explaining both plan preparation and implementation processes.3

W. Welfe constructed his W-1 model in Philadelphia in 1971, where he had the
opportunity to consult with L.R. Klein (Welfe 1973). W-1 was a medium-sized,

3More detailed characteristics of these models were provided in our monograph (Welfe 1992).
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complete, non-linear, and dynamic model with jointly interdependent equations. It
was fairly disaggregated, distinguishing 4–5 industries and 6 commodity groups.
The model was annual and most data it used came from the years 1955–1969.

The model had an extended production sector. A key role was played by the
linear and non-linear production functions that generated net output that deter-
mined investments and fixed capital increase. These relationships defined a feed-
back known as the supply accelerator. For each industry (and market) both supply
and demand functions were determined that enabled the estimation of excess de-
mand. The last variable did not have an effect on any other endogenous variables,
though. Its changes could be modified with the quantitative adjustments, including
the planners’ interventions, without using the exogenous price adjustments.

The equation parameters of the W-1 model were estimated with the OLS method,
after the equations were linearized. The model was carefully validated and then
structural analysis laying emphasis on the stability of the parameters, especially on
the relevant elasticities, was performed.

During the next years the W-1 model was frequently modified with updated sam-
ples. The 1976 version was based on a sample extending to the year 1974 (Welfe
1975; Czyżewski et al. 1976). This version distinguished three variants: (a) short
term, supply determined, where production allocation was assumed to be regulated
by inventory changes, (b) medium term, supply determined, where the market was
regulated by foreign trade adjustments (these two variants reflected the economic
situation in the 1960s fairly well), (c) medium term, demand determined, where
final demand determined the demand for production and imports; the demand for
production was confronted with potential output generated from the production
functions—the resulting discrepancies affected the foreign trade adjustments. This
version seemed to provide the most adequate description of the economic situation
in the early 1970s.

In the supply-oriented versions of the model, production was allocated among
particular groups of users based on the commodity supply equations. In the demand-
oriented version, personal consumption, investments, and exports equalled the de-
mand realized by households and other pertinent economic agents (Welfe 1979).

The parameters of the models’ equations were estimated with OLS and TSLS
and with the iterative techniques (Bodin 1986). The validation procedures included
multiplier analyses and stability testing.

9.1.5.4 The Annual W-3 Model

The rapid economic expansion in the early 1970s called for a new instrument of
macroeconomic analyses. Accordingly, a new, operational W-3 model drawing on
the accumulated experience was constructed at the IEiS UŁ between 1975 and
1976. This model had ca. 300 equations, thus being larger than its predecessors
(Czyżewski et al. 1976). The manufacturing industry was decomposed into 6 groups
and the foreign trade classification was made more specific. The equation parame-
ters were estimated with OLS and TSLS, using a sample with annual data ranging
from 1969 to 1974.
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The model’s structure was not significantly different from the last version of the
W-1 model (of 1976), but many important modifications were made to the specifi-
cations of particular equations. The W-3 model was respecified each year using up-
dated samples. Two versions of the model were prepared. The demand-determined
version (W3-D) was used until the economic crisis at the turn of the 1970s. The sup-
ply determined version (W3-S) was used even after that period. The most important
innovation in the model was that the lag distribution parameters in the equations
linking fixed capital and investment outlays were estimated (Welfe 1980).

The supply-determined version was rebuilt at the beginning of 80s, mainly by im-
posing restrictions on economic growth. Updated every six months, the fully supply-
determined version was operated until the year 1984, serving both macroeconomic
analyses and regular forecasting of economic development (Juszczak and Welfe
1983). It was non-linear and dynamic, and represented a jointly interdependent sys-
tem of equations. The data sample covered the years 1961–1979. This model used
the production functions to generate gross and net output. It was allocated among
the relevant intermediate and final users assuming constant allocation coefficients.
The feedbacks in the model were the supply accelerator and the foreign trade loop:
output determined exports and indirectly imports of machinery and equipment, thus
affecting fixed capital increase and consequently output. An important novelty was
a system of price equations representing the cost-push approach that was added to
the model (Welfe 1982). For the time being, wages remained exogenous.

The W3-S model was replaced by a new version in 1983 (Juszczak 1987). The
new version had over 500 equations and was estimated using an updated sample
spanning the years 1961–1982. It was used between 1986 and 1987 to produce reg-
ular forecasts and policy simulations (Juszczak et al. 1987).

It is worth adding that a minimodel W4 of the Polish economy replicating the
properties of the W-3 model was additionally constructed. It was mainly used for
testing alternative estimation techniques (Romański and Welfe 1981). Another min-
imodel of the Polish economy was built by J. Gajda, as a component of the system
of models of the CMEA countries (Gajda 1986).

9.1.5.5 The Input-Output and Sectoral Models

In the late 1970s, new research projects were initiated at the IEiS UŁ. An attempt
was made to construct a large W-2 model with a view to integrating an econo-
metric model with an I-O model (Tomaszewicz and Welfe 1979). The construc-
tion of the W-2 model was never completed, but the experience gained then helped
build the I-O and sectoral models of the Polish economy. The input-output models
were developed on a large scale in the 1980s by Ł. Tomaszewicz and her research
team (Tomaszewicz 1983). It is worth noting that Ł. Tomaszewicz has prepared an
original—supply determined version of the I-O model (Tomaszewicz 1983, 1985).
Later on the structure of these models returned to the classic, demand oriented
models. The above models were incorporated into the system of the world INFO-
RUM models. The I-O models were integrated with macroeconometric submodels



9.1 The Models of the Centrally Planned Economies 133

explaining the major components of final demand, as well as the demand for the
production factors. They were considerably extended afterwards. Their construc-
tion was greatly ahead of what a country in transition to a market economy may
have needed.

Several sectoral models were developed at the IEiS UŁ. Worth mentioning are the
models of the financial sector (Łapińska-Sobczak et al. 1979), of income distribution
(Dębski 1987) and of employment, inventories and commodity markets.

9.1.5.6 The W-5 Model

In the early 1980s, the IEiS UŁ team led by W.Welfe constructed the W-5 annual
model of new generation, being an attempt at implementing W. Welfe’s concept of a
complete, integrated model (see Czerwiński and Welfe 1982 and Welfe in Klein and
Welfe 1982). The model contained blocks of equations generating both demand for
and supply of production and production factors, financial flows, as well as wages
and prices. The number of the equations grew to 800 and their parameters were es-
timated using OLS with a data sample covering the years 1964–1979. In the next
years, the model was extended to around 1100 equations, as well as being systemat-
ically updated. It was a non-linear, dynamic and highly simultaneous model. After
access was gained to efficient simulation packages developed under Project LINK,
in 1987 the model started to be used for regular medium-term forecasting and nu-
merous policy simulations (Welfe 1985).

The structure of the W-5 model based on the solutions developed for the previ-
ous versions of the W models, particularly regarding its supply sector. The Cobb-
Douglas production functions generating net output remained the most impor-
tant. The functions contained the primary production factors—fixed capital and
employment—as well as the indicators of their utilization, such as the numbers of
shifts and average time worked by employees, the impact of technological progress
and finally the restrictions in supply of raw materials, mainly from import.

Fixed capital increase was dependent on investment and the rates of scrappings.
Investment demand (by industry) could be modified to allow for the central plan-
ners’ preferences. Employment was determined by demand and depended on net
output and the impact of technological progress. It was not assumed, however, that
the demand would be balanced with labour force supply.

Severe restrictions in the supply of raw materials were common in the 1980s.
To account for them, the excess demand indicators representing the ratios between
the potential demand for imported raw materials and their supply had to be con-
structed in the production functions. The restrictions in the supply of the domestic
raw materials could be confined to those affecting fixed capital or employment in the
industries that produced the materials. This specification was an important novelty
in the construction of the production function.

The structure of the supply sector was concluded by specifying the equations ex-
plaining commodity supply to the particular groups of users; attempts were made to
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present central planners’ varying preferences, with either investments or consump-
tion being assumed as residual.

The W-5 model generated the final demand of the major final users, including
foreign agents, as well as the industries’ demand for domestic output. The new
problems that had to be dealt with resulted from the frequently appearing deficits,
i.e. excess demand in particular markets. They were solved in the following manner.
The initial (unobservable) demand was specified first. Then the effective demand
equal to the realized (observable) supply was obtained by subtracting the excess
demand from the initial demand.

The initial consumer and investment demand functions were specified following
the standard rules applying to market economies. To arrive at the effective demand
functions several modifications were necessary, regarding the designation of de-
mand and incomes. For instance, the modifications involved the introduction of the
notion of postponed demand, household incomes enlarged for forced savings, etc.
Excess demand was generated from the functions of special disequilibrium indica-
tors constructed using the observed data (Welfe 1992). These elements were new to
the consumer demand functions and the reason for adding them were the chronic
disequilibria in the 1980s.

The W-5 model included extended blocks of equations generating prices, wages,
and financial flows (Juszczak et al. 1997a).

Beginning from 1988, the W-5 model was used for many years to prepare reg-
ular forecasts and numerous policy simulations jointly with the Planning Commit-
tee. The commencement of the transition period to a market economy caused that
the model’s demand-determined version assuming an equilibrated market economy
with prices clearing the markets was found particularly valuable. The W-5 model
was entered into the Project LINK world economy model (Welfe 1987).

In the mid-80s, the W-6 minimodel replicating the W-5 model was constructed.
This model stressed the disequilibria in the Polish economy (Romański and Welfe
in Kotyński 1990). See also Romański and Welfe (1991).

9.1.5.7 The Disequilibrium Models

The IEiS UŁ research activities aimed to measure and analyse the impacts of the
disequilibria resulted in contributions involving the specification of production func-
tions, as well as of the consumer demand functions. They contributed to the emer-
gence of the W-A market models for the Polish economy constructed by Welfe
(1984, 1986). A generalized notion of consumer demand, including postponed de-
mand, was introduced into the models, and real incomes were extended to allow for
forced savings. Special indicators of excess demand were constructed and widely
used.

In the mid-80s, several centrally-planned countries developed special macroe-
conometric disequilibrium models (Charemza and Quandt 1982; Welfe 1991). They
mostly stressed the role of the consumer goods markets and imperfect price adjust-
ments (Portes et al. 1987). This class of models included a small disequilibrium
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model of experimental character, which was developed by Charemza and Gronicki
(1985). The model reproduced relationships prevailing in the period of chronic dis-
equilibria affecting the commodity markets, production and foreign trade. Its prop-
erties were described in full vis-à-vis the properties of the W-5 model (Welfe 1989).

The paper provided a starting point for the discussion about the rules to be ap-
plied to construct large macroeconometric models for the East European countries,
including the role of economic theory, the equation specification rules, data mining,
etc. The discussion was initiated by Charemza (1989, 1991) who was answered by
Welfe, Gajda and Żółtowska (1991, 1992). The last word belonged to Klein (1991).

9.1.5.8 Other Models of the Polish National Economy

Between 1981 and 1982, J. Pawilno-Pacewicz constructed the medium-term model
SAPO. It had a supply orientation linked to the planning process (Garbicz et al.
1985, 1986). The Polish Planning Committee used it as an auxiliary instrument
enhancing the planning processes and the monitoring of their implementation.

The models built at the Institute for Economic Cycles and Prices drew on the
input-output models, but they showed a supply orientation.

The Poznań research centre constructed multisectoral dynamic planning models.
The models were demand determined and supported policy simulations (Czerwiński
et al. 1981, 1998).

In the mid-70s, the Planning Institute formed the concept of constructing a com-
prehensive system of macroeconometric models based on the input-output mod-
els with a view to making the planning process more efficient. Its realization was
the macroeconometric model MEDIG, which was built at the Institute (Bocian and
Burża 1978; Bocian 1984). The Institute of National Economy being the successor
of the Planning Institute continued this research, as a result of which a new sys-
tem of macromodels was produced (Barteczko et al. 1985). Attempts to ease system
analysis were undertaken (Kulikowski et al. 1979).

The last supply-determined model to be mentioned here was constructed by
B. Kłos from the National Bank of Poland. The model was intended to reproduce
the development of the Polish economy in the years 1971–1985 (Kłos 2002).

Towards the end of the 1980s, the approaching transformation attracted re-
searchers’ attention to the short-term analyses. Unfortunately, I. Kudrycka from the
ZBSE GUS & PAN was the only one to address issues in the short-term forecast-
ing and analyses. However, the attempt to construct a system of quarterly models
turned out to be unsuccessful. The major quarterly model she constructed was highly
disaggregated and distinguished 26 industries. It revealed its supply orientation by
stressing the description of the production process. It was planned that the quarterly
model would be accompanied by a submodel of the monthly production of selected
commodities. After preliminary work, the research was discontinued in year 1985
(Kudrycka 1990).
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9.1.6 The Models of the United Soviet Socialist Republics (USSR)

9.1.6.1 The Early Models

The first macroeconometric models were constructed for particular republics—
Ukraine (1974) and the Baltic countries (Bielkin et al. 1978). Best known were the
UKR1 and UKR2 models of the Ukrainian economy built by A.S. Jemielianov and
F.I. Kushnirskij (Jemielianov and Kushnirskij 1974; Maciejewski 1976; Kolek and
Šujan 1978). The models were clearly supply determined. In the larger model UKR2
that was constructed for particular industries the linear, two-factor production func-
tions played a key role. A feedback mechanism resembling the supply accelerator
was built into the models—gross output was assumed to determine accumulation
that affected fixed capital increase, allowing for up to 2-year lags, and then fixed
capital determined output again. Consumption was residual.

For the USSR as a whole only small macroeconometric models were constructed
at the Institute of Industry Economics and Organization, the Novosibirsk Branch of
the Academy of Sciences. They were used in the comparative studies on the Soviet,
American and Japanese economies.

9.1.6.2 The Input-Output Systems

At the end of the 1970s researchers concentrated their efforts on attempts involving
the application of the input-output systems. The leading institution in this field was
the Central Economic-Mathematical Institute of the Academy of Science (CEMI)
in Moscow. The point of departure assumed was the planning system (Michalevskij
1967, 1972). Simulations making use of extended I-O systems were to support the
preparation of economic plans as well as their implementation (Jaremienko 1984).

In the next years, the research efforts aimed to transform the balance models
into macroeconometric models allowing for disequilibria took place. In particular,
the assumption about the technical coefficients being constant was given up. Many
attempts were made to account for technological changes by means of the regres-
sion equations. Further, equations explaining the use of raw materials in particular
industries were constructed. They were specified to allow for factors determining
both demand and supply (cf. Jaremienko 1982).

9.1.6.3 The Macroeconometric Models

Interestingly, the large macroeconometric models of the USSR were constructed
outside the Soviet Union. The most renowned model was the annual multisectoral
SOVMOD model, which was built at the Wharton Econometric Forecasting Asso-
ciation (WEFA) in Philadelphia (Green and Higgins 1977).

Towards the end of the 1980s, two macroeconometric models were con-
structed at the CEMI in Moscow. The first model, SUN, built by the team led
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by E.E. Gavrilenkov (1990) had several versions. It was an annual, medium-sized
model with a supply orientation—the major role was given to production functions
generating gross output. It was used for medium-term forecasting and simulation
analyses that preceded the preparation of economic plans. The second model was
intended to support structural analyses, especially those concerning the disarma-
ment policies (Bessarab and Dadajan 1991). It was an annual medium-sized model
that practically only had the production sector.

9.1.7 The Models of the Yugoslav National Economy

In the middle of the 1970s, macromodelling activities in former Yugoslavia were
started by the team led by J. Mencinger. The quarterly EIPF model they initially
constructed (in 1975) consisted of 51 equations, growing to 115 by 1981. At that
time, an input output submodel was added. This demand-determined model was
mainly used in short-term forecasting.

In the first half of the 1980s, an annual model of the Yugoslav economy con-
structed by Pfajfar was operated. Initially consisting of 34 equations (1980), within
the next four years it was enlarged to 174 equations. The model was used as a tool
supporting medium-term analyses and forecasts.

9.1.8 The Models of the Council of Mutual Economic Assistance
(CMEA) Countries

The CMEA was an association of the centrally-planned countries in Europe, which
coordinated their economic activities. The mutual economic relationships between
the countries were analysed with the support of the system of the annual models of
the CMEA members, which was constructed by J. Gajda’s team at the IEiS UŁ in
1979. Particular country models had similar structures and were linked together via
the foreign trade transactions. The models served the preparation of medium-term
forecasts and policy simulations. This system was in use until the end of the 1980s
(Gajda 1986).

9.1.9 The Models of the Centrally Planned Countries.
Recapitulation

Macroeconometric modelling developed in the centrally planned countries in
a somewhat peculiar way. Initially, when the centrally planned command-and-
distribution system prevailed, the decisive role was played by the planning models,
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which were supported at the macro-scale by the input-output models. The produc-
tion functions were only applied to analyse how the plans had been implemented.

The macroeconometric models of the 1960s and 1970s that were constructed
on L. Halabuk’s initiative were supply determined. The only models to include the
demand functions that explained consumer demand in the first place were built for
the CSRS (I. Šujan) and Poland (W. Maciejewski and W. Welfe). The W-1 model
built at the IEiS UŁ paved the way for the disequilibrium models.

Commodity deficits that affected all centrally planned countries in the 1980s
induced the tendency towards building disequilibria into the large macromodels
and constructing special, small disequilibrium models. R. Portes, W. Charemza and
M. Gronicki proposed new notions of consumer demand for the disequilibrium mod-
els, and A. Welfe for the W-A models for Poland. The notions of the production
functions in the large multisectoral macroeconometric models, e.g. W-3 and W-5
for Poland, were enlarged by imposing restrictions on the supply of raw materials,
especially of the imported ones, as suggested by W. Welfe.

In the next years, macroeconometric models grew even larger. In the models
of the CSRS and Polish economies the demand-determined and supply-determined
submodels were distinguished, which established a foothold necessary to construct
macroeconometric models of economies in transition to a market economy.

The models were systematically used for preparing regularly updated short- and
medium-term forecasts and policy simulations that supported the making of the
short-term policy decisions and the formulation and implementation of central au-
thorities’ five-year plans.

9.2 The Models of the Transition Economies

9.2.1 Introduction

Regarding the activities of the macroeconometric centres, the early 1990s, when
the central-command countries started their transition to market economies, were
a highly diversified period. Czechoslovakia (VSEiAR) and Poland (IEiS UŁ) were
the only countries to carry on with constructing and maintaining macromodels. In
the beginning of the 1990s operational rules were developed for dealing with es-
sential changes in the economic regimes, which amounted to full or partial parame-
ter changes (Hall 1994; Welfe 1993, 1995). Despite these theoretical contributions,
macroeconomic activities in other countries began several years later.

The changes in the economic system and the ensuing reforms built a bridge
for the market mechanisms. After the transformation recessions that occurred at
the beginning of the ‘90s, the economic situation in the Central and East Euro-
pean countries stabilized only in the mid-90s. Hence many research centres decided
to undertake macromodelling activities in the second half of the 1990s. They fo-
cused on the short-term models based on the quarterly data covering the transi-
tion period, i.e. starting from 1992 or 1993. Only a few modelling centres, such



148 9 The Models of the Middle and East European Countries

as VSEiAR in Slovakia and IEiS UŁ in Poland, decided to respecify their annual
models, shifting the equation parameters appropriately to account for the economic
regime changes.

In all these countries the statistical information was deeply revised. They ac-
cepted the SNA framework and in most cases the macrodata was recalculated from
the MPS to SNA system beginning with the year 1981. This also applies to quarterly
time series, being the base of modelling the transition period. Concise characteristic
of this development is provided in Table 9.2.

The above models were built using modern econometric techniques. The long-
and short-term relationships were distinguished and the ECM procedure was ap-
plied. The general rules guiding the construction of the macroeconometric mod-
els for economies in transition were laid down in the monograph by Klein et al.
(1999).

9.2.2 The Models of the Bulgarian National Economy

In the mid-90s, an annual model of Bulgarian economy was constructed at the Eco-
nomic Institute, Bulgarian Academy of Sciences, under the leadership of G. Mi-
nassian (1996). The model was systematically extended and updated over the next
years.

Its first version that was used to analyse and forecast the major GDP components
and its sectoral structure distinguished industry, agriculture and other sectors. Be-
cause Bulgarian statistics took a fairly long time to adjust to the European standards,
many variables, for instance deflators, including CPI, exchange rate and the rate un-
employment rate, were initially treated as exogenous. On the other hand, the blocks
of equations explaining financial flows were expanded.

A small macroeconometric model has been put into use in Bulgaria very recently.
It has 15 equations, 7 of which are stochastic. It reveals a supply orientation. GDP
is generated from the production function that takes account of TFP impacts. Con-
sumption is obtained as a residual. Investment depends on domestic credit, exports
are supply determined. Much emphasis has been given in the model to the monetary
market variables (Minassian 2012).

The above models have been systematically used to make forecasts of the Bul-
garian economy and in numerous simulation analyses investigating monetary and
fiscal policy issues.

9.2.3 The Models of the Czechoslovak National Economy

In the initial period of transition the Research Institute INFOSTAT in Bratislava
(M. Olexa and his team) played a crucial role in adjusting the Czechoslovak econ-
omy models to the transition economy conditions. Additional support was given by
I. Šujan, the then President of the Federal Statistical Office in Prague.
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The demand-oriented models developed in the early 1990s anticipated the forma-
tion of market mechanisms, particularly increased price sensitivity among economic
agents. The models had expanded blocks of equations explaining financial flows that
were intended for analysing the fiscal and monetary policy impacts.

An important role was played by a quarterly medium-sized model that was con-
structed for preparing short-term forecasts (Šujan and Olexa 1984; Šujan et al.
1995). Even larger significance was attributed to the annual models. Constructing
its first version in 1991, the researchers carefully modified the specification of the
equations to ensure a “smooth” passage from the pre-transition period (1980s) to the
transition period. The model was extended after a year to include a detailed spec-
ification of the foreign trade equations (Šujan et al. 1993). The models were used
to produce medium-term forecasts and simulation analyses, i.a. in the last year of
the Federal Czech and Slovak Republic to identify the consequences of the divorce
between the two countries (Šujan 1997).

9.2.4 The Models of the National Economy of the Czech Republic

The above activities were continued despite the split and a separate model for the
Czech Republic was constructed. It was a demand-determined model with an ex-
panded foreign trade sector (Šujanova and Šujan 1994).

In the late 1990s, the Czech National Bank (CNB) extended its macroeconomet-
ric activities. The first model was built by a CNB team with D. Vàvra and L. Beneš
(Vàvra et al. 1998) in cooperation with the French experts (representing INSEE:
J.L. Brillet et al.). It was a quarterly model using a quarterly data sample starting in
1993. The sample used in this experimental version ended in the year 1998 and was
extended at a later time.

The model was demand oriented, with GDP determined by domestic final de-
mand adjusted for net exports. Its special feature was that it attempted to estimate
potential industrial output and the rate of its utilization assuming that fixed capital
was the only limiting factor. An inverted production function was used to generate
the demand for investments and employment. The model had equations explaining
average wages and prices. Prices depended on labour costs, prices of imports and a
mark-up. Its first version only analysed household personal incomes that depended
on labour incomes. The model was subsequently extended by adding the equations
explaining financial flows.

Many stochastic equations in the model were estimated with ECM. The model
was employed to prepare short-term forecasts and medium-term policy simulations
facilitating the study of the economic policy impacts, such as growing budget expen-
ditures, and the impacts of the shocks generated by wage or exchange rate increases.

A new initiative was started recently to build a dynamic stochastic general equi-
librium (DSGE) model as a component of a system for forecasting and economic
analyses (Beneš et al. 2005). The model distinguished a theoretical plane assum-
ing balanced growth and a short-term adjustments plane, allowing for Keynesian
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rigidities and lags. All equation parameters were calibrated, which is to the model’s
disadvantage compared with other models in the same class. The model has been
designed for simulation analyses of the monetary policy impacts.

9.2.5 Models of the Hungarian National Economy

In the first transition years macroeconometric activities Hungary came to a freeze.
Research was continued at a small scale only at the National Bank of Hungary.
Towards the end of the 1990s, the Bank entered into cooperation with NIESR in
London, which resulted in the construction of a macroeconometric quarterly model
of the Hungarian economy. It became a component of the world model NIGEM that
included also the models for Estonia, Poland and Slovakia (Barrel et al. 2002).

The model’s structure was typical of the country models incorporated into the
NIGEM system, as shown by the specification of the long-run equations whose
parameters were either calibrated or estimated jointly for the four countries. The
parameters of the short-run equations were estimated with ECM separately for par-
ticular countries, allowing i.a. for the specific properties of the Hungarian economy.

The model was demand determined; consumer demand depended on real dispos-
able income and household financial wealth. Investment demand was assumed to
equal the expected increase in fixed capital generated from the production function.
The model had an extended supply sector. Potential GDP was generated using a CES
production function with constant returns to scale and technical progress embodied
in FDI. The parameters of the equation were estimated with the functions of labour
productivity and of fixed capital productivity. The functions were used to determine
the demand for production factors.

CPI dependent on labour costs, import prices and the utilization rate of potential
GDP was taken as a point of departure for the price equations. The equations ex-
plaining real wages took account of the impacts of labour productivity and of the
rate of unemployment. Many equations were specified in order to explain financial
flows.

The model was mainly used for running numerous simulations of the impacts of
the National Bank’s monetary policy and for regular forecasting.

9.2.6 The Model of the Montenegrin National Economy

The Slovenian econometricians led by F. Štiblar have built a quarterly model of the
national economy of Montenegro in the last years. The model is demand oriented,
with final demand determining output and employment. It distinguishes exposed
and sheltered industries and includes a block of equations that explain financial
flows. The model has been created to run simulations of the economic policy impacts
(Štiblar et al. 2006).
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9.2.7 The Macroeconometric Models of the Polish National
Economy

In the first years of the transition period the only research centre in Poland that was
engaged in macroeconometric modelling was the IEiS UŁ in Łódź, where W. Welfe
led his team. The demand version of the large, annual W-5 model was maintained
there. The attempt in the mid-90s to replace it with the large, multisectoral W-10
model was not successful (Welfe 1997; Juszczak et al. 1997b). Its functions were
taken over by the integrated model IMPEC, which was based on an I-O model
linked to the SAM. This unsuccessful attempt caused that a new, one-sectoral, an-
nual medium-term model W-8 was constructed instead (Courbis and Welfe 1999). It
had many versions. In the first years of the new century its long-term version W-8 D
was built, paving the way for the construction of a model of knowledge-based econ-
omy (Welfe 2007, 2009a, 2009b).4

With the economies in transition realising that the instruments enabling short-
term analyses and forecasting were the most useful for them, the tendency towards
building the quarterly models became widespread. In the mid-90s, a series of the
WK quarterly models of the Polish economy was built at the IEiS UŁ by the team
headed by W. Welfe. At the end of the same decade and in the first years of the
new century the models were substantially developed and analysed with modern
cointegrating techniques by the teams led by A. Welfe. They were used for preparing
regular short-term forecasts and policy simulations.5

In the middle of the 1990s, the Faculty of Economics, University of Warsaw, em-
barked on the initiative to build a Macroeconomic Data Base containing mainly the
quarterly forecasts of the Polish economy. W. Maciejewski’ research team regularly
organised meetings of the forecasting institutions, which were supported under the
Phare Programme. The team successfully integrated the projections and then pre-
sented the findings to the government (Grajek 2000; Greszta 2002).

Following the commencement of the transition period, attempts were made at the
Central Planning Office (CUP) to build a system of macromodels, able to support
the preparation of the medium-term plans. The short-term SAS model was con-
structed and put into operation in the years 1992–1993. The liquidation of the CUP
put an end to these ambitious endeavours. They were continued to some extent
by K. Barteczko and A. Bocian from the Institute of National Economy (IGN) in
Warsaw and then at the University of Białystok. The authors proposed a system of
annual simulation macromodels for running medium-term policy analyses and for
constructing long-term scenarios of economic development (Barteczko and Bocian
2000, 2004).

In the early 21st c., the research departments of the National Bank of Poland
(NBP) were intensifying macromodelling activities aimed to construct quarterly

4The evolution of the W-8 and W-8 D models has been described in detail in the monographs by
Welfe (1997, 2001, 2004b).
5The evolution of the WK models can be found in the following monographs: Welfe (1995, 1997)
and Welfe et al. (2002, 2006).
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models enabling the monitoring of inflationary processes. Attempts were also made
to construct and use the CGE models (Kłos et al. 2005). To some extent, similar
activities were also developing at the Ministry of Finance.

9.2.7.1 The Quarterly WK Model of the Polish Economy

The IEiS UŁ research project to construct a quarterly WK model was developing in
the early 90s and in 1994 a medium-size model was operated on a regular basis. The
model used data starting in 1989, representing the very beginning of the transition
period. The early information from the recession period was abandoned then for its
irregularity (Welfe 1995, 1997).

The WK models were demand oriented from the start. Following the assumption
about market relationships being prevalent in the most recent years, the 2005 version
of the models was made to account for typically market mechanisms. The models
disaggregated the national economy into four sections, i.e. manufacturing and build-
ing industries, agriculture and services, and generate final demand, that is house-
holds’ demand, public institutions’ demand, investment demand, as well as exports
and imports (by destination). The bridge equations linking the final demand com-
ponents and the distinguished sections’ demand for domestic output (value added)
were specified using the pertinent I-O coefficients. The estimated value added de-
termined employment and, assuming predetermined labour supply, the rates of un-
employment. No potential output was generated yet.

The above models had an extended system of prices and deflators, of exchange
rates and of wages and incomes. The latest versions included also the major compo-
nents of financial flows and of the balance of payments (Welfe et al. 2002, 2006).

The model was updated every 3–4 years. The parameters of its equations were
estimated with ECM. Starting with the 2005 version, the long and short-term rela-
tionships were distinguished. The models were carefully tested, a stochastic multi-
plier analysis was performed and the models’ long-term properties were identified
(Welfe et al. 2006).

All the successive versions of the models were systematically used for preparing
short-term forecasts published in Polish and international economic journals (e.g.
“Consensus Forecasts”) and during numerous policy simulations. See also Welfe
and Welfe (1986).

9.2.7.2 The Medium-Term W-8 Model

The medium-term annual W-8 model was constructed at the beginning of the tran-
sition period to enable analyses of the fiscal and monetary policy impacts (Welfe
1996; Welfe et al. 1996). To ensure that it meet its purpose, the blocks of equations
assembled to explain financial flows and the money market were specified in detail.
As a result, the early model had no sectoral decomposition and remained as a one-
sectoral system. Its 2000 version was partially modified, though, by distinguishing
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4 sections, i.e. manufacturing and building industries, agriculture and services. The
links between final demand and value added were established using the I-O coeffi-
cients. The model’s consistency at the macro-level was ensured owing to a top-down
approach (Welfe 1999).

The W-8 model was medium size, with more than 300 equations. It covered all
major blocks, i.e. explaining final demand, supply, prices and wages, revenues and
expenditures of institutional sectors. Consumer demand depended on real dispos-
able income, household financial wealth and nominal interest rates. The main deter-
minants of investment demand were GDP and user costs. The Cobb-Douglas pro-
duction function was used to generate potential output and its rate of utilization af-
fecting prices. Prices additionally depended on unit costs. Real average wages were
consistent with the Phillips curve. Employment was demand determined and given
the labour force supply the rate of unemployment was obtained as a residual (Welf
et al. 2003a, 2003b).

The W-8 model was systematically used to prepare medium-term forecasts and
numerous policy simulations. It was also incorporated into the system of Project
LINK world models.

Ecological issues were discussed in Plich (1998).

9.2.7.3 The Long-Term W-8D Models

The one-sectoral model W-8 was a stepping stone to the construction of a whole
series of annual W-8D models intended for long-term analyses. i.e. covering 15–25
years. The models drew on the concept of empirical economic growth model devel-
oped by Welfe (2000). (See also Welfe 2001.)

The crucial innovation that was introduced starting with the model’s first ver-
sion was the endogenization of technical progress. The production function was
extended by the explicit introduction of total factor productivity (TFP) that repre-
sented the total impact of the knowledge capital growth (Welfe 2004b). The TFP
growth was explained with reference to the growth in the cumulated, domestic and
foreign real expenditures on R&D and in human capital linked to investments.6 The
2007 version of the model clearly distinguished the long-run relationships from the
short-run adjustments (Welfe 2009a).

The W8-D models were used to produce numerous long-term forecasts extending
to the years 2025 and 2030, as well as many scenario analyses (Welfe et al. 2003c;
Florczak and Welfe 2004). The analyses demonstrated the impacts of varying rates
of investment growth and of particular components of knowledge capital (Welfe
et al. 2004; Welfe and Florczak 2009).

9.2.7.4 The IMPEC Model

The research activities developing in the transition period aimed to extend and uti-
lize the large IMPEC model of the Polish economy, which was an integrated input-

6For details compare our monograph (Welfe 2009b).
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output model enlarged by adding the SAM components. The research team led by
Ł. Tomaszewicz kept updating the model on a regular basis and used it for numer-
ous simulation analyses, performed within the international INFORUM system of
models. The model has been recently added links to environmental conditions (Plich
2002). The links with the W-8 model of the Polish economy have been established.

9.2.7.5 The Macroeconometric Modelling Activities at the Central Bank
of Poland (NBP)

Since the beginning of this century, the NBP’s research departments that have
been recently integrated into an Economic Institute have been involved in vigorous
macroeconomic modelling activities. The quarterly models have been built, based
on data samples starting in the years 1995/1997. The first in their range has been
a small structural model of inflation with ca. 60 equations, which was built by the
research team led by B. Kłos in the early years of this decade. Its demand has a
Keynesian orientation in the short-run and supply follows a neoclassical orientation
in the long-run. The model has been used to prepare short-term forecasts and to
perform simulation analyses focusing on inflationary phenomena (Kłos 2002; Kłos
et al. 2004).

Between 2002 and 2003, the research team headed by T. Fic constructed a new
small quarterly model of Polish economy, which had a similar orientation as its pre-
decessor and an enlarged price system. It was mostly used for forecasting purposes
(Fic et al. 2003). In 2009 it was substituted by the NECMOD model provided with
an extended system of price equations containing inflationary expectations and with
equations explaining the labour market components (Budnik et al. 2008).

In the period 2006–2007 a quarterly SOE-PL model belonging to a new gener-
ation of models was built. Its construction was an attempt at creating a dynamic
stochastic general equilibrium model (DSGE), which was made by a research team
with G. Grabek et al. The model referred to an analogous model constructed at the
RIKSBANK. It distinguished two components—a theoretical submodel and a sub-
model of dynamic adjustments. It was designed for experimental purposes and was
used in policy simulations (Grabek et al. 2007).

The NBP operated also two large empirical models of general equilibrium (CGE
models), which were built under international cooperation. They were mainly used
for performing the scenario analyses (Tabeau et al. 1994; Laursen et al. 2004).

In the first years of the new century the Ministry of Finance made many attempts
to construct quarterly models capable of supporting the preparation of annual gov-
ernment budgets and of monitoring their implementation. An outstanding represen-
tative of the models is the medium-size QPFSPM model, which was built by the
research team led by M. Viren (Viren et al. 2003). It distinguished the private and
public sectors and had an extended sector of financial flows. This forecasting tool
was also used for carrying out simulations preceding the preparation of government
budgets.

It might be interesting to know that the models of Polish economy have been the
components of the macroeconometric models describing the European and world



9.2 The Models of the Transition Economies 155

economies. For instance, the annual HERMIN model had a Polish submodel dis-
tinguishing 4 groups of sections, as well as the exposed and sheltered industries. It
was mainly used for policy simulations, particularly as a tool analysing the likely
impacts of the country’s accession to the EU (Bradley and Zaleski 2003). In the
later period, the Ministry of Regional Development also used it for policy simula-
tions. Another submodel of Polish economy has been incorporated into the British
NIGEM model of the world economy.

9.2.8 The Macroeconometric Models of Romania

9.2.8.1 The Annual Dobrescu Models

The first versions of the annual model of Romanian economy were developed at the
Institute of Economic Research in Bucharest by the research team led by E. Do-
brescu (National Institute for Economic Research 1992). They were fully supply-
determined models that stressed restrictions in energy supply. The min condition
was applied to two alternative GDP estimates, one generated from a two-factor pro-
duction function and the other obtained by dividing the available energy stocks by
the energy-output ratio assumed. The available imported energy was determined as-
suming exogenous balance of trade and estimated maximum volume of exports. The
model had investment-generating equations and a system of deflators. It was treated
as an experimental system.

Over the next several years, a new series of macroeconometric models of the
transition economies was developed in Romania. The first of them appeared in 1996.
The next versions were updated and re-estimated every year until 2000. The models
were annual medium-sized macroeconometric models, where the production sector
was disaggregated first into 5 and then into 4 sections. They had an explicit demand
orientation. They generated final demand components determining output and indi-
rectly employment.

The models’ equations were specified in a somewhat atypical manner. All
stochastic equations were linear and included lagged endogenous variables. The
use of OLS did not necessarily lead to consistent parameter estimates. In many
equations, the thus introduced inertia outnumbered the other explanatory variables.
A striking example of the models’ peculiarity was the way GDP was determined:
it was derived not from an accounting identity, but from a regression equation. The
explanatory variables included domestic final demand and exports, as well as money
supply and the government budget deficit. After inertia were introduced, the autore-
gression coefficient increased to as much as 0.99. The specification of the consumer
and investment functions were also far from standard. Demand depended mainly
on real disposable incomes that were determined for the investment function as a
residual from an identity balancing national income distribution in nominal terms.

The production function was not explicitly defined in the model. It was used to
determine the labour productivity function, which was applied to generate labour
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Č
SR

S,
E

st
on

ia
,

H
un

ga
ry

,
L

ith
ua

ni
a,

L
at

vi
a,

Po
la

nd
,

R
om

an
ia

,
Sl

ov
ak

ia

3 19
98



9.2 The Models of the Transition Economies 169

Ta
bl

e
9.

2
(C

on
tin

ue
d)

C
ou

nt
ry

M
od

el
V

er
si

on
Y

ea
r

In
st

itu
tio

n
A

ut
ho

r
Fr

eq
ue

nc
y

Sa
m

pl
e

E
qu

at
io

ns
to

ta
l

st
oc

ha
st

ic

D
ec

om
po

si
tio

n
E

st
im

at
io

n
m

et
ho

d
Pr

op
er

tie
s

A
pp

lic
at

io
ns

N
IG

E
M

20
02

N
IE

SR
U

K
R

.B
ar

re
ll

et
al

.
Q

ua
rt

er
ly

21 11
C

ze
ch

R
ep

.,
E

st
on

ia
,

H
un

ga
ry

,
Po

la
nd

,
Sl

ov
en

ia

N
eo

-K
ey

ne
si

an
m

od
el

s
be

in
g

co
m

po
ne

nt
s

of
th

e
N

IG
E

M
m

od
el

of
w

or
ld

ec
on

om
y;

FD
I

m
aj

or
fa

ct
or

of
gr

ow
th

Si
m

ul
at

io
n

an
al

ys
es

i.a
.

fo
r

th
e

pr
e-

ac
ce

ss
io

n
pe

ri
od



170 9 The Models of the Middle and East European Countries

demand. The model had a large sector with equations accounting for financial flows
and prices, but no transmission to the production sector was introduced (Dobrescu
1998).

The above versions of the model were frequently used in the simulations of the
monetary policy impacts and in forecasting activities (Dobrescu 1999). The 2000
version that was systematically developed between 2001 and 2004 helped update
Romania’s pre-accession programmes (Dobrescu 2000, 2003).

The new annual macroeconometric model of Romanian economy built in 2005
had a sample starting in 1989 (the beginning of transition) and ending in 2004. It was
argued therefore that unlike the previous models describing economies in transition
whose data started with 1982 this model represented the market economy mech-
anisms (Dobrescu 2006). The new model was enlarged by linking it with an I-O
submodel where the economy was divided into 6 sectors following data aggregation
in the I-O table having 106 industries.

The structure of the new model changed considerably. Quite unexpectedly, it
became supply determined. GDP was generated from the Cobb-Douglas produc-
tion function with calibrated elasticity with respect to employment. An interesting
novelty was the introduction of total factor productivity, which was explained in a
rather nonconventional manner. Employment was dependent on output allowing for
changes in the labour market. Final demand depended on disposable incomes be-
ing a component of value added (in nominal terms), on interest rates and, regarding
investment demand, on FDI. As a result, the model did not have the consumption
multiplier. It had the supply accelerator instead, because investments ensured an in-
crease in fixed capital and output. The model had blocks of equations explaining
prices and wages and financial flows. It was used to perform many policy simula-
tions and medium-term forecasts.

Nearly parallel with the construction of the above models an attempt was made
to build an empirical model of computable general equilibrium (CGE) for Romania.
The model was based on the data from the I-O table (with 11 industries) and from
national accounts covering the years 1989–1995. It was a static structure, which
stressed the impacts of energy restrictions in the Romanian economy (Ciupagea
et al. 1996). This research was discontinued because the structure of the Romanian
economy changed too much and the authorities were insufficiently concerned.

9.2.8.2 The HERMIN Model

At the turn of the 20th c., C. Ciupagea constructed a subsystem for Romanian econ-
omy (2001) within the HERMIN system of macroeconometric annual models of the
EU’s “peripheral” countries (Bradley et al. 1995). The model had a modern struc-
ture. It was disaggregated into four sections. This increased the model’s efficiency
in describing economic processes taking place in a system moving towards a market
economy and made it a better instrument for performing simulation analyses of the
preconditions and impacts of accession to the EU.
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The model was demand oriented. Following the convention assumed for the
HERMIN models, three blocks of equations were distinguished in it: supply (en-
terprises), absorption and financial flows. In the enterprise block, the demand for
products of the 4 distinguished industries was determined as a weighted average
of the final domestic and foreign demand, the weights being obtained from the I-O
tables. However, indicators of competitiveness representing the supply side were
additionally added to the above equations. The demand for production factors was
generated from the inverted CES production functions.

The model was used independently mainly for simulation analyses of the acces-
sion to the EU and for policy simulations performed within the HERMIN system of
models.

9.2.8.3 The New Macroeconometric Models

More recently, new attempts at constructing models of Romanian economy were
presented. Among the interesting proposals, there was an experimental, small an-
nual model (Stancu and Sava 2007). It distinguished three blocks of equations ex-
plaining three markets: products, labour and financial markets, which were weakly
dependent. The production block was demand oriented and contained a system of
simultaneous equations generating final domestic and foreign demand. The financial
market block generated money demand and state budget revenues, including bond
issues. The small sample and collinearity being present despite the use of TSLS did
not prevent getting economically unacceptable estimates of several parameters (e.g.
negative propensities to consume or invest).

9.2.9 The Macroeconometric Models of the National Economy
of the Russian Federation

In the early transition period attempts were made in the Russian Federation to con-
struct annual macroeconometric models of the country’s economy. Following the
long-standing tradition, the models were multisectoral and stressed enterprise sec-
tor’s activities under disequilibrium.

9.2.9.1 The MACROLINK Model

The first attempt was made by Y. Stepanov from the Central Bank of the
Russian Federation. An experimental, medium-sized macroeconometric model
MACROLINK was built. This was a disequilibrium model with equations explain-
ing both demand and supply of material goods, useful for seeking balance between
the two sides. It was designed for the planners to run simulation analyses and for
developing medium-term forecasts (Stepanov 1995).
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9.2.9.2 The CEMI-RUN Models

In the mid-90s, a large project called “Region” was launched at the Central
Economic-Mathematical Institute (CEMI) in Moscow. One of its components was
the large, multisectoral, annual macromodel CEMI-RUN (Levinson 1995, 1997).
This model used an I-O submodel based on the 1994 data, which distinguished 18
manufacturing industries. CEMI-RUN generated demand as well as supply of par-
ticular groups of products, thus facilitating the search for equilibrium prices in the
economic system. The model supported policy simulations.

9.2.9.3 The BEA/CEF Quarterly Model

The market economy development in the Russian Federation in the late 1990s stim-
ulated the need to perform short-term analyses and forecasts, which called for the
construction of quarterly macroeconometric models. An important stimulus came
from the financial crisis that resulted in a deep devaluation of the rouble in 1998.
An effective instrument was needed to analyse the consequences of the crisis. This
situation led to the construction of the quarterly medium-sized model BEA/CEF of
the Russian Federation’s economy in 1999, but earlier on an experimental annual
model was built. It was constructed by E.E. Gavrilenkov from the Bureau of Eco-
nomic Analyses in Moscow in collaboration with the researchers from the London
Business School (Gavrilenkov et al. 1999). The model was definitely demand deter-
mined. Consumer demand mainly depended on real disposable income. Investment
demand was related to output, real interest rates and fixed capital. Final domestic
demand with net exports determined GDP and indirectly employment. The model
had equations explaining prices, wages and exchange rates. It was mainly applied
to run policy simulations.

9.2.9.4 The Quarterly Disequilibrium Model

Towards the end of the 1990s, a group of experts working under the TACIS pro-
gramme constructed a quarterly, one-sector model of the Russian Federation’s econ-
omy at the Ministry of Finance (Basdevant 2000). They assumed that the Russian
economy was still in disequilibrium, with prices being not capable of clearing the
markets appropriately. This approach caused that a disequilibrium model was cho-
sen. However, the model had to be specified differently than the previous models,
because it did not explicitly generate demand and supply. It explained the effective
transactions from the demand-side perspective using mixed equations represent-
ing demand (consumer, investment, foreign) adjusted for the functions of supply
gaps.7

7It should be noted that in the demand-determined models supply gaps affect prices, thus clearing
the market.
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A serious difficulty that the modellers had to overcome was posed by the estima-
tion of potential output that was needed to generate the supply gap. Potential output
was obtained from the Cobb-Douglas production function with constant returns to
scale, where fixed capital was the factor limiting production. The official data on
fixed capital could not be used, because their level did not change considerably in
the 1990s, although GDP declined by half over the decade. The “effective” level
of fixed capital was estimated with the Kalman filters. This constructed model was
primarily used to perform policy simulations.

9.2.9.5 The Annual Structural Model

In the first years of the 21st century, the economic situation in the Russian Federation
stabilized, becoming increasingly similar to a typical market economy. In macroe-
conometric model building, this process was reflected by the tendency to construct
models analogous to standard market economy models, but taking account of the
likely imbalances.

The Centre of Macroeconomic Analyses and Short-term Forecasting in Moscow
built multisectoral, annual model along these lines (Mikhaylenko 2004). Economic
activities were decomposed in the model by distinguishing several sections and
10 manufacturing industries. Hence a large number of identities were introduced,
which helped balance the results of economic activities. The model had a large
number of stochastic equations, in excess of 100. The large number of exogenous
variables in the model (around 100) somewhat impeded its operation.

The model was demand determined. However, the equations explaining final de-
mand were specified in a definitely non-standard manner. Final demand almost ex-
clusively depended on real incomes. The only determinant of household demand
represented by retail sales was real disposable income. The demand from public in-
stitutions was determined by the federal budget’s tax revenues. Investment demand
was dependent on investment funds, its most important component being profits.
The above incomes were generated in the production process (real wages were ex-
ogenous). As a result, the following feedback was defined in the model: incomes
determined final demand, then output and finally incomes.

As shown by the above specification, transmission from the financial to the real
sector (for instance via interest rates) was omitted; likewise expectations of eco-
nomic agents.

A special property of the model was its mixed specifications of the equations
in the production sector. Particular industries’ demand for commodities was deter-
mined not only by the components of final demand (exports, retail sales, competitive
imports) and intermediate demand, but also by the indicators of financial assets rep-
resenting restrictions in supply.

The model’s interrelated system of price equations was defined, including CPI,
PPI, an exchange rate and a GDP deflator. In the PPI specification, energy (imports)
prices played a crucial role, while labour costs were neglected. These specifications
show that the second major feedback in the model ran through the balance of pay-
ments; it did not contain the inflationary loop.
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The sector of financial flows including the equations explaining federal budget’s
incomes and expenditures and money flows was broadly represented in the model.

The main purpose of the model was medium-term forecasting and policy simu-
lations.

9.2.10 The Macroeconometric Models of the Slovak National
Economy

9.2.10.1 The SR Models

In Slovakia, the major force stimulating the development of macroeconometric mod-
elling activities was the experienced research team first led by I. Šujan and then by
M. Olexa from the research Institute INFOSTAT in Bratislava.

The first SR-1S model of the Slovak economy referring to the previous models
was built in 1993. It was a small, semi-annual model run with data derived from
the SNA system (recalculated for the 1980s from the MPS system). The model was
definitely demand determined. GDP was generated as a sum of the final demand
components. The equations explaining foreign trade were specified with some at-
tention to detail in order to identify Slovakia’s links with the Czech Republic. GDP
determined employment and influenced the level of unemployment, taking into ac-
count labour supply. The model had a system of price equations and an equation
explaining average wages that were dependent on the rates of inflation and unem-
ployment. The model closed with the equations explaining state budget’s revenues
and expenditures. It was used for preparing forecasts and as a point of departure for
the construction of its successive versions (Šujan et al. 1995).

In 1994 the model was substituted by the annual, one-sectoral model SR-01 of
a similar size, which was enlarged later by decomposing foreign trade into ca. 100
equations (Haluška et al. 1995). Both models were demand oriented. Consumer de-
mand was generated from the Houthakker-Taylor consumption function. Investment
demand depended not only on GDP increase and the lagged value of investment, but
also on investment funds corrected for real interest changes. The model generated
also potential output from the Cobb-Douglas production function and its rate of uti-
lization. The 1995 version distinguished equations explaining exports and imports
for 4 groups of commodities in foreign trade, which qualified it for being a compo-
nent of the Project LINK system of world models. The models were used to prepare
medium-term forecasts and to run policy simulations (Haluška et al. 1995).

In the same period a small quarterly model of the Slovak economy was built for
short-term forecasting and economic analyses.

9.2.10.2 The EMSE Models

In the second half of the 1990s the research team led by M. Olexa built a new series
of macroeconometric models of the Slovak economy in transition, which were pri-
marily intended as a forecasting tool (Olexa et al. 1997). The first version EMSE-1.0
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was a multisectoral, annual model of medium size, whose structure differed consid-
erably from its predecessors’. Firstly, it had a mixed orientation: output was gener-
ated from the production function and its balance with final demand was obtained
through appropriate changes in inventories (in current prices). Secondly, production
was assumed to equal total supply defined as the sum of GDP and imports. Fol-
lowing the W. Krelle’s proposition, the model builders assumed that the imports
were an important production factor. Hence the production function should explain
total supply and the production should include imports. As a result, GDP was sup-
ply determined. Both GDP and imports were used for explaining changes in the
consumer and investment demand and in employment. Therefore, the model had a
supply accelerator, but not a consumption multiplier. It included a system of price
equations and an equation explaining average wages that depended, i.a. on the rate
of unemployment.

The next version EMSE 2.0 was larger, because foreign trade was decomposed
into four commodity groups (Olexa et al. 1999). The parameters of the models equa-
tions were estimated with OLS.

9.2.10.3 The Quarterly QEM-ECM Macromodels

At the beginning of the 21st c., a new series of quarterly QEM-ECM models was
developed at INFOSTAT. The parameters of the models’ equations were estimated
with ECM, hence the second component in their name. It was, however, more im-
portant that their authors resumed the “classical” specification of models meant for
the market economies, stressing the need for conducting short-term analyses. The
models were simultaneous and included many non-linearities.

The demand for domestic production (GDP) was determined from the known
accounting identity, as a sum of final domestic demand and net exports. Consumer
demand depended on real disposable income and consumer credits. Disposable in-
come was mainly related to wage incomes, the latter being influenced by employ-
ment. Employment was dependent on GDP, which completed the feedback (the con-
sumer multiplier). The main determinant of investment demand was GDP, assuming
that the model had the accelerator. Although the model included a system of price
equations, the most important GDP deflator was obtained by dividing nominal GDP
by real GDP, which did not facilitate the analysis of inflation. Average wages were
dependent on retail prices, labour productivity and the rate of unemployment. Un-
employment was obtained as a residual from the difference between labour force
supply and labour demand (Haluška and Palčákova 2004).

An attempt has been made very recently to utilize the information offered by
economic cycle surveys in the macromodels (Haluška and Olexa 2005) and in the
short-run estimates of the GDP growth rates (Haluška and Olexa 2007).

9.2.10.4 The Macroeconometric Models of the Institute of Economics

In the mid-90s macromodelling activities were conducted not only at INFOSTAT,
but also at the Economic Institute of SAV in Bratislava, where the research team
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led by V. Pàlenik was active (Benĉik and Pàlenik 1993; Pàlenik and Benčik 1995;
Benĉik 1996). The small, demand-determined quarterly model they constructed had
several variants. Its 1996 version had a production function to deal with the supply
side (labour productivity was, in fact, explained). It was used to produce regular
forecasts of the development of the Slovak economy. In 2004, the model was recon-
structed. The long-term relationships and short-term adjustments were distinguished
and the ECM approach was used to estimate its parameters (Ďuraš et al. 2004).

9.2.10.5 The Macroeconometric Models of the Slovak National Bank

At the end of the 1990s, the Slovak Central Bank (NBS) expanded its macroeco-
nomic modelling activities. A quarterly model of the Slovak economy was con-
structed to support regular forecasting activities and analyses of the monetary pol-
icy impacts (Gavura and Tkăč 2000). As well as having the real sector, the model
was also provided with an extended financial sector including state budget’s rev-
enues and expenditures and many components of money supply to suit its purpose.
It was a small, quarterly model. It distinguished the long term relationships, fre-
quently calibrating the parameters at the unit level, and the short-term adjustments.
The parameters of the stochastic equations were estimated with ECM.

The model was demand determined. Its equations were specified in line with
the modern standards. The components of final demand determined GDP. GDP in-
directly affected consumption and investment, thus introducing the relevant feed-
backs into the model. Financial wealth was added in the consumer demand function
as an additional explanatory variable. The investment demand function took account
of the self-financing of firms, in addition to GDP. Employment was dependent not
only on GDP, but also on real wages. Producer prices were cost determined. Real
average wages were linked to labour productivity and the rate of unemployment.
The financial sector was substantially extended with the state budget components
and money circulation. The model was regularly used in forecasting and enabled
many policy simulations.

9.2.11 The Macroeconometric Models of the Slovenian National
Economy

At the end of the 90s, a quarterly model of Slovenian economy was built at the
Klagenfurt University (Austria) by the research team led by R. Neck. The model
was mainly intended for policy simulations (Weyerstrass et al. 2001). It had many
versions. Versions 3 (2001) and 4 (2002) were used to analyse the likely impacts of
fiscal and monetary policy using the optimal control methods (Haber et al. 2002).
Version 6 was applied to study the potential effects of Slovenia’s accession to the
EU (Weyerstrass and Neck 2007).
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The model and all its variants were one sectoral. They were demand oriented in
the short-run, with a neoclassical enterprise sector. The potential output the model
generated depended on labour supply reduced by structural unemployment. The
most recent versions distinguished the long-term relationships and the short-term
adjustments. The estimation procedures used the ECM approach.

9.2.12 The Macroeconometric Models of the Ukrainian National
Economy

In the mid-90s, first attempts to construct the annual macroeconometric models
of the Ukrainian economy were made in the research institutes of the Ukraine
Academy of Science (UAS). The basic assumptions for their construction were for-
mulated by L. Łukinov and O. Bakaev (Łukinov et al. 1997). The operational models
were built later on.

9.2.12.1 The INTAS Model

The major research centre that promoted model building was the Institute of Eco-
nomics and Forecasting, UAS. The research team led by V. Heyets and M. Skrip-
nichenko constructed the small, one-sectoral, annual model INTAS of the Ukrainian
economy, which was expanded in the next years. It was used in medium-term fore-
casting and policy simulations.

The INTAS model had a mixed orientation, thus resembling some other models
built for economies in transition. The point of departure was global supply generated
from the production function. In addition to the primary production factors (fixed
capital and employment), imports (reduced by investment imports) were also used.
GDP was obtained from an identity, by deducting imports from global supply. GDP
was used to determine employment (allowing for fixed capital) and fixed capital
increases. Consumer demand of both households and public institutions depended
on GDP; investment demand was additionally linked to the real interest rates.

The exports equation had a mixed specification allowing for both demand and
supply. Imports were decomposed by destination. Foreign trade balance was ob-
tained as a residual. The model also presented the first estimates of state budget’s
revenues and expenditures. Prices were exogenous and were mostly used to calcu-
late variables in nominal terms.

The uncommon specifications of the non-linear equations are worth noting. The
reciprocals of the variables were explained through the reciprocals of the explana-
tory variables. It seems a rather strange way to introduce non-linearities, although
it allows to use linear relationships. The equation parameters were estimated with
OLS (Heyets and Skripnichenko 1997). The model was used to run policy simula-
tions and to prepare the first medium-term macro-forecasts, which extended to the
year 2005 (Heyets and Skripnichenko 1996).
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The financial flows sector in the model was subsequently enlarged to enable the
analyses of government revenues and expenditures (Heyets 1998). The next versions
of the model supported policy simulations and medium-term forecasting.

In the late 1990s, several attempts were undertaken to construct minimodels that
could be used to prepare the short-term forecasts of Ukrainian GDP. A VAR sup-
ported model was tried in Parkhomenko (1998).

9.2.12.2 The Annual Multisectoral Model

Between 2002 and 2003, research activities that aimed to construct a multisectoral,
annual, medium-size model of the Ukrainian economy were undertaken under the
leadership of O. Bakaev at the International Centre of Information Systems and
Technology in Kiev. The model was to serve practical purposes. Its basic “product-
oriented” version generated per capita output and consumption of several com-
modities (in agriculture also the sowing area and crops) from the pertinent regres-
sion equations. The “investment” version of the model was reduced to the major
macrocharacteristics.

Presenting an unambiguous characterisation of the model is not easy. Generally,
it seemed supply oriented. The rate of GDP growth in its basic version was obtained
as an average of the growth rates of particular products. In the investment version,
the rate of GDP growth depended on the exogenous share of investment in GDP.
Final demand was not defined. Instead, retail sales were explained in the model.
Investment demand (in the product-oriented version) depended on financial means.
Employment was linked to GDP. Prices represented by the exogenous deflator of
GDP were used to express GDP in nominal terms, to calculate GDP distribution
and the primary incomes. The incomes were the source of budget’s tax revenues
(Bakaev et al. 2004).

This somewhat peculiar structure caused that the model was mainly used for
policy simulation purposes.

9.2.13 The Multicountry Models of the Middle and East European
Countries

In the period of the countries’ transition to a market economy, macroeconometric
models reflecting their transforming systems were developed. The models were ei-
ther composed of identical submodels constructed for the particular countries, such
as the LAM models, or of the submodels of larger systems explaining the peripheral
European countries, e.g. the HERMIN models, or the world economy, for instance
the NIGEM model.

9.2.13.1 The LAM Model

The quarterly, small model LAM (Long-Run Adjustment) was constructed by
W. Charemza in the early 1990s. It was operated for many years at the Gdańsk



9.2 The Models of the Transition Economies 179

University’s Centre of Macroeconomic and Financial Information and at the Le-
icester University. Its first version LAM 1 covered Poland and Czechoslovakia; the
next one was extended to include the Czech Republic, Estonia, Hungary, Lithuania,
Poland, Romania and Slovakia. The models included equations explaining the pro-
duction and financial flows sectors. In the LAM 3 version of the model an equation
explaining final demand was added (Charemza and Makarova 1998).

The final demand equation was neo-Keynesian—GDP was obtained as a net sum
of the final demand components. The model generated also potential output and the
rate of its utilization. Potential output was obtained from the Cobb-Douglas produc-
tion function. The production factors did not include fixed capital; the energy use
was introduced instead. The model generated prices and wages, as well as budget’s
revenues and expenditures and money demand.

Although the equations explaining foreign trade conformed to a standard speci-
fication, not a single attempt was made to distinguish the commodity flows within
the Middle European countries. Hence the models did not represent an interlinked
system. The model was regularly used in short-term forecasting and policy simula-
tions.

9.2.13.2 The HERMIN Models

It the second half of the 1990s, the HERMIN model built for the peripheral Euro-
pean countries was extended to new countries that pursued EU membership. These
research efforts were initiated and coordinated by J. Bradley. The models had sim-
ilar structures, but they also took account of the special characteristics of the coun-
tries they described, as indicated by the models for Poland (Bradley and Zaleski
2003) and Romania (Ciupagea 2001). Because the models were not linked through
the foreign trade flows, they were operated on a stand-alone basis, not as a system.
They were mainly used to prepare simulation analyses of the likely impacts of the
countries’ accession to the EU.

9.2.13.3 The NIGEM Model

The initiative to extend the world economy model NIGEM by including the macroe-
conometric models of the five transition countries is worth noting. These were on
behalf of respective five central banks models of the following countries: the Czech
Republic, Estonia, Hungary, Poland and Slovakia (Barrel et al. 2002). The mod-
els were built to provide the central banks with instruments facilitating simulation
analyses of the likely fiscal and monetary policy impacts, taking into account the
conditions of the projected accession to EU and then to EMU.

Because only small data samples were available, the parameters of several long-
term equations were calibrated relying on the NIGEM estimates for the other coun-
tries. The parameters of the short-run adjustment equations were estimated jointly
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with the sample covering all five countries. The country-specific effects were repre-
sented by constants treated separately for each country. The estimation process used
the ECM approach.

The above models were structured in a way that did not greatly differ from the
standard applied to the system of the NIGEM models. The approach stemmed from
the belief that the countries in question had already adopted (more or less success-
fully) the market mechanisms. A more detailed description of the models can be
found in the earlier presentation of the Hungarian model (see also Jakab and Kovács
2001).

The models of the five countries did not enter into an interrelated system, as they
were not linked either by foreign trade financial flows. It must be stressed that the
countries’ economic growth was mainly driven by FDI and economic reforms, as
illustrated by many policy simulations.

The models of the Middle and East European countries having different levels
of disaggregation were present in the regional and world models, where they were
frequently distinguished as separate submodels of the transition countries. In many
such models, e.g. in the Project LINK system, they were linked to other models,
mainly via foreign trade.

9.2.14 Final Remarks

In the countries moving towards a market economy the developing macroeconomet-
ric modelling activities had to overcome many serious difficulties. Many researcher
centres believed pessimistically that the economic processes taking place in the tran-
sition countries were so much different from those typifying the previous regimes
that the most reasonable thing was to wait for the data series on the transition period
to become sufficiently long. For the quarterly models this was to happen in 1995
and for the annual models the new century seemed most appropriate.

A positive exception to the mainstream trend was the research centres in
Bratislava (INFOSTAT) and Łódź (IEiS UŁ). They agreed that the data for the 1980s
and earlier years could be useful, if a change in the regime was assumed to take place
in the early 1990s. A verification process was applied to test the parameter stabil-
ity hypotheses with respect to the functions of consumer and investment demand,
production, average wages, prices, etc. The two research centres initiated and coor-
dinated the work on constructing and implementing the new versions of the annual
models for Czechoslovakia and then for Slovakia (INFOSTAT), and the W-5 and
subsequently W-8 models for Poland (IEiS UŁ). At the same time, they also built
and maintained quarterly models used in the short-term forecasting and simulation
analyses of the fiscal and monetary policy impacts.

These developments encouraged many other transition countries to construct
their own macroeconometric models in the second half of the 1990s. These were
mainly the quarterly, demand-determined models that addressed economic agents’
rising sensitivity to market signals. However, the macromodels of several countries
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(Romania, the Russian Federation, and Ukraine) were initially mostly supply deter-
mined. Many mixed equations combining the demand and supply functions were
specified. Such specifications were hardly acceptable, considering the economic
content and problems of simulation analyses.

The practical significance of the quarterly models was enormous. They were reg-
ularly used to produce forecasts and numerous policy simulations. Their structure
did not substantially differ from the standard models of the market economies. Only
few countries maintained annual, large, multi-sectoral models to make medium-
term forecasts and economic analyses. The long-term analyses were initiated by the
Łódź centre. It also used the W-8D model to construct the development scenarios of
knowledge-based economies.

The Czech and Polish central banks attempted to construct the quarterly DSGE
models that following the hopes of their authors might replace the standard models
in the future, which does not seem feasible, however.

Most macroeconometric models functioning in the transition countries were esti-
mated with advanced techniques that allowed distinguishing the long-term relation-
ships and the short-term adjustments.
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Łapińska-Sobczak, N., Tomaszewicz, Ł., & Welfe, W. (1979). Modelling of financial and monetary
flows in Poland (Mimeo). Paper presented to the Colloque international: models monetaires et
financiers, A.E.A., Banca d’Italia, G.A.M.A. Rome, 7–10 February. Łódź.
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Chapter 10
The Macroeconometric Models of the European
Union and the EURO Area

10.1 The Models of the European Union

10.1.1 Introduction

In the first years following the establishment of the European Union, forecasts and
policy simulations for this expanding area were based on the world models. The
models distinguished the macromodels of particular countries or their groups, for
instance of the EU members. A relevant example is the Project LINK, MULTIMOD,
INTRELINK, and QUEST models maintained by international organizations, as
well as models run by central banks and research institutes. These models will be
characterized in the last chapter.

Influenced by developments associated with PROJECT LINK, at the beginning
of the 1970s the above situation contributed to the construction of the DESMOS
model. The model covered 9 member countries of the European Economic Commu-
nity (EEC). Waelbroeck and Dramais (1974) used it to analyse international trans-
mission mechanisms, concluding that they were still weak.

In the mid-90s, many initiatives were undertaken to build macroeconometric
models for countries being EU members along the lines used to construct the world
models. No attempts were made, though, to link particular countries together. This
group of models contains the small SLIM model (Douven and Plasmans 1986),
the EUROMON model built at the Netherlands Central Bank in the mid-90s, the
HERMIN model for the peripheral EU countries and the MAC SIM model for 6 EU
countries.

The attempts to construct macroeconometric models for the European Union
treated as a single economy were distinguished by their originality. They allowed
for the growing number of EU members. The first of them date back to the second
half of the 1980s, when A. Dramais proposed building the COMPACT macromodel
for 10 countries. A new EU model was constructed outside this organization only
in the year 2003. These models will be presented below. These developments are
summarized in Table 10.1.
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10.1.2 The EUROMON Model

The macroeconometric model EUROMON (European Model of Netherlands Ori-
gin) was constructed at the Central Bank of Netherlands in the mid-90s to analyse
the integration processes between the EU members. Covering 8 largest EU coun-
tries, i.e. Belgium, Denmark, France, Germany, Italy, Netherlands, Spain and United
Kingdom, the model was open to include more members in the future. Since 1996
the model has regularly supported forecasting activities, as well as being used to run
numerous policy simulations (de Bondt et al. 1997).

EUROMOD was a quarterly model. Its first version using the 1970–1990 data
was subsequently extended to the year 1995. Because the models of particular coun-
tries were of medium size, the whole system totalled around 900 equations, ca. 250
of which were stochastic.

The country models were structured uniformly to ensure their comparability. The
differences between particularly countries were expressed mainly by different val-
ues given to constants and elasticities. The equations in particular models were
specified by referring to the solutions accepted for the MORKMON II model of
the Netherlands economy run by the Central Bank (Fase et al. 1992).

The EUROMOD model had a Keynesian orientation. In the short-run, output
and employment were determined by final demand. Prices and wages were rigid;
prices adjusted to unit costs plus a mark-up with lags. Wages were formed in a
bargaining process. The model included equations generating potential output and
labour supply; the rate of capacity utilization was endogenized. This model had an
advantage over the other model system in that it had an extended financial sector
with equations explaining major components of banks’ assets and liabilities.

The parameters of the model’s equations were estimated using a two-step proce-
dure. The parameters of the long-run equations were estimated in the first step and
then the parameters of the short-term adjustments, using the ECM method.

10.1.3 The MAC SIM Model

At the end of the 1990s, the INSEE launched a research project involving six major
EU countries, i.e. France, Germany, Italy, Netherlands, Sweden and United King-
dom. The project was led by J.L. Brillet and its aim was to provide an educational
and analytical tool enabling the exploration of EU integration processes and in the
future of countries’ accession to the EMU (Brillet et al. 1999). The equations were
specified in almost the same way for all countries, following the example set by the
Micro DMS model built at the INSEE.

The model was demand determined, with strong emphasis laid on the likely dis-
equilibria. In particular, the model builders took efforts that the utilization rate of
potential output was generated. The rate affected investment demand, foreign trade
and prices. Bilateral links between the countries were introduced into the model
via foreign trade and exports and imports prices, which positively distinguished it
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among the models constructed for groups of countries. Equation parameters were
estimated using a two-step procedure; the ECM was used to estimate the equation
parameters of the short-term dynamic adjustments.

10.1.4 The HERMIN Model

The system of the HERMIN models that J. Bradley developed for the peripheral
EU countries was to serve special purposes, such as running simulations to study
the conditions and effects of new countries’ joining the EU (Bradley et al. 1995).
The HERMIN models were medium size, with extended supply sectors. The CES
production function played the major role in generating the dynamics of the produc-
tion factors and in showing the effects of economic growth. The first model of the
series was built for Ireland (Bradley and Fitz 1991); the next were the components
of the international HERMIN project for Portugal, Spain and Greece (Bradley et al.
1995). Before all 10 new countries joined EU in 2004, successive models were con-
structed for several of the candidate countries, i.e. Hungary, Poland and Romania.
These developments have been characterized in some detail in the previous chapter.

10.1.5 The GEM-E3 Model

Special CGE model was built in the late 1900s to provide details on the macroe-
conomies and their interactions with the environment and the energy system. It rep-
resented 14 EU member states either non-linked or linked throughout endogenous
bilateral trade flows (Capros et al. 1997; Buscher et al. 2001).

10.1.6 The COMPACT Model

The comparative analyses of the economic characteristics of the countries being the
first EU members led to the conclusion that the countries were similar enough to
justify the construction of a macroeconometric model for the entire EU treated as a
single economy. Many problems were common to all member states, such as fluctu-
ating rates of inflation, the behaviour of the unemployment rate, etc. As a result, in
the mid-80s the European Committee decided to construct a “prototype” model for
the EU. The ensuing COMPACT macroeconometric model was built under the lead-
ership of A. Dramais (Dramais 1986). This medium-sized model with 54 equations
34 of which were stochastic used annual data on 10 countries.

Output was determined in the model by final demand, but employment was gen-
erated from a disequilibrium condition applied to the Keynesian demand, neoclas-
sical demand and labour supply. Investment depended on the ratio between the ex-
pected output and the available fixed capital. The expectations of production and
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inflation were determined through extrapolation. The COMPACT model contained
a detailed specification of public sector’ revenues and expenditures. It was system-
atically used as a tool for running the simulations of EU policy.

10.1.7 The Aggregated Model for the European Union

Several years elapsed before the research on an aggregated macroeconometric
model for the European Union was resumed. It happened in the early 21st c. at
the University of Rome (Bognai and Carlucci 2003). To some extent, the model
was a continuation of the Dramais’ model. It was a small, annual model with 34
equations, 24 of which were stochastic, which used the aggregated data for 12 EU
countries. Its distinctive feature was the use of modern econometric techniques.

The model’s structure assumed an open economy and macroeconomic equilib-
rium. Three sectors were distinguished (private, public and foreign) and four mar-
kets (production, domestic industry, foreign market and capital market). The model
stressed the importance of analysing the monetary and fiscal policy impacts.

In the model, GDP was determined by demand. Consumer demand solely de-
pended on real disposable income whose nominal value was residual; personal
wealth as well as expectations occurred to be non-significant. In the long run in-
vestments were determined by output (accelerator) corrected for the user costs of
capital.

As a result of cost minimization, employment was determined from the Cobb-
Douglas production function. Wages were determined in the long-run by labour
productivity and the rate of unemployment. Prices depended on labour costs and
imports prices. Besides, the model had extended equations in the financial sector
that explained, inter alia, interest rates as well as capital movements in the balance
of payments.

The model was used many times to run policy simulations. The multipliers were
calculated to show the impacts of declining public consumption and investments,
deteriorating terms of trade and devaluation vis-à-vis the US dollar.

10.2 The Models of the EURO Area

10.2.1 Introduction

Following the decision establishing the European Monetary Union (EMU) at the
end of the 20th c., international organisations made a series of attempts in the early
years of the new century to construct macroeconometric models to describe the
EURO area alone, or as the components of the world-wide models. The results of
the efforts were discussed at international conferences, e.g. in Berlin in 2002, as well
as becoming the subject of several comparative studies (Issing 2004). Let us mention
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first the activities of the Central European Bank that will be described more in detail
below. Then a model was built at the Economic Research Institute in Halle (Dreger
2002). The OECD constructed a special model, in principle demand determined,
including three groups of countries: the EURO area, USA and Japan and the rest of
the world (Rae and Turner 2001). The INSEE also built a special model MZE. The
forecasts and policy simulations generated by the world models began routinely to
distinguish the EURO area. For summary description see Table 10.2.

10.2.2 The Models of the European Central Bank. The AWM
Model

Before the European Monetary Union was finally established on 1 January 1999,
attempts had been made to provide the European Central Bank (ECB) with efficient
instruments enabling economic analyses of the EURO area. They were to illumi-
nate the potential impacts of monetary policy for keeping inflation under control
and its rates within the targeted limits. Within several years, a system of models was
built. It included the extrapolation of the selected time series, a DSGE model for
shock analyses and medium-sized macroeconometric models that played the ma-
jor role in forecasting and policy simulations. An ambitious undertaking was the
project to construct an annual Multi-country Model (MCM) to be composed of the
annual country models belonging to the European System of Central Banks. The
models were constructed sequentially, with the participation of the central banks of
particular countries. Let us mention the models for Belgium (Jeanfils 2000), Ireland
(Mc Guire and Ryan 2000) and Spain (Estrada and Willman 2002).

However, it was the aggregated, quarterly Area-Wide Model (AWM) constructed
by the research team led by A. Dieppe and J. Henry just before the EMU was
formed that played the main role in ECB’s modelling activities (Henry 1999; Fa-
gan et al. 2005). The model was improved over its lifetime and regularly supported
the short- and medium-term forecasting and many policy simulations (Dieppe and
Henry 2004; Fagan et al. 2005). It became the subject of an interesting comparative
analysis where it was juxtaposed with three world models distinguishing the EURO
Area: MULTIMOD, NIGEM, QUEST. The results were presented by K.F. Wallis
during an international meeting held in Berlin in 2002 (Wallis 2004).

The successive versions of the model were largely alike. All were medium size,
with only 15 stochastic equations. They stressed the specification of the supply sec-
tor. A neoclassical approach prevailed in the long-run, while in the short-run GDP
was determined by demand.

In particular, output was generated from the Cobb-Douglas production function
in the long-run. This function was used to determine the demand for production
factors. A natural unemployment rate equal to NAIRU was assumed.

In the short-run, GDP was determined by final demand. Consumer demand de-
pended on real disposable income and personal wealth. Investment activity was de-
termined by the demand for fixed capital allowing for accelerator effects, on user
investment costs (linked to interest rates) and on depreciation.
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The model had several equations explaining prices and wages. The GDP deflator
was dependent on labour costs, import prices and the demand gap. The rate of wages
growth depended on labour productivity, the current and lagged rates of inflation and
the unemployment rate’s deviation from its natural value.

The block of equations for financial flows included the major components of the
government budget. The balance of payments components were determined from
the standardly constructed export and import functions for commodities and services
flowing outside the EURO area.

As a result of ECB’s modelling activities, a small macroeconometric model was
additionally constructed in 2000. Its special property was that it used rational expec-
tations. It distinguished inflationary expectations and lags in wage bargaining. These
neo-Keynesian rigidities helped define the short-term adjustments in the model. The
model was used in analysing the impacts of alternative monetary policies (Coenen
and Wieland 2005).

The DSGE model for the EURO area that paved the road for other models of this
class was constructed in a way resembling the ECB’s approach to modelling (Smets
and Wouters 2003).

10.2.3 The MZE Model

At the beginning of the 21st c., the INSEE built the small, quarterly model MZE for
the EURO area (Beffy et al. 2003). It was one of the first models constructed for this
area where it was treated as a single economic organism. The model had over 20
equations, 15 of which were stochastic. The parameters of the equations were esti-
mated using the quarterly Eurostat data (partly adjusted) from the years 1992–2000.
The model distinguished the long-term relationships with partly calibrated parame-
ters and short-term adjustments with parameters estimated with ECM.

The model had a hybrid structure. Demand was neo-Keynesian, while supply
was neoclassical in the long-run. Household consumer demand depended on real
disposable income and real interest rate. Investment demand was linked to value
added and real user costs of investment. The Cobb-Douglas production function
with constant returns to scale was used to determine the demand for employment
that additionally depended on real wages. It was also used to generate potential
output in the long-run.

Wages were linked to the rate of inflation (in the long-run elasticities were cal-
ibrated assuming that their value was 1), labour productivity and the rate of un-
employment. Labour supply was determined, likewise the rate of unemployment,
including NAIRU. Prices depended on labour costs and in the short run on imports
prices. The exchange rate was exogenous. The monetary sector was represented by
an equation explaining the interest rate. The model was used for preparing forecasts
and policy simulations.
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10.2.4 The MORANA Model

Between 2005 and 2006, C. Morana constructed a small model covering the 12
EMU countries (Morana 2005). He aimed to provide the organization with an an-
alytical tool for studying the sources and impacts of inflationary processes, as well
as the effects of ECB’s stabilization policy in this area. The model was structured
to stress the monetary phenomena according to I. Fisher’s monetarist theories. It
was geared to seek long-term trends in the inflationary processes. The economet-
ric techniques used in the model referred to cointegration theory, by applying the
F-VECM-X method. The model was used for conducting simulation analyses of
inflation stabilization processes.

10.2.5 A Structural Model for the EURO Economy

From 2004 to 2005 Ch. Dreger and M. Marcellino were working on a new quarterly
model for the euro-area countries (Dreger and Marcellino 2007). They produced a
small, structural model, where the EMU countries were treated as a single economic
body pursuing common monetary policy, but not fiscal policy. This approach deter-
mined the model’s structure. It was neo-Keynesian in the short run and neoclassical
in the long run. Potential output and demand for production factors were determined
from the Cobb-Douglas production function. Demand for labour was generated al-
lowing for the NAIRU unemployment rate.

The model was a system of simultaneous equations with parameters estimated by
means of the instrumental variables (IV) method. Because most variables were non-
stationary, ECM was used. The model builders estimated the long-run and short-run
parameters using the rather rarely used one-step method, which they believed was
more resistant than the two-step procedure.

The model was used in preparing forecasts (for 2–4 quarters ahead) and policy
simulations. They investigated the impacts of the following shocks: declining GDP
growth rate in the USA, rising nominal interest rate in the euro area and the euro
appreciation vis-à-vis the US dollar.
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Chapter 11
The Macroeconometric Models of the Rest
of the World Countries

11.1 Introduction

The models of the countries lying outside North America and Europe will be pre-
sented in a somewhat condensed form, the main reason being the difficulty of ac-
quiring information on the development of macromodelling activities in those coun-
tries in the last 20 years. The details of the earlier developments can be found in
the chapters of the monograph “A History of Macroeconometric” (Bodkin et al.
1991), whose authors discuss the course of macroeconometric modelling in Japan
(K. Sato), India (K. Marwah) and the Latin American countries (A. Beltran-del-
Rio). Considering that the interested reader may find there all substantial informa-
tion on that period, only concise summaries will be presented in this monograph.
The last two decades of model building in the countries mentioned, as well as in
other Asian countries and more recently in the African countries will be described
based on the available information. The crucial role of the “Economic Modelling”
journal as a source of scientific information on this area has to be acknowledged.

The researchers who have particularly contributed to the development of macroe-
conometric activities in the above countries as both initiators and advisors were
L.R. Klein and his collaborators, F.G. Adams in particular, as well as numerous
Ph.D. students at the Pennsylvania University. One of their contributions brought
an attempt to define the general rules for building the LDC models (Klein 1965). It
had a positive influence on the construction of macromodels for Developing Coun-
tries by international centres and/or local research institutions (UNCTAD, Wharton
Associates), which were frequently presented at the international Project LINK con-
ferences. The attempts to establish the macromodel building rules for Developing
Countries were continued at the IMF (Haque et al. 1990).

The development of macroeconometric activities in the rest of the world coun-
tries will be presented geographically—the presentation will start with Far East Asia
to take the reader through Asia and Africa to Latin America. It seems natural to
begin with Japan where modelling activities developed most intensively, seriously
influencing the course of modelling in the other Far East Asian countries. The next
to be outlined are the modelling activities relative to planning processes specific to

W. Welfe, Macroeconometric Models,
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China and different for India. The early models of the Arab countries will only be
sketched out, unlike the more recent modelling activities in the African countries
that will be presented more at length. The presentation will close with short infor-
mation on the models for Latin American countries. The summary characteristic can
be found in Table 11.1.

11.2 The Macroeconometric Models of the Japanese National
Economy

11.2.1 The Early Models

In Japan, macroeconometric modelling started some 10 years later than in North
America, but over the years it developed fast. The first models of the Japanese na-
tional economy were built at the research institutes in Tokyo and Osaka in the late
1950s.

At the Tokyo Centre for Economic Research (TCER) T. Uchida and T. Watanabe
constructed a small, annual macromodel in 1959. It had several mutations, including
a quarterly version. The TCER V version included a public finance submodel (Mori
1966).

In the same year, a special team of experts was formed at the Institute of So-
cial and Economic Research, Osaka University (ISER). Its members were the well-
known econometricians S. Ichimura, S. Koizumi, K. Sato, and Y. Shinkai having
the support of L.R. Klein as an adviser. Their research led to the construction of a
medium-size model containing 211 equations, 102 of which were stochastic, which
covered all types of economic activity, including an extended sector for financial
flows. However, the limited computational possibilities at that time prevented the
model from becoming operational (Ichimura et al. 1964). A small model covering
the years 1930–1936 and 1951–1958 was built instead. Its constants were mod-
ified to account for the structural changes (Klein and Shinkai 1963). Additionally,
L.R. Klein constructed a small, long-term model, which was based on 5-years obser-
vations and covered the periods from 1878–1882 to 1933–1937 (Klein 1961). The
next long-term model referring to the Klein-Shinkai model was built by H. Ueno. It
spanned the periods 1920–1936 and 1952–1958 and its main purpose was to analyse
structural changes in the manufacturing industry (Ueno 1963).

11.2.2 The Economic Planning Agency Models

Further development of macroeconometric modelling in Japan was facilitated by
the successful application of macromodels to the planning of the Japanese econ-
omy. The central role was played by the Economic Planning Agency (EPA), whose
Economic Research Institute established in 1958 was involved in the research on
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using macromodels for constructing the 7 plan for the years 1964–1968. A spe-
cial committee was formed to analyse the structure and use of econometric models,
which participated in the construction of a system of models. The system consisted
of a long-term growth model and a medium-term 60-equation model based on half-
year observations that drew on the TCER models (Tatemoto et al. 1967). In 1977,
also based on half-year observations, a medium-term multisectoral model was built.
It was linked to a large Input-Output model and was used to prepare medium-term,
disaggregated economic plans.

In the mid-60s, a quarterly, medium-size model was built for the short-term fore-
casting purposes (Shishido et al. 1968). It was replaced by a quarterly model with
more than 200 equations being a component of the EPA world model constructed
in the years 1979–1981 (Sato 1991). All the above models were updated on a regu-
lar basis. They were first used to prepare the medium-term plans and then to make
regular forecasts of the Japanese economy (Watanabe 1970).

Almost at the same time, macromodelling activities were developing at the Japan
Economic Research Centre (JERC) linked with the daily “Japan Economic Journal”.
They resulted in the construction of a medium-term annual model used for produc-
ing 5-year forecasts (Sato 1981).

11.2.3 The Bank of Japan Quarterly Models

In the 1970s, the Bank of Japan established a short-term analytical framework by
constructing a medium-size quarterly model with a fairly extended sector for finan-
cial flows. The subsequent quarterly model had over 170 equations. It had a Key-
nesian orientation. It was used for preparing short-term forecasts and simulations
facilitating the analyses of the impacts of the monetary policy pursued by the Bank
of Japan. It is worth adding that the Ministry of Finance used small quarterly models
to monitor structural changes.

11.2.4 The Macroeconometric Models of Academic Institutions

In the second half of the 1970s macroeconomic modelling developed also in aca-
demic institutions. A small, annual model of the Japanese economy was distin-
guished in the system of models, which entered into the Tsukuba-Fais model of
the world economy. It was used to prepare medium-term annual forecasts of the
development of Japan’s national economy (Shishido et al. 1980).

Another major stepping stone in the development of short-term macromodelling
in Japan was the quarterly macromodel constructed at the Kyoto University in 1975
(Amano et al. 1976). It was systematically updated and enlarged (being added the
financial and public sectors) under the leadership of C. Morigushi. It entered the
Project LINK world model. The model remained a forecasting and policy simula-
tions tool for many years.
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The quarterly model of Japanese economy built at the Keio University was in-
tended to support analyses of the interlinks between the real and financial sectors. It
was used for both forecasting and policy simulation purposes (Hamada 1978). An-
other quarterly model that K. Mori built at the university endogenized the variables
representing financial markets and financial flows.

11.2.5 The Macroeconometric Models of Commercial Institutions

The commercial institutions, especially large corporations, became involved in
macroeconometric modelling intending to meet their special needs. Worth mention-
ing are the models built at Daiwa Sec. (Daiwa’s quarterly model), Denken (a small
annual model), Mitsubishi (MRI’s annual model), Nomura Sec. (NRI’s quarterly,
medium-size model) and a commercial quarterly model NEEDS (Sato 1991).

The models predominantly had a Keynesian structure, with final demand deter-
mining output and employment. The supply sector was treated superficially. Prices
mainly depended on labour costs and imports prices. The models switched to a neo-
classical or monetarist approach with a considerable delay.

At the turn of the 1970s the first monetarist models were built in Japan: the EPA-
Shimpo was a small model with 12 equations, while the ELSA model had only 7.
Nominal national income in these models was determined by money supply and
prices by demand pressures and inflationary expectations (Sato 1991).

In the next years, major research centres, both governmental and academic, vig-
orously continued macroeconometric modelling activities. In 1978, a macroecono-
metric annual model DEMIOS of the Japanese economy was built at the Economic
Research Institute of North-East Asia (ERINA) in Niigata. It was a major compo-
nent of the system of models for 8 north-eastern Asian countries NAMIOS described
below.

DEMIOS was a large model with 81 sectors. It included detailed fiscal and mon-
etary sectors. The total number of equations amounted to 4000. It represented a
Leontieff-Keynesian framework. DEMIOS was expanded and updated from the very
beginning. It was used in many policy simulations for Japan and the system repre-
sented by NAMIOS (Shishido et al. 2007).

Let us also mention the Economic and Social Research Institute (ESRI) where
the Short-Run Macroeconometric Model of the Japanese Economy was built (ESRI
2008).

11.3 Macroeconometric Models for the Far East Asian Countries

11.3.1 The Systems of Models for Far East Asian Countries

In the late 1970s many research institutes in Japan made attempts to build systems
of models for countries in the Far East, linked by commodity flows in international
trade.
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As a result, an Asian Link System was constructed at the Kyoto University. It
included 10 ASEAN members (Indonesia, Malaysia, the Philippines, Singapore,
and Thailand), Hong Kong, South Korea, Taiwan Province, as well as Japan, USA
and the rest of the world. The countries were linked by an international trade matrix
(Ichimura and Ezaki 1985).

The ELSA system built at the Institute of Developing Economies in Tokyo was
somewhat similar to the Asian Link System in that it used the same set of coun-
tries. The difference was, though, that a monetarist orientation was built into the
specifications of the Hong Kong, Japan and USA models (Institute for Developing
Economies 1985).

In the late 1990s, the Keynesian-oriented model NAMIOS was built for seven
north-eastern Asian countries. The model included I-O structures, which were inter-
linked via the international trade matrices (Shishido et al. 1999). The model was
extended under the auspices of the National Institute of Research Advancement
(NIRA) in Tokyo (Shishido et al. 2007).

Quite recently, in the years 2005–2006, T. Ozaki from the Kyoto University built
an annual East Asian Link Model for China, Japan, S. Korea, and USA (2006),
which included a bilateral trade linkage submodel. The model was designed with a
view to evaluating the impacts of the recent fiscal stimulus packages (Ozaki 2006).
The model had forward looking variables and its specification followed the neo-
Keynesian approach (Ozaki 2011).

In the 1980s and afterwards, local research centres run by research institutes or
central banks joined in the building of the macroeconometric models of particular
countries. In many instances, their decisions to do so were inspired by their partici-
pation in the Project LINK conferences organized in their countries (Al-Din 1982).
For the limited access to sources offering detailed descriptions of the macromod-
els further exposition will be confined to the models for Indonesia, Malaysia, the
Philippines, South Korea and the Province Taiwan.

11.3.2 The Macroeconometric Models of the Indonesian National
Economy

The first models of Indonesian economy were constructed at the National Planning
Agency in the early 1980s, as part of a project aimed to build a system of models for
the ESCAP countries. They were built into the Asian Link System of econometric
models (Kobayashi et al. 1985). The Central Planning Agency and the Bank of
Indonesia made a common decision to run their macromodelling activities jointly,
as a result of which a short-term model for Indonesia was constructed in the mid-80s
(Bank of Indonesia 1986).

In the early 1990s, a new, annual macroeconometric model of Indonesian econ-
omy was constructed at the Bank of Indonesia. It had more than 100 equations, 15
of which were stochastic. The parameters of its equations were estimated with OLS
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and the data used to this end covered the years from 1971 to 1989. This model was
intended to enter the Project LINK world economy system.

The model was demand determined, but stressed the role of oil extraction and
exports. Household consumer demand was determined by real disposable incomes
and the real interest rate. Investment demand had a mixed specification, depend-
ing on both GDP in accordance with the accelerator rule and financial restrictions
(real credits). The model was provided with an extended block of equations explain-
ing public sector. Revenues included export-dependent income from the oil and gas
manufacturing industries, direct taxes paid on disposable incomes, indirect taxes
being a fraction of the national income, as well as other income categories. Public
expenditures decomposed into expenditures on debt service and development (de-
pending on the available sources of funding) and residual current expenditures were
assumed to be equal to public revenues.

In the block of equations explaining foreign trade, crude oil and gas exports were
distinguished and treated as a residual representation (potential supply). Given ex-
ogenous output, the domestic demand for oil and gas was met first and then de-
ducted from output. The export of the other commodities was demand determined,
allowing for changes in the relations between the domestic prices and the world
and competitors’ prices. Imports equations were decomposed into 4 SITC groups.
The equations represented the ratios between imports and domestic non-agricultural
output that depended on relative prices.

The model had a monetary sector with equations explaining money demand and
credit supply. The model closed with a price equation, where the imports deflator
was the only explanatory variable (Soekarni 1992).

A detailed description of a similarly structured annual model for Malaysia can
be found in Semudram et al. (1989).

11.3.3 The Macroeconometric Models of the Philippine National
Economy

In the 1990s, the Philippine government agencies built several, small-size, standard
macromodels (Yap 2002). Quite recently, the Asian Development Bank (ADB) had
a new quarterly model of the Philippine economy constructed, intended as a tool
for preparing regular forecasts and scenario analyses (Cagas et al. 2006). The model
used the 1990–2004 quarterly data and had 65 equations, 48 of which are stochastic.
It distinguished the long-run relationships, mainly those generating supply accord-
ing to the neoclassical assumptions, and the short-run relationships that described
market mechanisms generating final demand, output and employment. Some of its
equations had mixed specifications. The parameters of the equations were estimated
with ECM. The use of dummies in the model was restricted to the isolation of the
impacts of shocks.

The model distinguished three sectors: agriculture, manufacturing industries and
others. Consumer demand was determined from a simplified demand function,
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where distributed national income net of tax and personal wealth were used as the
explanatory variables. Investment demand depended on GDP and in the short-run on
the interest rate and risks. The financial sector received much attention, especially
the growing debt of Philippine economy.

In the model, the demand for imported commodities depended on final domestic
demand, exports and relative prices. Exports were determined by the world imports
of the Philippine-originating commodities.

Production was divided into sectors. Agricultural production depended on
weather conditions and other sectors’ demand. The production of the industrial
and services sectors was determined by GDP in the short-run, but in the long-run it
was generated from the homogeneous production function. Employment depended
on the output of all three sectors, real wages and agriculture’s share in GDP.

The model had equations explaining prices in all GDP components. The GDP
deflator was a function of the components’ deflators. In particular, CPI depended in
the long-run on the value added deflators in industry and services and on the money
supply-GDP ratio. In the short-run, it was also affected by the prices of imports. The
model closed with a block of the money-market equations that contained the money
demand and interest rate equations.

Having been successfully validated, the model is used now at the ADB for prepar-
ing forecasts and policy analyses.

11.3.4 The Macroeconometric Models of the South Korean
National Economy

The Korea Development Institute has been involved in macroeconometric modelling
for many years. In 1979, a quarterly model of the South Korean economy was con-
structed at the Institute. The model had many versions and was systematically used
in economic forecasting and policy simulations. Its 1995 version had more than 100
equations, 45 of which were stochastic.

The model had a Keynesian orientation. GDP was demand determined. Personal
consumption depended on real disposable income, real personal wealth and real in-
terest rate. Investments were dependent on demand represented by consumption plus
exports and user costs represented by the real interest rate, and on the available fund-
ing. The model had an extended supply sector. Potential output was generated from
the Cobb-Douglas production function. Compared with effective output, it yielded
an estimate of the capacity utilization rate that was used to explain the wholesale
price fluctuations. Much space was given to a detailed specification of the equations
explaining financial flows and the balance of payment components (Shim and Hong
1995).
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11.3.5 The Macroeconometric Models of the Economy of Taiwan
Province

A macroeconometric model for Taiwan Province was built at the beginning of the
1990s. As the model laid stress on the links between Taiwan’s economy and the rest
of the world, the equations in the foreign trade sector were specified in detail (Lo
et al. 1992).

In the mid-90s, another model of the Taiwanese economy was constructed at the
Chung-Hua Institute for Economic Research in Taipei. It was a quarterly, medium-
size and demand-oriented model with 31 stochastic equations (Yu 1995). In the
model, GDP was decomposed into three sections: agriculture, industry and services.
Agricultural production depended on the demand for foodstuffs, allowing for inertia.
Industrial output was dependent on domestic demand and exports. Production of
services was treated as residual. The model had a production function to generate
potential output. Except for fixed capital and employment—imports were included
as an additional explanatory variable.

Consumer demand broken down into demand for foodstuffs and for other con-
sumer goods was assumed to depend on real disposable income and personal finan-
cial wealth, allowing for inertia. Investment demand in the private sector followed
the accelerator rule and depended on industrial output and real interest rate, with
inertia being allowed for in this case too.

The paramount role of exports in the Taiwanese economy was addressed by a
careful specification of the exports equations. Foreign demand for Taiwanese com-
modities was decomposed among major importing countries. Export to these coun-
tries was explained using their GDPs, relative prices and exchange rates, allowing
for inertia. Taiwanese imports depended on the country’s industrial output and the
imports deflator, assuming respective inertia.

Labour supply was explained in the model as dependent on the population size
and independent of the rate of unemployment being a function of industrial output
changes.

The equation explaining nominal wages in industry was given a standard struc-
ture. The wholesale prices were determined by imports prices and labour costs. CPI
depended on wholesale prices and a lagged money supply to GDP ratio. Exports
prices depended mainly on imports prices.

The model had a block of equations that explained the money market components
(money demand) and the public sector (budget tax revenues and others). The model
was used in many simulation analyses dealing with the monetary and fiscal policy
impacts.

A new annual macroeconometric model of the Thai national economy following
its predecessor was constructed in the mid-80s. It was intended for the Project LINK
world economy system (Arya 1986).
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11.4 The Macroeconometric Models of the Australian and
New Zealand Economies

In Australia, the computational general equilibrium (CGE) model ORANI that gen-
erated a detailed description of the country’s national economy was to become the
most renowned. Systematically updated and extended, the model helped produce
many policy simulations. Its results influenced the development of the CGE models
in many other countries (Dixon et al. 1984, 1986).

In New Zealand, macroeconometric modelling developed at the Reserve Bank of
New Zealand as early as the 1960. The models constructed at the Bank were to serve
analytical purposes, such as analysis of the monetary policy impacts and of the trans-
mission of the Bank’ decisions on the national economy. The models had standard
structures and were built in many variants. The parameters of the XI version were
estimated with non-linear LS and the number of the explanatory variables was re-
duced using the principal components method. The XII version was special in that
it used the cointegration procedures (for the first time regarding the medium-size
models): the parameters were estimated with the two-step Engle-Granger method.
In the first step the parameters of the long-term relationships were estimated with
OLS and in the second step ECM was applied to estimate the parameters of the
short-run relationship. A broad spectrum of tests was applied (Brooks and Gibbs
1994).

The XII model had 105 equations, 43 of which were stochastic. The data were
quarterly and covered the years 1965–1987. It was basically a one-sectoral model.
However, consumption and foreign trade were disaggregated. Labour supply was
also decomposed, which positively distinguished the model from similar quarterly
models.

The model had a mixed orientation. Consumer demand was decomposed into
demand for durables, non-durables and services. Demand depended on households’
real disposable incomes as well as on their financial and real wealth. The impact of
the interest rates occurred to be insignificant. The investment function was derived
from dynamic optimization: investments depended on the marginal productivity of
fixed capital, the interest rate and the capacity utilization rate. Inventory changes
were residual, obtained by deducting production from final demand.

The long-run value added was generated from the CES production function with
constant returns to scale. Time worked was used instead of employment and the level
of fixed capital was modified by taking account of the potential utilization rate. The
rate was determined based on the ratio between inventories and the total sales vol-
ume. Output determined time worked (paid) that also was dependent on real wages.
The supply of the male and female labour force were explained separately; their
shares in total labour supply depended on real wages (negatively), unemployment
rates and social contributions.

The equations explaining foreign trade were extended. In particular, exports were
linked with the world demand, commodity supply, and the relative exports prices.
Imports were decomposed and made dependent in the long-run on the domestic
demand and relative prices. The model was additionally provided with equations
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explaining changes in the particular balance of payments components and exchange
rates being determined i.a. by the relationships between the Australian and New
Zealand short-term interest rates.

The system of prices was based on producer prices in the long run. The equation
explaining producer prices was built according to the ‘cost plus a mark-up’ princi-
ple. The costs consisted of unit labour costs, the exchange rate and world prices, as-
suming homogeneity restriction. The other prices were linked with producer prices.
The impact of the demand gap occurred to be insignificant. Real wages depended
on labour productivity, the active-to-total population ratio and on taxes.

The model had an extended block of equations explaining financial flows. The in-
stitutional sectors’ revenues and expenditures were generated. As regards the money
market, the equations were specified to explain money demand, credits for the pri-
vate sector and interest rates determined by the exogenous short-term interest rate
being the major instrument of monetary policy (Brooks and Gibbs 1994).

The XII model was regularly used in preparing short-term forecasts and numer-
ous policy simulations.

11.5 The Macroeconometric Models of the Chinese National
Economy

11.5.1 The Early Models

The development of macroeconometric modelling in China should be attributed to
the activities of the Economic Forecasting Centre of the State Planning Committee,
which was founded in the mid-1980s. The Centre participated in the construction of
the 1981 I-O table that became part of national accounts in the MPS system. It sup-
ported the building of a multisectoral, medium-term, annual model of the Chinese
economy (CMEM). The model had over 900 equations, 254 of which were stochas-
tic. It was a supply-determined model containing a dynamic I-O submodel (Tong
1986). The model was involved in the preparation of the 7th 5-year plan covering
the years 1986–1990. In more than 10 regions the satellite regional models were
built.

At the other end, there is a small model of the Chinese economy whose con-
struction was undertaken at the end of the 1980s. It explained GDP growth in 5
sections using the linear production functions based on the 1952–1984 annual data
(Yu 1990).

11.5.2 The Models of the State Economic Information Centre

The models that were successively constructed in the 1990s to describe the prop-
erties of a centrally planned economy took into account the expanding elements
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of market relations. The first models of this type were built at the State Economic
Information Centre in Beijing to support planning processes and particularly their
implementation.

The annual model constructed in the mid-90s had 118 equations, 68 of which
were stochastic. It was definitely supply oriented. GDP was obtained by transform-
ing the gross output of 7 sections of the national economy. The sections’ gross output
was generated from the two-factor Cobb-Douglas production functions adjusted for
the rate of factor utilization in order to take account of demand fluctuations. Nom-
inal GDP was obtained as a sum of nominal consumption, investments, inventory
increase and net exports. Consequently, the GDP deflator was determined from an
identity.

In disaggregating the model, stress was laid on agricultural output and rural pop-
ulation engaged in agricultural production. This influenced the way the consumer
demand function was specified. The specification of the investment function as-
sumed that bank credits and other funding allocated by governmental institutions
played the central role, thus accepting the government as the main factor stimulat-
ing the expansion of China’s economic potential.

The commodity flows in the block of foreign trade equations were decomposed
into 4 SITC groups assumed in Project LINK. The equations explaining the export
of agricultural raw materials and oil represented supply, while equations explaining
the export of manufactured goods showed the demand for the China-originating
goods. The model was additionally provided with blocks of equations explaining
financial flows, including money demand and price changes (Liang 1994).

The model’s subsequent versions were incorporated into the world economy sys-
tem Project LINK (Zhu and Liang 1999; Jiapei et al. 1995; Wu and Zhang 1995).
The model was systematically updated and modified (Shen 1999, compare also
Liang 2000).

11.5.3 The Demand-Oriented Models

The orientation of the Chinese models has evolved in the recent years following
the development of a market economy in the country—they have become demand
determined (Wang et al. 1999; Klein and Ichimura 2000). A relevant illustration of
this tendency is the multiregional model of the Chinese economy that have received
an extended specification of the final demand equations, while the supply sector was
ignored (Gu and Chen 2005).

11.6 Macroeconometric Models of India, Pakistan and Sri Lanka

The evolution of macroeconometric modelling of the Indian national economy will
be presented based on the works of Desai (1973) and Marwah (1991), who analysed
this activity until the end of the 1980s.
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Of essential importance for the early model building activities in India were the
mathematical planning models (Mahalanobis 1953), which remained significant into
the 1960s (Manne and Bergsman 1966).

11.6.1 The Early Macroeconometric Models for India

The first macroeconometric models of the country’s economy were constructed
outside India. They were the components of doctoral dissertations written mainly
by authors studying at the University of Pennsylvania. The dissertation that
N.V.A. Narashimanhan wrote in 1956 under the guidance of J. Tinbergen presented
the first model of the Indian economy, certainly the first ever model of a developing
country. This demand-driven system had 18 equations, 11 of which were stochastic,
and the estimation procedure used the OLS method. The model data covered the
years 1923–1948. This achievement went unnoticed for many years. New disser-
tations were prepared only in the years 1962–1963. These were N.K. Choudry’s
“An Econometric Model of India 1930–1955”, K. Krishnamurty’s “An Economet-
ric Model of India 1948–1961” and K. Marwah’s “An Econometric Model of Price
Behaviour in India”. All the models were demand oriented, but their sectors deal-
ing with agriculture stressed the supply elements. The models were mainly used to
perform structural analyses (Desai 1973).

11.6.2 The Macroeconometric Models of the Indian Economy
in the Late 1960s and 1970s

At the end of the 1960s, K. Marwah presented her model 2. It had 48 equations, 39 of
which were stochastic. The parameters were estimated with the annual 1939–1965
data, using OLS and TSLS. The model generated total supply from the production
function that used fixed capital adjusted for the rate of its utilisation. Total demand
was obtained by adding up domestic demand and net exports. The difference be-
tween total supply and demand determined inventory changes that affected the rate
of capacity utilization and thus output in the next period. The model was disaggre-
gated: output and prices were determined for 4 sections and in the foreign trade
sector 7 SITC commodity groups were distinguished. The model was frequently
used to perform simulation analyses, such as the analyses of the impacts of rupiah
devaluation (Marwah 1969).

The model R. Agarwala presented in 1970 was rather special. It had 24 equa-
tions and it was mainly intended to explain the dynamics of agricultural and indus-
trial production. The Cobb-Douglas production function made agricultural output
depend on fixed capital and rainfalls, while industrial output was linked to fixed
capital and employment. No equations were specified for final demand except those
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explaining investment demand that was used to determine fixed capital (Agarwala
1970).

Worth mentioning is the UNCTAD’s model, which was built for the system of
small models of developing countries. Being designed as tools for identifying the
countries’ financial needs, the models were structured in a special way and had a
special meaning (United Nations 1968b). The Indian economy model had 32 equa-
tions, 17 of which were stochastic, and used the 1950/1951–1962/1963 data. The
main role was given to the production function that was used to generate investment
demand. This demand was contrasted with the total volume of savings—the differ-
ence was assumed to indicate the degree to which investment needs were fulfilled.
On the other hand, the difference between export and import estimates was taken to
indicate the level of necessary funding from abroad. This approach corresponded to
Chenery’s concept of two gaps (Chenery and Strout 1966).

At the end of the 1970s, P.K. Pani built a new annual macroeconometric model
of the Indian economy. The model had 80 equations, 55 of which were stochas-
tic. It was estimated with the 1950/1951–1969/1970 data, using the OLS and TSLS
methods. Its structure did not significantly differ from its predecessors’. In the sup-
ply sector agriculture and the other (market) sections were distinguished. The final
demand sector included consumption, investment and public institutions’ expendi-
tures. Investment demand was mainly determined by domestic and foreign savings.
The model had extended blocks of equations that explained prices and the money
market; it was the first model with a specified equation explaining money demand
(Pani 1977).

11.6.3 Later Macroeconometric Models of India

In the 1980s, both academic and governmental research centres constructed a large
number of new macromodels. Special credit for its contributions to macroecono-
metric modelling should be given to the Institute of Economic Growth in Delhi. The
annual model constructed by B.B. Bhattacharya was a medium-size model with 121
equations, 55 of which were stochastic. The parameters of its equations were esti-
mated with data covering 25 years (1951/1952–1975/1976), using the OLS proce-
dure. The model was primarily developed to support studies into the public sector’s
impacts on the Indian economy. Accordingly, the block of the public sector and
money market equations was substantially extended. Output and employment, as
well as prices and wages were disaggregated. Agricultural commodity prices were
affected by the relations between demand and supply, while the prices of the other
goods depended on the unit costs and a mark-up. The equations explaining final de-
mand and foreign trade had a standard specification. The model was mainly used
to support policy simulations (Bhattacharya 1984). In 1984 results of research on
inflation and growth were published (Krishnamurty et al. 1984).

In 1985, the Institute published a monograph including the descriptions of two
similar, annual macroeconometric models of India’s economy (Krishnamurty and
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Pandit 1985). The first model with 77 equations covered the years 1960/1961–
1979/1980, while the other one, with 58 equations, was based on a longer data
sample from the years 1950/1951–1977/1978.

In both models, the dominant role was given to the agricultural sector. The
Krishnamurty’s model explained its productivity, while the Pandit’s model used the
production function with explanatory variables such as the farming land area, the
scale of irrigation and weather conditions.

The models had similarly specified price equations, but differed in how they ex-
plained the non-agricultural output and foreign trade. Exports and imports were en-
dogenized only in the Pandit’s model. Compared with the previous systems, neither
of the two models had well-developed blocks for the public sector and the money
market. The Krishnamurty’s model was considered to be mainly concentrated on the
economic growth analyses, while the main aim of the Pandit’s model was the short-
and medium-term analyses (Marwah 1991).

11.6.4 The Macroeconometric Model of Pakistan

The macroeconometric model of the national Pakistani economy was constructed in
the early 90s at the Pakistan Institute of Development Economics (PIDE) in Islam-
abad. It was a medium-size model with 88 equations, 45 of which were stochastic.
It emphasised the supply sector broken down into 10 sections. Each section was
provided with a simple production function. The output generated by the functions
determined employment and investment, as well as real disposable incomes. Inven-
tory changes were used for balancing global supply and global demand. The model
included detailed foreign trade equations and equations explaining financial flows
and prices on a section-by-section basis. It was mainly used in preparing regular
forecasts and policy simulations (Naqui et al. 1993).

11.6.5 Macroeconometric Models of the National Economy
of Sri Lanka

The macroeconometric models of Sri Lankan economy were built at the academic
centres in Canada. The first of the models was built in 1983 as part of a Ph.D.
dissertation written by A. Karunasen. The model consisted of 89 equations, 35 of
which were stochastic, and offered many (40) policy instruments. It was a supply-
determined model decomposed into three sections: agriculture, industry and ser-
vices, which were subdivided into industries and major agricultural products. The
model explained budget revenues and expenditures, as well as the balance of pay-
ments components (see Rankaduwa et al. 1995). At the end of the 1980s, a fully
supply-determined model of Sri Lankan economy was constructed, which empha-
sised the descriptions of the processes underlying the production of major agricul-
tural products and their use (Perera 1989).
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In the middle of the 1990s, a new, annual model of the country’s economy was
constructed in Canada. Following the tradition of the mainstream models, this model
was demand determined (Rankaduwa et al. 1995). It had 60 equations, 43 of which
were stochastic, and the data covered the years from 1960 to 1987. The equation
parameters were estimated with OLS.

The consumer demand functions were specified separately for consumption of
domestic and imported commodities. For the lack of the disposable income data,
the distributed national income was used as the major explanatory variable. The de-
mand for domestic commodities additionally depended on the real interest rate and
financial wealth, and the demand for imported commodities depended on exports,
which constrained the availability of imports. In both demand equations the inertia
were found to be significant. A mixed specification of the private sector’s demand
for investments was used. Following the accelerator rule, investments depended on
GDP increase and competitive investments in the public sector, but also on the im-
port of investment goods and money supply. The GDP volume was obtained by
adding up the demand of the public sector.

Production was decomposed into 5 sections. Value added in the sections was
calculated as in the Egyptian model, i.e. using the bridge equations (based on the
I-O data) linking with the particular final demand components, the major role being
played by household consumption and exports.

The block of equations explaining foreign trade was expanded fairly well. For-
eign demand for the major products (tea, caoutchouc, cocoa) was distinguished.
Domestic demand for imported consumer, investment and intermediate goods was
dependent on the GDP components, allowing for the impacts of the relative prices.

The model had equations explaining national budget’s revenues (mainly tax rev-
enues), expenditures and surplus and the components of the money market. The
model closed with the system of price equations, where the major role was played
by the GDP deflator determined by the exogenous unit costs.

The model was intended to be used as a forecasting and policy simulation tool.

11.7 The Macroeconometric Models of the North African and
West Asian Countries

The modelling of economic development came later to the Middle East countries
than to the developing countries in the other parts of the world. Small models of par-
ticular national economies in the region were constructed following the approaches
that other developing countries adopted under the UNCTAD project (United Nations
1968a).

In the late 1970s, an attempt was made at the Institute of Econometric and Statis-
tics (IEiS UŁ) in Łódź, Poland, to construct macroeconometric models for the Mid-
dle East countries. The models for Algeria, Egypt, Iran, Iraq, Kuwait and Libya
were built within the doctoral dissertations supervised by W. Welfe. An important
prerequisite for the dissertations to be written was the construction of databases for
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the above countries including the annual information on calendar information recal-
culated from the budget periods based on official sources.

11.7.1 The Structure of the Models for the Oil Extracting
Countries

The models constructed for the oil and gas extraction and refining countries such
as Algeria, Iraq and Libya had special properties. In most of the countries, crude
oil extraction was nationalized and the revenues from its export were to fund the
industrialization programmes. The programmes assumed the import of machinery
and equipment that needed highly qualified labour force to be installed and main-
tained. The problems with their implementation seriously delayed the execution of
the investment programs, which resulted in unplanned increases in foreign currency
reserves (petrodollars). The above processes within import-led growth had to be
appropriately accounted for in macroeconometric models (Welfe 1986).

The models separately treated the sections extracting and refining crude oil and
gas and the other sections. As far as ‘the other sections’ are concerned, several mod-
els distinguished market sections, mainly the manufacturing industry built as a result
of the industrialization process, and “traditional” sections (agriculture and services).
The oil exports equations represented the world demand; the OPEC restrictions were
exogenous. Production potential was not restricted.

The market sections’ output was determined by both domestic demand and ex-
ports. However, growth was dependent on the import of investment and interme-
diate goods financed from the oil export revenues transferred by the state budget.
This approach involved a special feedback: increasing imports augmented produc-
tion potential and output, as well as boosting the export of manufactured products
that provided more funds allocable to imports.

In the traditional sections, output was mainly determined by the supply of pro-
duction factors, as well as being dependent on the weather conditions. Market clear-
ing was achieved due to appropriate price adjustments. In the case of drastic short-
ages, complementary imports took place.

The models describing the North African and West Asian countries included
all other sectors characteristic of the developing countries. They had standard con-
sumption, investment, and employment demand functions, as well as the equations
explaining foreign trade, prices and wages. They usually missed the blocks of equa-
tions explaining financial flows (Salman 1994).

11.7.2 The Macroeconometric Models of the Iraqi National
Economy

The models of the Iraqi economy belonged to the class of macromodels outlined
above. In 1982, an annual model was built using the 1962–1978 data. It had 80
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equations, 46 of which were stochastic. The parameters of its equations were esti-
mated with OLS (Al Din 1982). A new model was constructed in 1985 to analyse the
process of industrialization. Its data sample was longer, spanning the period 1960–
1978. This model had 86 equations (45 were stochastic). The equation parameters
were estimated with OLS. The wage and price equations were more detailed com-
pared with the previous model (Najim 1985).

A dissertation completed in 1984 concentrated on comparing the role of oil ex-
ports in the economic growth of Iraq with the situation observed in Algeria and
Libya. The models presented in the dissertation had equation parameters estimated
using the 1960–1979 sample for Iraq and the 1969–1979 sample for the other two
countries; there were 23 and 21 stochastic equations, respectively. The models were
smaller compared with their predecessors, mainly at the expense of the blocks ex-
plaining the production sector (Ghali 1984). All the models were used to generate
interesting policy simulations (Mahmud 1985). Unfortunately, further work on up-
dating and using them for forecasting purposes was discontinued.

11.7.3 The Macroeconometric Model of the Kuwaiti National
Economy

Because of the different form of government in Kuwait, the macroeconometric
model of the country’s economy was structured somewhat differently. In addition
to being one of the major crude oil extracting countries, Kuwait had a centralized,
quasi feudal-capitalist management system resembling those in Saudi Arabia or in
the United Arab Emirates. The extraction and refining of crude oil was within the
domain of the public sector. The oil export revenues were used to enhance the state
budget incomes (their portion was transferred to the Future Generation Fund). Hav-
ing no industrialization programs, Kuwait’s expenditures were mostly allocated to
the development of infrastructure (desalting of the sea water) and to the social as-
sistance for the native Kuwaitis citizens.

The model was built with the 1970–1984 data and had 66 equations. It was prin-
cipally demand determined, but the export of crude oil was constrained due to the
OPEC restrictions. Because information on disposable income was not available,
consumer demand was assumed to depend on divided GDP. Investment demand was
chiefly generated by the government, being mainly dependent on the budget devel-
opment expenditures. Output was determined by final demand, including exports.
It was decomposed into the extraction and refinement of crude oil (taking account
of OPEC restrictions), manufacturing industry, agriculture (mostly gardening) and
services. Output determined employment demand broken down into native work-
ers and numerous immigrants (their number was residual and varied following the
business cycle).

The model’s large financial sector was primarily used to explain budget revenues
and expenditures. The money market was also modelled. The model had a system
of price equations and an industrial wage equation.

The model was mainly used in preparing policy simulations (Amer et al. 1990).
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11.7.4 The Macroeconometric Models of the Egyptian and Iranian
National Economies

Macroeconometric modelling in Egypt took a path that was characteristic of macro-
modelling in the developing countries in the early years of their growth. In the 1970s
and 1980s, the Egyptian models were regarded as tools facilitating the preparation
of the medium-term plans for the country’s development. The macroeconometric
model built at the end of the 1980s was intended to support planning processes in
the Egyptian economy in the years 1987–1997. It had to acknowledge the special
properties that Egyptian economy showed in the 1970s and 1980s, such as growing
openness, developing tourism and transportation services (Suez Canal), but first of
all the developing export of cotton and corn.

The model was founded on a database compiled for the years 1970–1987/88.
Economic activity was decomposed into three sections: agriculture, industry and
the other sections. The model was demand determined, with domestic demand and
exports functioning as output determinants. Household consumer demand depended
on real disposable income, and public institutions’ demand was linked with GDP,
with inertia being allowed for in both cases. Investment demand, separately spec-
ified for each section, depended on value added and productivity. It was also de-
composed into machinery and equipment, structures, etc., linking its volume with
supply represented by industrial gross output. Potential output was calculated as
a sum of sections’ value added. Valued added was generated from the linear pro-
duction functions. Regarding the production factors, fixed capital was obtained by
adding up investments. Labour productivity was introduced instead of employment;
this approach was justified considering the large surplus of labour supply.

The model had a detailed block of foreign trade equations. The export equations
explained the supply of commodities, while the import equations accounted for do-
mestic demand, allowing for relative prices. Wages were explained in the model,
but prices remained exogenous. The model included equations explaining national
budget revenues, expenditures and surplus.

It was frequently used to run policy simulations (Oteafy et al. 1990). The macroe-
conometric model of the Iranian national economy was constructed in the mid-80s
along similar lines (Masoleh 1985).

A somewhat later attempt to build a macroeconometric model for the industri-
alizing countries used the Egyptian economy as an example (El-Sheikh 1992). The
same author constructed then a quarterly model of the Egyptian monetary sector,
being the first model of that class designed for the developing countries (El-Sheikh
1994). The model used the quarterly data from 1961 (the socialist revolution) to
1973 (prior to the period of openness—Infitah) compiled by the author. No reliable
quarterly data could be found for the next years. The data were used to estimate the
parameters of the model’s 28 equations. Only the financial sector of the Egyptian
economy was described in the model. Its equations accounted for money demand,
agricultural credits from banks, seasonal credits to cotton and rice traders, and other
credits. The equations explaining changes in bank reserves and the components of
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intrabank balances were specified too; the interest rates were exogenous. The model
was used to perform policy simulations.

11.7.5 Modelling the Maghreb Countries

Macromodelling activities in the other North African countries, including the
Maghreb countries, were much less advanced than in the countries discussed. Worth
mentioning are the efforts to design a model capable of explaining the develop-
ment of the non-industrial sections in 4 countries: Algeria, Mauretania, Morocco
and Tunisia. Their growth was made dependent on industrial output and imports;
alternative estimation methods were used (Guisan and Exposito 2004).

11.8 Macroeconometric Models of the African Countries

Macroeconometric modelling in the African countries started to develop in the
1970s, after most of them became independent. First were the models constructed
in Nigeria at the Ibadan University and in Kenya, and these will be presented below.
Most small-size macromodels of standard structure were built for the African coun-
tries at the UNCTAD (United Nations 1968a). Towards the end of the 20th century,
their role was taken over by UN-DESIPA and the Centre of Project LINK (Klein
1999).

A strong impulse stimulating the development of modelling activities in partic-
ular countries came from the African Research Network for Development Policy
Analysis. It was founded in 2002 and associated 15 countries. The Pretoria Univer-
sity where the late G. De Wet established a research centre that initiated modelling
activities in Central and South Africa also played an important role.

The macroeconometric models of the following countries were available to the
author: Botswana, Ghana, Kenya, Malawi, Nigeria, South-Africa, Sudan and Togo.
Their structures will be discussed below.

The first to be presented is a small macroeconometric model of Botswana’s econ-
omy, which was built in the mid-90s. It was special in that it stressed the importance
of education and total factor productivity in economic growth (Huff 1994).

11.8.1 The Macroeconometric Models of the Ghanaian National
Economy

The first was a standard, small model that the UNCTAD built within a system of
models for the developing countries (United Nations 1968a). The annual model
which was constructed several years later contained the descriptions of both real
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and financial sectors and stressed the importance of Ghanaian exports, particularly
of the cocoa (Abbey and Clark 1974).

At the end of the 1980s, an annual, medium-size macromodel was constructed.
This model had 45 equations, 31 of which were stochastic, and used the 1960–
1979 data. The parameters of its equations were estimated using OLS. Its authors
were researchers residing in Canada and USA (Ghartey and Rao 1990). It had an
improved structure compared with the previous models, which contributed to higher
accuracy of forecasting.

The model was supply determined, with GDP generated from a simple Cobb-
Douglas production function. Agricultural and industrial outputs were derived from
separate production functions; the other sections’ output was residual. Industrial em-
ployment depended on GDP, but the employment in agriculture was determined by
exogenous fixed capital. The model was also provided with an equation explaining
labour force migration from agriculture to industry. High population growth was
explained in the model through equations explaining the dynamics of births and
deaths.

Consumer demand was dependent on total real disposable income; investment
increase was determined by fixed capital (replacement demand) and the interest rate
on credits. Monthly wages depended on labour productivity and the GDP deflator.
The model had detailed equations explaining financial flows (taxes and transfers)
and money markets, including money demand.

The model found application as a tool for short-term forecasting and policy sim-
ulations.

11.8.2 The Macroeconometric Models of the Kenyan National
Economy

The first model of Kenyan economy was constructed in the mid-60s (Howe and
Karani 1965). It was a small model with 33 equations, 20 of which were stochas-
tic. It dealt with the real sector of the national economy. The blocks of equations
that were distinguished in the model explained output, investments, foreign trade
and budget revenues. Prices were treated as exogenous. The UNCTAD model for
Kenya was constructed almost concurrently. It had 27 equations, 13 of which were
stochastic and 7 had calibrated parameters. Some of its blocks of equations resem-
bled the first model’s blocks, but it also contained equations generating savings and
population dynamics (United Nations 1968a).

The model built twenty years later was a medium size, annual macroeconometric
model with 143 equations, 53 of which were stochastic. It included both real sector
and financial sector, as well as a system of price equations. The model was used for
forecasting and policy simulation purposes (Elliot et al. 1986).

The next annual model was constructed in the early 21st c. by J.W. Musila and
U.L.G. Rao, Canadian residents (Musila and Rao 2002). This small model with 32
equations (20 were stochastic) used the 1970–1995 data sample and distinguished
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the long-term relationships and the short-term adjustments. The parameters of the
long-term equations were estimated using the cointegration techniques, while the
short-term equations were estimated with ECM.

The model included the following sections: mining (with agriculture), manufac-
turing and building industries, public services and others. Value added in the sec-
tions was determined as a function of the appropriate components of final demand,
the most important of them being consumption and exports. The impacts of the de-
velopment programs were included.

Consumer demand depended on real disposable income, the interest rate and in-
flationary expectations. The main investment demand factors were real incomes and
real interest rates. The public sector’s demand was exogenous, but budget revenues
were endogenized. Exports were depended on the world’s real GDP and relative
prices, while imports on Kenyan GDP and relative prices.

The model missed the production function on account of data scarcity. The GDP
deflator depending on unit labour costs and surplus was central to the price system.
The CPI was determined by the GDP deflator, imports prices and real money supply
to reflect the impacts from the monetary sector. Money demand depended on GDP
and nominal interest rates.

The model was used for running policy simulations and making development
forecasts of Kenyan economy (Musila and Rao 2002).

11.8.3 The Macroeconometric Model of the Malawian National
Economy

The macromodels of the national economy of Malawi were developed in the 1990s,
mainly outside the country. A special supply determined model accentuating the role
of foodstuff exports was constructed by Y. Van Frausum and D. Sahn at the Cornell
University, as a part of the University Food Nutrition Policy Program (1993).

A new, annual macroeconometric model of Malawian economy was built nearly
ten years later. It was a small model with 37 equations, 23 of which were stochastic.
Their parameters were estimated with the 1967–1996 data sample and using the
cointegration approach. The time series were mainly I(1), while the residuals of the
cointegrating vectors were I(0). The parameters of the long-term equations were
estimated first and then the parameters of the short-term equations using ECM; the
appropriate tests were used. The structural changes were accounted for by means of
dummy variables.

The model had a mixed structure. Output represented by value added was gen-
erated using a Cobb-Douglas production function with constant returns to scale. In
the short-run, output depended on employment and price levels only. Final demand
was represented by consumption, investment and net exports. Consumer demand
depended solely on GDP (adjusted for direct taxes); other determinants (personal
wealth, interest rates) occurred to be insignificant. Private investment was explained
by specifying its supply that depended on real savings and the import of investment
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goods. Public investment, competing against private investment, was determined by
lagged output, imports of investment goods and private investment.

The model distinguished the major export items, i.e. tea and tobacco as well as
other commodities and services, that depended on the world’s GDP and relative
prices. Imports were dependent on Malawi’s GDP, relative prices and the exchange
rate (being a proxy for restrictions).

In the long-run, employment demand was determined by the domestic and for-
eign demand for production. In the short-run, it also depended on investments and
the export of tea and tobacco.

The model generated budget revenues. Budget expenditures were exogenous and
surplus flowed into the monetary sector. Within the sector, credits were generated
for the private sector and the equation explaining money demand was specified. In
the price equation system, the GDP deflator and CPI were dependent on unit costs
plus a mark-up. The unit costs included lagged labour and imports costs, being
homogeneous. Exports and imports prices were dependent on the world prices. In
the wage equation nominal wages depended on lagged CPI and employment-to-
population ratio (being a proxy for the rate of unemployment).

The model was carefully tested for its ex-post predictive accuracy and then used
in policy simulations (Musila 2002).

11.8.4 The Macroeconometric Models of the Nigerian National
Economy

Macroeconometric model building has long tradition in Nigeria. The first models of
the country’s economy (planning models and I-O models) were built in the 1960s.
They were not operational, so they were discontinued. The operational macroecono-
metric models for Nigeria were constructed at the Centre for Econometric and Allied
Research (CEAR), University of Ibadan, under the leadership of S. Olofin. The first
versions of the MAC I, II, III models were experimental.

The MAC IV version being a medium-term model was developed in the mid-80s.
It was a medium-size model with 137 equations, 76 of which were stochastic, and
with annual data covering the years 1960–1979. The parameters of it equations were
estimated with OLS.

The model was fully supply determined. Production in its 12 sections was gener-
ated from simple production functions (time trends were used in agriculture). Value
added provided a point of departure for calculating real disposable income deter-
mining household consumption. Budget expenditures were an important variable
determining investment. Budget revenues were largely dependent on the inflow of
the receipts for exported crude oil, cocoa and minerals. The block containing the for-
eign trade equations was fairly detailed. Balance was achieved at the macro-scale
through residual inventory changes.

The model included an extended price system. Because of data scarcity, its wage
equations were limited to manufacturing industries, likewise those explaining em-
ployment.
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The model was regularly used to prepare forecasts, as well as numerous policy
simulations (Olofin et al. 1985).

A new macroeconometric model of the Nigerian economy was constructed in
the early 1990s. It was fully demand determined. It had 72 equations, including the
bridge equations that linked the final demand components with value added in par-
ticular industries through the I-O submodel. It was also provided with an extended
financial sector (Oshikoya 1990).

11.8.5 The Macroeconometric Models of the South African
National Economy

In the mid-90s, G. De Wet built an annual model of South African economy at
the University of Pretoria. It was a medium-size model of mixed orientation that
had 150 equations (46 were stochastic) and distinguished two sections: agriculture
and other. The final demand components were separately explained. Consumption
was decomposed into consumption of durables and semi-durables dependent on real
disposable income and long-term interest rates, and consumption of non-durable
goods and services determined by money supply, taking account of the relevant
lags. Investment was dependent on GDP, with appropriate lags. GDP was obtained
by dividing the nominal GDP represented by total final expenditures by the GDP
deflator. Non-agricultural employment was assumed to depend on GDP.

The model’s deflators and money market components were thoroughly specified.
Special stress was laid on the foreign trade sector. Exports and imports were decom-
posed according to the SITC classification, allowing for the export of gold.

The model was used in forecasting and policy simulations (De Wet 1995). Be-
cause South Africa treated then monetary policy as a vital element of her economic
policy, a small model of the country’s monetary sector was constructed to support
the analyses of the monetary policy impacts (De Wet et al. 1994).

Let us also mention the quarterly macroeconomic model built in 2005 by
M. Koster, a student at the Economics Department, University of Johannesburg. This
simultaneous linear equations model had 53 equations (23 were stochastic) and used
the 1990–2004 sample. The model’s structure was Keynesian. It was chiefly con-
structed for methodological purposes. Its equations were tested for linearity. Non-
linearity was discovered in 8 equations, mainly those explaining prices. To deal with
this, the smooth transition autoregressive (STAR) estimation methods were applied
(Koster 2005). The model was used in forecasting.

11.8.6 The Macromodel of the Togolese National Economy

In the mid-90s the Togolese Ministry of Planning built an annual model of the na-
tional economy intended as a planning tool. The model was called SIGAPE (Sys-
teme Informatise de Gestion Applique a la Prevision Economique). Its role was to
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provide the authorities with forecasts extending to the year 2000, as well as running
economic policy simulations (Kponsihoin and Philip 1996). The model used a data
sample covering the years 1984–1994/1995.

The model was actually a planning tool whose structure followed the World
Bank’s RMSM model. Its key function was to supply information on the demand
for imported goods and on foreign credits necessary to finance the country’s de-
velopment given the goals set, particularly the (exogenous) rate of GDP growth.
The model was strongly disaggregated and used an I-O submodel. Its main build-
ing blocks were identities and equations with calibrated parameters. The model had
blocks of equations that generated particular industries’ value added from gross out-
put, exports and imports, as well as blocks of equations explaining the incomes and
expenditures of households and public institutions. This significantly distinguished
the model from the macroeconometric models of Kenya or Malawi discussed above.

The macroeconometric model of Sudanese national economy was built in the
mid-70s. The model was supply determined (Marzouk 1975). The small economet-
ric model of the country’s economy which was built nearly 10 years later showed
the same orientation. It was made of 29 equations (8 were stochastic) and stressed
the role of foreign trade in Sudan’s economic growth (Zayid 1986).

11.9 The Macroeconometric Models of the Latin American
Countries

The direct reason for macroeconometric activities to develop in the countries
of South and Central America and in Mexico was the modelling activities that
L.R. Klein and F.G. Adams conducted at the Pennsylvania University in Philadel-
phia. Many Ph.D. dissertations and research projects undertaken at the Wharton
Econometric Forecasting Associates (WEFA) dealt with the modelling of the Latin
American countries. The details of the modelling efforts conducted in the years
1965–1985 can be found in the exhaustive essay by Beltran-del-Rio (1991) that
contains, for instance, a list of 187 macromodels built for the countries in that re-
gion.

The first model was constructed for the national economy of Brazil in 1969 as
part of a Ph.D. dissertation. In the next years it was introduced into the system of
the WEFA macromodels.

The macromodels of other countries were built on the inspiration from L.R. Klein,
becoming more or less independent exercises.

11.9.1 The Macroeconometric Models of the Mexican National
Economy

The macroeconometric model of the Mexican economy is very interesting for illus-
trative purposes. Built at the end of the 1960s by A. Beltran-del-Rio and H. Howell,
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it was consistently developed at the CIEMEX (Mexican Centre of Economic Re-
search), Pennsylvania University. By 1985 it had been built in 11 versions and the
number of its equations increased over its life cycle from 50 to over 650, including
over 80 stochastic equations. The model was demand determined. In the mid-70s
its monetary sector was extended and an I-O submodel was added. After the fuel
sector and equations explaining the country’s growing debt were incorporated into
the model in the next decade, new opportunities for conducting vital analyses of the
economic situation in Mexico became possible. This annual model was systemati-
cally used to make the quarterly forecasts of the Mexican economy (Beltran-del-Rio
1991).

11.9.2 The Macroeconometric Models of the Venezuelan National
Economy

P. Palma Carillon constructed a macroeconometric annual model of the Venezue-
lan economy at the WEFA in 1976. He developed it in the next years within the
special research organization METROECONOMICA, which was founded in 1978.
The model was demand determined. In the later years it focused on describing the
impacts of oil extraction and debt-related issues in the country. It was regularly used
in preparing forecasts and numerous policy simulations.

In the 1970s the WEFA members constructed the macroeconometric models also
for other Latin American countries, such as Argentina, Central America, Chile,
Colombia, Costa Rica, Honduras, Panama and Peru. The models were mainly used
in policy simulations. Some of them were discontinued. In the same decade, the gov-
ernment agencies and academic institutions in some countries, e.g. Chile, Colombia,
Equator, Mexico and Porto Rico, also built macromodels.

In the 1980s macroeconometric modelling kept developing, however showing
some tendency towards regionalization, as exemplified by the CIEMEX model for
Mexico. New macromodels were built to meet the analytical needs of large corpo-
rations. Worth mentioning in this group are the macromodels constructed for Ar-
gentina, Brazil, Peru and Uruguay at SERFINA, a research institute owned by the
Sao Paulo-based, grain-trading corporation Bunge&Born. Macromodels were also
built at Vitro, a glass corporation in Mexico. The forecasting models maintained by
the Junta del Acuerdo de Cartagena in Chile played an important role in predicting
economic developments in the Andean countries.

UNCTAD also built and maintained small macroeconometric models for the de-
veloping countries in Latin America (United Nations 1968a).
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Chapter 12
Macroeconometric Multicountry Models

12.1 Introduction

At the end of the 1960s, the Committee for Economic Stabilization and Growth at
the Social Science Research Council in New York initiated a project for constructing
a system of interlinked models of the world economy’s industrialized countries. The
system was intended as a tool for analysing the international transmission mecha-
nism of economic activities and for forecasting its impacts (Hickman 1991). This
initiative led to the formation of Project LINK, that is a system of the world models
being special in that it linked the country models constructed by experts represent-
ing particular countries. The main methodological contribution of the project led by
L.R. Klein was the construction of a world trade matrix, which allowed particular
countries’ exports and imports to be linked together. It was assumed that the volume
of exports from a country was determined by other countries’ demand (imports) and
that the imports prices in a country equalled the weighted sum of exports prices in
the world trade (Klein 1982).

These assumptions provided a basis for constructing the multicountry world
models that were developed by international organizations (IMF, World Bank,
OECD, UE), central banks (USA, Germany), research institutes (NIESR, CEPI,
FUGI, Fair) and commercial organizations (Global Insight).

The special property of the macroeconometric models that the institutions built
was (sometimes gradual) standardization of the specification of the equations for
particular countries. The specification was extensive for large industrialized coun-
tries and modest for smaller countries or regions with mostly developing countries
(Ball 1973).

The models were large, as the numbers of the equations approached several thou-
sands in the 1980s, when efficient computer programmes were developed and potent
personal computers became available (Hickman 1983).

Regarding their theoretical foundations, estimation methods and simulation pro-
cedures, the models evolved in a way which was typical of the models for major
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industrialized countries.1 They drew on earlier experience (Waelbroeck and Dra-
mais 1974; Dramais 1986).

Initially, a neo-Keynesian orientation prevailed among the models, but their sup-
ply sectors were expanding along the neoclassical lines. In the 1990s rational ex-
pectations were introduced into many models. In the early 21st c. the first attempts
were made to build the DSGE models. The links between particular countries were
initially limited to commodity flows, but then they were extended to include the
migration of production factors and interest rate differentials (to account for capital
flows), as well as the impacts of exchange rates and prices (Gana et al. 1979). The
models’ theoretical underpinning was derived from the extended Mundell-Fleming
transmission mechanism concept (Whitley 1994).

The IMF team that constructed several versions of the annual model MULTI-
MOD and then the GEM model for policy simulations (Bayoumi et al. 2004) sub-
stantially contributed to these developments. Other quarterly and annual models
were used to make regular world economy forecasts and international trade and
policy simulations. Special credit should be given to the NIGEM model for its out-
standing role in producing forecasts and economic policy simulations (Barrell et al.
2004).

The outlines of the models are presented in Table 12.1.

12.2 Project LINK

The macroeconometric modelling activities that were developing in the USA and
Canada and then in Europe’s largest industrialized countries and Japan created con-
ditions for attempting to link the country models together into a consistent system.
As a result, the international Project LINK was constructed in 1968, when the Com-
mittee on Economic Stability and Growth at the SSRC decided to call into being
a project integrating the existing macroeconometric country models into a world
system. The system was to be a tool supporting the studies into the properties and
impacts of the international transmission mechanism.

The Committee’s decision led to the establishment of the LINK Center in
Philadelphia in 1969, with a Coordination Center headed by L.R. Klein supported
by R.A. Gordon, B.G. Hickman and R.R. Rhomberg. The first years were spent on
adjusting particular countries’ models to make them comply with the unified foreign
trade standards. Owing to this effort, the first forecast of international trade utilising
a reduced form of intercountry linkages (MINI LINK) could be produced in 1970.
The full model solution based on a specially constructed matrix of export shares in
foreign trade was obtained already in 1971 (cf. Hickman 1991).

The construction of the matrix was crucial for the development of all other mul-
ticountry models. The point of departure was the observation that in most country

1An interesting comparative analysis of the models’ properties in the first years of their develop-
ment (until the early 1990s) has been presented by Whitley (1994).
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models export was exogenous. Within a system, however, country’s exports could
be obtained as a weighted sum of other countries’ imports, the weights being equal
to the shares of the country’s exports to particular importing countries. The country
models generally assumed that the prices of the imported commodities were exoge-
nous. Within a system, their estimates could be computed as the weighted sums of
export prices charged by the countries exporting commodities to the importing coun-
try. The weights would be the relevant components of the matrix of export shares in
foreign trade (Klein 1999).

In the early 70s, issues concerning the updating of the export share matrices were
the object of lively discussions. The solutions proposed ranged from the application
of the modified version of LES (Klein and Peeterssen 1993), the use of relative
prices, given the elasticity of substitution for each exporter (Moriguchi 1973; Klein
et al. 1975), to the use of relative prices, given identical substitution elasticity for
all exporters (Hickman and Lau 1973). The future practice showed that the first
approach was mainly applied.

From 1971–1972 onwards, the LINK model was systematically used for prepar-
ing world economy forecasts and in simulation analyses focusing on the major prob-
lems in the world economy. Prior to that, though, the system was tested for its prop-
erties with the interim and dynamic multipliers. In the 1980s, the financial sectors
of the LINK models were extended, mainly by adding equations explaining capital
flows and exchange rates. In the period following the liberalization of the exchange
rates, the specification of the exchange rate equations prompted many discussions
at the Project LINK meetings (Hickman and Klein 1985).

Project LINK systematically increased its membership, from 7–13 participants
in the first half of the 1970s to more than 100 after 1987. The macromodels
constructed by particular national centres also grew in number, substituting the
UNCTAD minimodels (that mainly described developing countries and centrally
planned economies) (Waelbroeck 1976; Sawyer 1979). Their number increased
from 7 in 1960 to 79 in 1987 and to 80 in 1995.

Although the Project LINK models were generally demand oriented, some of
them, mainly those of the centrally-planned and developing countries, were sup-
ply determined. There were both annual and quarterly models (the latter had to be
aggregated in time) and they differed in terms of size, but all of them had uni-
fied foreign trade sectors. Both NSA exports and imports were decomposed into 4
SITC commodity groups: 0–1 (raw materials and agricultural products), 2–4 (other
raw materials and half-finished products), 3 (fuels), 5–9 (consumer and investment
goods).

New models being added, the system grew enormously. The initial number of
1,500 equations in the early 1970s increased to ca. 5,000 in 1975, around 20,000 in
1985 and to approximately 30,000 in 1998 (Klein 1999). An extension of available
computer programs followed. An important step forward was the replacement of
the mainframe with personal computers, for which effective simulation software
was developed (Johnson and Klein 1979).

The system of models found manifold applications. As mentioned, it was sys-
tematically used for preparing biannual forecasts of the short- and medium-term de-
velopment of the world economy. The forecasts were produced in collaboration with
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particular country partners, the solution being complex but efficient. The forecasts
prepared by particular national centres were fed into the system at the LINK Center
that used them to provide the members with a PRELINK forecast. This preliminary
forecast generated from the system was discussed then with the partners during in-
ternational meetings set up by the Center. The improved final version of the forecast
POSTLINK was used by the UN Secretariat for drawing up UN Secretary General’s
Report on the global economic situation (Hickman and Ruffing 1995).

In the 1980, the LINK Center was moved to the Institute for Policy Analysis
led by P. Pauly at the Toronto University in Canada and its computer system was
transferred to the UN Department of Economic and Social Affairs in New York.
With more direct links established between Project LINK and the United Nations,
the role of the research undertaken under the Project grew considerably. The UN
economic analyses of the world economy, its development and the likely changes
were increasingly based on the results of LINK simulations. This was a very rich and
multilateral cooperation. Its main areas were the impacts of the changes affecting
capital markets and exchange rates, the effects of the oil shocks and of the changes
in the economic policy pursued by the USA and other industrialized countries.2 The
activities were conducted in all the past periods, until the most recent analyses of
the impacts of the global financial crisis and the 2008–2009 world recession.

Project LINK gave birth to many initiatives concerning the construction of new
country models for developing countries in Asia and Latin America and more re-
cently also in Africa. In the latter case, the activity has been supported since 2002 by
the African Research Network for Development Policy Analysis having 15 country-
members coordinated from the Pretoria University and DESA UN.

12.3 The World Trade Models

The work on developing international trade relationships within the Project LINK
model was accompanied by attempts that were initiated to construct models capa-
ble of explaining the deeply disaggregated commodity flows, particularly of raw
materials and fuels. In the mid-70s a COMLINK system was built. It was related
to the system of models participating in the Project LINK and consisted of models
accounting for 23 commodity groups.

The EITF3 model of international trade built for the G-7 and East-Asian countries
was also associated with Project LINK. It was a generalization of the NIRA-LINK
model linking the national economies of Japan and the USA (Adams et al. 1996).
It distinguished 35 industries in the models for Japan and the USA; a simplified
model for 20 countries had 35 commodity groups operated in international trade.

2A broad description of the numerous analyses based on the LINK model can be found in: Sawyer
(1979), Klein (1982, 1999), Hickman (1991).
3The abbreviated names of the cooperating institutions are: ERINA, International University of
Japan (IUJ), University of Tsukuba, Foundation for Advancement for International Science (FAIS).
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The particular country models were demand oriented, with expanded financial flows
sectors and inter-industry relationships based on the I-O submodels. The EITF was
used during numerous policy simulations.

The Michigan Model of Production and Trade built in the mid-1970s had special
properties. It was a computable general equilibrium (CGE) model constructed by
A. Deardorff and R. Stern from the Michigan University. Its purpose was to support
research on employment in 29 industries in the major countries of the world. It
initially covered 18 industrialized countries, but this number quickly rose to 34. The
model was used to run numerous simulation analyses, for instance analyses of world
trade liberalization.

In the late 1980s, its structure was enriched with new specifications derived from
the new theory of international trade which took account of imperfect competition,
growing returns to scale and product diversification. The model was reorganized to
cover 12 countries and groups of countries and was given a new name: the Michi-
gan Brown-Deardorff-Stern Model. Its numerous variants were used in many policy
simulations, most of which concerned organizational changes in the world trade,
such as the establishment of NAFTA (The Michigan Model of World Production
and Trade 2007).

12.4 The OECD-INTERLINK Model

In the early 1970s, a model of international trade was built within the OECD Sec-
retariat, which for many years served as a forecasting and policy simulation tool.
Towards the end of the decade, the exogenous variables of particular countries were
substituted in the model by respective equation systems, first mainly by identities
and then stochastic equations were introduced. This gave birth to the system of half-
annual INTERLINK models interlinked through commodity flows in foreign trade.
They initially reproduced the existing country models, but sooner or later they were
standardized (OECD 1989).

The INTERLINK model was used to prepare short- and medium-term forecasts
and numerous policy simulations as soon as it was constructed (Helliwell et al.
1986). Numerous research contributions in the 1980s improved the system’s speci-
fications, which helped to stabilise its structure by the end of the 1980s. All variants
of the models covered 7 large OECD countries, for which they had extended struc-
tures with 200–250 equations, up to 100 of which were stochastic, the 16 remaining
OECD countries, for which they had a smaller number of equations (130–150, up
to 50 of which were stochastic) and regions covering the remaining countries.

The models describing particular countries had similar structures—the differ-
ences mainly concerned the country-specific parameter estimates. They were de-
mand oriented and the 7 large countries had neoclassical supply sectors (Richardson
1988).

The consumption functions were specified in an unusual manner. The consump-
tion-to-income ratio was determined by the wealth-to-income ratio, prices and real
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interest rate. Investment in the enterprise sector of the large country models was
generated from the production function to solve a system of equations explaining
the demand for production factors. Investment in the small country models was
explained traditionally, using the flexible accelerator rule. Investment in residential
construction mainly depended on disposable income and real interest rates.

As regards the supply sector, the central role was given to a three-factor (in-
cluding energy use) production function with constant elasticity of substitution. The
function was used to determine the demand for production factors. Production sup-
ply and labour force supply were also determined within the supply sector. In the
case of the smaller countries, a simplified specification was applied. The produc-
tion function had only two factors. Employment directly depended on GDP and real
labour costs.

The average wage equations were specified in a rather traditional way. An ex-
tended version of the Phillips curve with adaptive inflationary expectations was ap-
plied. The specification of the price equations was based on unit costs enlarged by
a mark-up, assuming imperfect competition. The deflator of value added (omitting
energy output) being crucial to a price system depended on unit costs, the terms
of trade, competitors’ prices and the capacity utilization rate. The long-term and
short-term relationships were distinguished.

The country models had extended blocks of equations explaining financial
flows, including budget revenues and expenditures, the functions of money demand
(in large countries), as well as short- and long-term interest rates.

The models of particular countries were mainly linked through commodity flows
and prices, which were the direct channels transmitting international shocks. They
used the appropriate matrix of export shares. At the end of the 1990s, the matrix
included 30 OECD countries and 6 groups of other countries/regions for 4 commod-
ity groups (Le Fouler et al. 2001). In the more recent versions of the INTERLINK
model the FDI flows were endogenized. The exchange rates providing the main fi-
nancial linkage between the models were also endogenized. The expected exchange
rates depended on the PPP ratios modified by the differences between country’s
short-term interest rates and the average interest rates in the other countries and by
the foreign net assets accumulated.

The equations for regions including the non-OECD members and for the small
OECD countries were specified similarly. Through the 1990s and afterwards, activi-
ties were continued to improve the specification of the models’ equations, especially
for the smaller OECD countries.

In the last versions of the model the equation parameters were estimated with
ECM.

The above models were chiefly used by the OECD Secretariat in preparing short-
and medium-term forecasts (Dalsgaard et al. 2001). To make this process more effi-
cient, a new, quarterly Small Global Forecasting Model was constructed in the first
years of the 21st century (Rae and Turner 2001). The forecasts it produced provided
a starting point for updating the INTERLINK forecasts.

The model had 4 subdivisions: USA, the Euro area, Japan and the rest of the
world (ROW) being of marginal importance. It was demand determined and con-
sisted of several blocks of equations. Output was determined in a special way. The
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deviation of the effective GDP from its potential (exogenous) value was decom-
posed into final demand’s deviation from its potential value and net exports. The
first component depended on the interest rates and the budget deficit. Prices, among
which CPI was the most important, were dependent on the unit cost components
and demand pressure. The financial sector was represented by the short- and long-
term interest rates that were treated as exogenous in forecasting and endogenized in
simulation exercises.

The model was used in preparing numerous policy simulations, e.g. of the shocks
affecting the world demand and of changes in the US monetary policy.

12.5 The Models of the World Bank

In 1973 the World Bank Minimum Standard Model was constructed to ensure con-
sistency of the Bank’s forecasts (Holsen 1973). It was in fact a planning model,
because it was designed to help answer crucial questions for the developing coun-
tries about how large investments, imports and foreign credits were necessary to
meet the target rates for GDP and export. Its later version, the Revised Minimum
Standard Model (RMSM), was a point of departure for constructing the models of
particular countries, capable of finding solutions to alternative planning tasks. For
this reason, the investment and imports functions linked with the system of equa-
tions explaining the balance of payment components (mainly identities) were given
the major role in the model. They did not include prices and wages (Addison 1989;
Ventura 1991).

In the early 1990s, a new Bank-Gem macroeconometric model referring to the
British GEM model was built at the Department of International Economic Analyses
and Forecasts (IECAP). It was composed of around 150 country models, nearly
100 of them representing the developing countries. The models were linked via a
system of relationships in the world trade and international finance. Because the
specification and use of the developing country models was most important for the
model builders, an Analytical Data Base (DAD) was constructed and efforts were
intensified to adapt the MAXSIM computer system to personal computers (Petersen
et al. 1991).

The standard developing country models had considerably different structure
than the RMSM models did. The new models were classical, macroeconomet-
ric, jointly-interdependent systems with both real and financial sectors and with
price systems. Together, they constituted a system whose components were linked
through the commodity and financial flows. Consequently, the models’ balance of
payment components were endogenized.

The specification of the major stochastic equations distinguished between the
long-term and short-term relationships. The parameters were estimated in two steps,
the second step being the ECM method.

Although the general structure of the models was traditional, many equations
were specified according to modern standards. Household consumer demand was
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represented by the demand of the credit-constrained households (thus being deter-
mined by disposable income) plus other households’ demand, which depended on
their joint personal wealth. In the short-run, consumption was increasing as a result
of growing disposable income. Because personal wealth (including financial wealth)
was introduced, consumption became indirectly dependent on the rate of inflation.

The investment demand functions were specified by taking fixed capital increase
as a point of departure. An increase in fixed capital was determined by output (the
accelerator rule), fixed capital increase in the public sector, real exchange rate af-
fecting investment user costs and the level of debt being an investment risk proxy.
In the imports equations, economic activity levels and relative prices functioned as
the explanatory variables.

The supply sector was represented by a system of price equations generated by
minimizing the cost functions. The producer price equations thus obtained depended
on the unit costs of particular production factors. Labour costs were approximated
by the consumption deflator. Imports prices and changes in the capital-output ratios
were introduced. Other prices were dependent on producer and imports prices.

The country models had extended financial and monetary sectors, where special
emphasis was laid on the balance of payment components.

The models were involved in the preparation of many policy simulations (Peder-
sen 1991a, 1994).

12.6 The Models of the International Monetary Fund (IMF)

12.6.1 The MULTIMOD Models

Toward the end of the 1980s, the annual model MULTIMOD was constructed at the
IMF. Despite its neo-Keynesian orientation, many equations used rational expecta-
tions from the very beginning (Masson et al. 1988, 1990). It was enhanced by the
INTERMOD 1.1 model where the role of the G7 countries was stressed (Helliwell
et al. 1986). The most detailed version MULTIMOD MARK III was used in nu-
merous policy simulations (Laxton et al. 1998). It is worth adding that the updated
version of model MARK III B was used to perform interesting analyses of the de-
velopment of the EURO area (Hunt and Laxton 2004). In the meantime MINIMOD
was constructed (Haas and Masson 1986).

The main purpose for which the MULTIMOD model was constructed was policy
simulations involving the major world countries. It distinguished the models for the
7 largest industrial countries and a block of equations accounting for the other indus-
trialized countries, imposing a unified structure. Two additional blocks of equations
were introduced for the indebted and debt-free countries (mainly oil producers).

The models’ structure had neo-Keynesian elements, but the supply sector was
not the only one where the neoclassical approach was broadly accentuated. In gen-
eral, the model construction showed a prevalent tendency to specify the equations
according to economic theory and to make a broad use of rational expectations.
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This was reflected in the special structure of the models. A steady-state subsystem
of equations explaining the long-term (equilibrium) relationships was distinguished,
as well as a subsystem of dynamic adjustments moving the real processes towards
the state of equilibrium. The parameters of the long-term equations were mostly
calibrated, while the parameters of the short-term equations were estimated.

The industrialized country models distinguished five types of economic agents:
households, enterprises, fiscal and monetary institutions, and foreign agents. In the
world trade, raw materials, fuels and other commodities were singled out.

The household equations were specified for consumption, labour supply and
personal wealth. The consumption function was comprised of two elements. One
concerned households that, following the life cycle hypothesis, decided to spend
a certain fraction of their personal and financial wealth on consumption. Per-
sonal wealth was represented by the discounted present value of the expected
lifetime labour income, allowing for age distribution of the household members.
The second element was households constrained by their current disposable in-
come.

For the enterprise sector it was assumed that enterprises maximize their expected
profits yielded by the production process described with the Cobb-Douglas produc-
tion function. Fixed capital accumulation followed Tobin’s “Q” concept, allowing
for adjustment costs, and contributed to enterprises’ investments.

The equations for the fiscal institutions explained expenditures on commodities
and services, as well as transfers financed from taxes and loans. The models intro-
duced long-term expenditure, transfers and the debt-to-GDP ratios. The short-term
adjustments were assumed to meet their expected values.

The MULTIMOD model offered the possibility of introducing the monetary au-
thorities’ interventions involving nominal anchors such as money supply, nominal
exchange rates, and the rate of inflation. Its models were also provided with equa-
tions adequately explaining prices and interest rates. In the industrialized countries,
prices depended on exogenous oil prices, the prices of other raw materials, GDP
deflators (except for oil prices) and exchange rates, allowing for a mark-up deter-
mined by the capacity utilization rate. The GDP deflator was derived from a reduced
Phillips curve. The exchange rate equations were formulated following the uncov-
ered interest rate parity concept.

The foreign trade equations had a standard specification. Exports and imports
were dependent on the respective characteristics of economic activity (imports were
determined using the I-O tables) and relative prices.

As mentioned, MULTIMOD was special in it broadly used expectations, partic-
ularly the rational ones, concerning households’ future incomes, future profits and
prices.

The MULTIMOD model served for many years, producing numerous policy sim-
ulations that complemented the analyses of the conditions and impacts of economic
development in various countries, particularly those expecting IMF’s financial sup-
port (Hunt and Laxton 2004).
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12.6.2 The GEM Model

The new GEM model of the world economy was constructed at the IMF in the years
2003–2004. It was to incorporate the new trends in macromodelling, which involved
the construction of a system belonging to the class of Dynamic Stochastic General
Equilibrium (DSGE) models (see Lane 2001). Its structure proposed for the case
with two-three countries has been discussed in the paper by Bayoumi et al. (2004).

The models built for particular countries rested on solid microeconomic foun-
dations. The major parameters of the long-term equations were calibrated based on
the results provided by microeconomic studies. The short-term equations explaining
consumption, prices and wages assumed adjustment lags, which was typical of this
class of models. Their parameters were estimated with the Bayesian methods.

The models included households, enterprises, and public institutions. The CES
utility function was used, allowing for the appropriate specification of the consump-
tion function (thus leisure impacts could be distinguished) and of the labour supply
function. Personal disposable incomes included labour income and shares in profits.
Consumer expenditures were split into purchases of domestic and imported com-
modities.

The production process was represented by the CES technology. The inputs of
labour, fixed capital and sometimes of materials were used as the explanatory vari-
ables. The extended version of the model distinguished between the CES-based pro-
duction of “intermediate” commodities and the production of “final” commodities
that included also imported goods. This strange distinction was introduced across
the DSGE models in order to differentiate commodity flows in the domestic trade
according to their origin. There were also plans to make a distinction between the
sheltered and open sectors. The equations for public institutions were explaining
budget revenues and expenditures.

The model equations were dynamized mainly by the broad use of the cost ad-
justment concept, which involved the introduction of lags into equations explaining
both nominal and real variables. Consumption and working time were dynamized
using the concept of habit persistence, while costs adjustments were followed by
lags in fixed capital increase, investments and imports.

The models were flexible enough to allow changes in their structures, for instance
the making of extensions consisting in the introduction of the domestic trade sector
or the addition of new countries. The models performed first policy simulations for
2–3 countries already in the early period of their use (Bayoumi et al. 2004).

Quite recently, the Global Integrated Monetary and Fiscal Model (GIMF) was
constructed, as a tool supporting studies into the impacts of fiscal expansion
(Kumhof and Laxton 2009).

12.7 The Models of European Community. The QUEST Models

In the early 1990s, the macroeconometric model QUEST of the world economy was
built within the European Commission. It was initially operated by the Deutsches
Institut fuer Wirschaftsforschung (DIW). The model was intended to support the
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analyses of EU’s economic condition in relation to the economic situation in Japan,
USA and the rest of the world.

In the middle of the same decade the model QUEST II was built, which was a
new, extended and reconstructed version of the first model (Dramais et al. 1997).
QUEST II was a quarterly model with approximately 2500 equations. It contained
the models of 20 countries (14 being EU members) and of 6 regions. Each of the
large country models had ca. 60 equations (Commission of the European Commu-
nities 1991).

This version was structured quite differently from its predecessor. QUEST II fol-
lowed the concept of neoclassical Keynesian synthesis. The behavioural equations
were founded on the microeconomic principles of intertemporary optimization of
households’ and enterprises’ behaviour. The supply sector was modelled using the
neoclassical production function. These solutions determined the specification of the
long-run steady-state equations. The short-run equations were mostly specified us-
ing the neo-Keynesian approach—rigidities and lags in wage and price adjustments
as well as cost adjustments in the investment demand equations were introduced
(Roeger and in’t Veld 1997).

The consumption functions were essentially built following the concept of life
cycle hypothesis. It was, however, assumed that the consumption expenditures of
around 30 % of households were determined by their current real disposable in-
comes. The other households’ consumption depended on the expected lifetime in-
comes and real personal financial wealth.

The investment demand functions were derived from the production functions. In
the CES production function fixed capital and energy functioned as the production
factors. The impacts of these variables were combined with employment and the
effects of its quality through the Cobb-Douglas production function, which was used
to determine potential output and the rate of its utilization. The demand for labour
and energy depended on output and, respectively, on real wages and relative prices.
The long-term elasticities were calibrated assuming that their values were 1, while
the short-term elasticities were estimated.

Financial flows were modelled in a traditional manner. Budget revenues were
obtained by adding up the tax incomes and those coming from other sources. Bud-
get expenditures were decomposed into the purchases of commodities and services,
remunerations, transfers and debt service.

Producer prices depended on lagged prices, unit labour costs and cyclical mark-
up changes represented by variations in the rates of capacity utilization and em-
ployment. CPI was determined by producer prices, imports prices and VAT. The
real average wages were assumed to result from a bargaining process between the
employees’ and employers’ representatives. Thus they depended on labour produc-
tivity, unemployment rates (modified for the changes in unemployment benefits),
the estimated value of leisure (dependent on the level of personal wealth) and on the
average number of hours offered by the employees.

The particular country models were linked through commodity, service and cap-
ital flows constituting the balance of payments components. An important role was
given to the equations explaining exchange rates that were mainly determined by
the interest rate differentials.



252 12 Macroeconometric Multicountry Models

Ta
bl

e
12

.1
M

ul
tic

ou
nt

ry
m

od
el

s

M
od

el
V

er
si

on
Y

ea
r

In
st

itu
tio

n
A

ut
ho

r
Fr

eq
ue

nc
y

Sa
m

pl
e

E
qu

at
io

ns
to

ta
l

st
oc

ha
st

ic

D
ec

om
po

si
tio

n
E

st
im

at
io

n
m

et
ho

d
Pr

op
er

tie
s

A
pp

lic
at

io
ns

PR
O

JE
C

T
L

IN
K

19
68

–1
97

1

So
ci

al
Sc

ie
nc

e
R

es
ea

rc
h

C
ou

nc
il,

C
om

m
itt

ee
on

E
co

no
m

ic
St

ab
ili

ty
an

d
G

ro
w

th

A
nn

ua
la

nd
qu

ar
te

rl
y

15
00

Sp
ec

ifi
c

co
un

tr
y

m
od

el
sa ,

co
m

m
on

st
ru

ct
ur

e
of

ex
po

rt
s

an
d

im
po

rt
s,

4
SI

T
C

co
m

m
od

ity
gr

ou
ps

di
st

in
gu

is
he

d

D
if

fe
re

nt
M

od
el

s
of

di
ff

er
en

t
or

ie
nt

at
io

n
w

ith
en

do
ge

ni
ze

d
im

po
rt

s
an

d
ex

po
rt

pr
ic

es
lin

ke
d

th
ro

ug
h

th
e

in
te

rn
at

io
na

l
m

at
ri

x
of

ex
po

rt
sh

ar
es

,
he

nc
e

en
do

ge
ni

za
tio

n
in

th
e

sy
st

em
of

ex
po

rt
s

an
d

im
po

rt
pr

ic
es

Fo
re

ca
st

s
pr

es
en

te
d

ev
er

y
ha

lf
ye

ar
,

si
m

ul
at

io
n

an
al

ys
es

of
fu

nc
tio

ni
ng

w
or

ld
ec

on
om

y
an

d
re

ga
rd

in
g

in
te

rn
at

io
na

l
tr

an
sm

is
si

on
m

ec
ha

ni
sm

s

19
74

U
ni

ve
rs

ity
of

Pe
nn

sy
lv

an
ia

L
.R

.K
le

in
et

al
.

A
nn

ua
la

nd
qu

ar
te

rl
y

30
00

D
if

fe
re

nt
Fo

re
ca

st
s

an
d

si
m

ul
at

io
n

an
al

ys
es

19
80

U
ni

ve
rs

ity
of

To
ro

nt
o,

D
IE

SA
U

N
P.

Pa
ul

y
et

al
.

A
nn

ua
la

nd
qu

ar
te

rl
y

50
00

D
if

fe
re

nt
E

nd
og

en
iz

at
io

n
of

ca
pi

ta
lfl

ow
s

an
d

ex
ch

an
ge

ra
te

s

Fo
re

ca
st

s,
po

lic
y

si
m

ul
at

io
ns

19
89

A
nn

ua
la

nd
qu

ar
te

rl
y

20
00

0
D

if
fe

re
nt

Fo
re

ca
st

s,
po

lic
y

si
m

ul
at

io
n

N
IR

A
-L

IN
K

19
90

U
ni

ve
rs

ity
of

Pe
nn

sy
lv

an
ia

,
N

IR
A

To
ky

o
F.

G
.A

da
m

s,
B

.G
ag

ne
s,

S.
Sh

is
hi

do

A
nn

ua
l

ca
.5

00
In

iti
al

ly
Ja

pa
n

an
d

U
SA

,
se

ct
or

al
di

sa
gg

re
ga

tio
n

O
L

S
D

em
an

d
de

te
rm

in
ed

,
sa

te
lli

te
m

od
el

w
.r.

t.
L

IN
K

sy
st

em

Si
m

ul
at

io
n

an
al

ys
es



12.7 The Models of European Community. The QUEST Models 253

Ta
bl

e
12

.1
(C

on
tin

ue
d)

M
od

el
V

er
si

on
Y

ea
r

In
st

itu
tio

n
A

ut
ho

r
Fr

eq
ue

nc
y

Sa
m

pl
e

E
qu

at
io

ns
to

ta
l

st
oc

ha
st

ic

D
ec

om
po

si
tio

n
E

st
im

at
io

n
m

et
ho

d
Pr

op
er

tie
s

A
pp

lic
at

io
ns

E
IT

F
19

95
E

R
IN

A
,I

U
J

A
nn

ua
l

G
7,

9
co

un
tr

ie
s

of
E

as
tA

si
a

an
d

20
ot

he
r

co
un

tr
ie

s
an

d
re

gi
on

s,
35

se
ct

or
s

O
L

S
D

em
an

d
or

ie
nt

ed
I-

O
m

od
el

Si
m

ul
at

io
n

an
al

ys
es

M
IC

H
IG

A
N

M
O

D
E

L
of

W
or

ld
Pr

od
uc

tio
n

an
d

T
ra

de
19

70

U
ni

ve
rs

ity
of

M
ic

hi
ga

n
A

.D
ea

rd
or

ff
,

R
.S

te
rn

A
nn

ua
l

In
iti

al
ly

18
in

du
st

ri
al

iz
ed

co
un

tr
ie

s
up

to
34

co
un

tr
ie

s,
27

se
ct

or
s

C
G

E
m

od
el

Si
m

ul
at

io
n

an
al

ys
es

M
ic

hi
ga

n
B

D
S

m
od

el
U

ni
ve

rs
ity

of
M

ic
hi

ga
n

D
.R

.B
ro

w
n,

A
.D

ea
rd

or
ff

,
R

.S
te

rn

A
nn

ua
l

D
if

fe
re

nt
ve

rs
io

ns
co

m
po

se
d

of
m

od
el

s
of

39
co

un
tr

ie
s,

29
gr

ou
ps

of
co

m
m

od
iti

es

C
G

E
m

od
el

Si
m

ul
at

io
n

an
al

ys
es

IN
T

E
R

L
IN

K
19

79
O

E
C

D
H

al
f-

an
nu

al
O

L
S,

fir
st

di
ff

er
en

ce
s

M
od

el
s

de
m

an
d

de
te

rm
in

ed
,c

ou
nt

ry
sp

ec
ifi

c
st

ru
ct

ur
es

Fo
re

ca
st

s,
po

lic
y

si
m

ul
at

io
ns



254 12 Macroeconometric Multicountry Models

Ta
bl

e
12

.1
(C

on
tin

ue
d)

M
od

el
V

er
si

on
Y

ea
r

In
st

itu
tio

n
A

ut
ho

r
Fr

eq
ue

nc
y

Sa
m

pl
e

E
qu

at
io

ns
to

ta
l

st
oc

ha
st

ic

D
ec

om
po

si
tio

n
E

st
im

at
io

n
m

et
ho

d
Pr

op
er

tie
s

A
pp

lic
at

io
ns

19
91

P.
R

ic
ha

rd
so

n
et

al
.

H
al

f-
an

nu
al

L
ar

ge
co

un
tr

ie
s:

23
0–

26
0

ca
.1

00
Sm

al
lc

ou
nt

ri
es

:
13

0–
15

0
ca

.5
0

23
O

E
C

D
co

un
-

tr
ie

s/
re

gi
on

s
E

C
M

E
xt

en
si

on
of

su
pp

ly
an

d
fin

an
ci

al
flo

w
s

se
ct

or
s,

un
ifi

ca
tio

n
of

th
e

m
od

el
s

st
ru

ct
ur

e

Fo
re

ca
st

s,
es

pe
ci

al
ly

of
fo

re
ig

n
tr

ad
e,

po
lic

y
si

m
ul

at
io

ns

Sm
al

lG
lo

ba
l

Fo
re

ca
st

in
g

M
od

el
20

00

O
E

C
D

D
.R

ae
,

D
.T

ur
ne

r

Q
ua

rt
er

ly
19

63
–2

00
0

19
77

–2
00

0

15 14
U

SA
,J

ap
an

,
E

ur
o

ar
ea

,
ot

he
rs

Fo
re

ca
st

s
pr

ec
ed

in
g

th
e

m
ai

n
fo

re
ca

st
s

ba
se

d
on

IN
T

E
R

L
IN

K

R
M

SM
-X

19
73

W
O

R
L

D
B

A
N

K
D

.A
dd

is
on

A
nn

ua
l

ca
.4

30
M

ai
nl

y
ca

lib
ra

te
d

Pl
an

ni
ng

m
od

el
,

as
su

m
in

g
th

e
G

D
P

ra
te

s
of

gr
ow

th
th

at
de

te
rm

in
ed

th
e

in
ve

st
m

en
ts

ha
re

s,
im

po
rt

s
an

d
fo

re
ig

n
cr

ed
its

re
qu

ir
em

en
ts

Si
m

ul
at

io
ns

,f
or

ec
as

ts

B
A

N
K

G
E

M
K

.N
.P

ed
er

se
n

et
al

.
A

nn
ua

l
19

60
–1

98
9

19
65

–1
98

9

26
0b

22
b

15
0

co
un

tr
ie

s,
of

w
hi

ch
10

0
de

ve
lo

pi
ng

co
un

tr
ie

s
gr

ou
pe

d
in

bl
oc

ks
of

eq
ua

tio
ns

E
C

M
M

ai
nl

y
ne

oc
la

ss
ic

al
sp

ec
ifi

ca
tio

n,
ex

te
nd

ed
bl

oc
k

of
ba

la
nc

e
of

pa
ym

en
ts

M
ed

iu
m

-t
er

m
fo

re
ca

st
s,

si
m

ul
at

io
ns

an
al

ys
es



12.7 The Models of European Community. The QUEST Models 255

Ta
bl

e
12

.1
(C

on
tin

ue
d)

M
od

el
V

er
si

on
Y

ea
r

In
st

itu
tio

n
A

ut
ho

r
Fr

eq
ue

nc
y

Sa
m

pl
e

E
qu

at
io

ns
to

ta
l

st
oc

ha
st

ic

D
ec

om
po

si
tio

n
E

st
im

at
io

n
m

et
ho

d
Pr

op
er

tie
s

A
pp

lic
at

io
ns

M
U

LT
IM

O
D

M
A

R
K

II
19

88
–1

98
9

IM
F

P.
M

as
so

n
et

al
.

A
nn

ua
l

M
od

el
s

of
in

du
st

ri
al

iz
ed

co
un

tr
ie

s
an

d
ot

he
rs

C
al

ib
ra

tio
n

Tw
o

se
gm

en
ts

di
st

in
gu

is
he

d:
st

ea
dy

-s
ta

te
an

d
dy

na
m

ic
ad

ju
st

m
en

ts

Si
m

ul
at

io
ns

an
al

ys
es

M
U

LT
IM

O
D

19
98

IM
F

D
.L

ax
to

n
et

al
.

A
nn

ua
l

M
od

el
s

of
in

du
st

ri
al

iz
ed

co
un

tr
ie

s
an

d
ot

he
rs

C
al

ib
ra

tio
n

N
eo

cl
as

si
ca

l:
op

tim
iz

at
io

n
of

ac
tiv

iti
es

of
ho

us
eh

ol
ds

an
d

fir
m

s,
ra

tio
na

le
xp

ec
ta

tio
ns

Si
m

ul
at

io
ns

an
al

ys
es

M
U

LT
IM

O
D

M
A

R
K

II
I

IM
F

B
.H

un
t,

D
.L

ax
to

n

A
nn

ua
l

M
od

el
s

of
7

hi
gh

ly
in

du
st

ri
al

iz
ed

co
un

tr
ie

s,
ag

gr
eg

at
io

n
of

re
m

ai
ni

ng
in

du
st

ri
al

iz
ed

an
d

de
ve

lo
pi

ng
co

un
tr

ie
s,

lin
ke

d
th

ro
ug

h
co

m
m

od
ity

flo
w

s

C
al

ib
ra

tio
n

N
um

er
ou

s
po

lic
y

si
m

ul
at

io
ns

,f
or

ec
as

ts

M
A

R
K

II
I

B
20

04
A

nn
ua

l
19

81
–2

00
1

C
al

ib
ra

tio
n

Po
lic

y
si

m
ul

at
io

ns



256 12 Macroeconometric Multicountry Models

Ta
bl

e
12

.1
(C

on
tin

ue
d)

M
od

el
V

er
si

on
Y

ea
r

In
st

itu
tio

n
A

ut
ho

r
Fr

eq
ue

nc
y

Sa
m

pl
e

E
qu

at
io

ns
to

ta
l

st
oc

ha
st

ic

D
ec

om
po

si
tio

n
E

st
im

at
io

n
m

et
ho

d
Pr

op
er

tie
s

A
pp

lic
at

io
ns

G
E

M
20

03
–2

00
4

IM
F

T.
B

ay
ou

m
i

et
al

.

Q
ua

rt
er

ly
G

ra
du

al
ly

ex
te

nd
ed

C
al

ib
ra

tio
n,

B
ay

es
ia

n
m

et
ho

ds

D
SG

E
m

od
el

,
m

ic
ro

ec
on

om
ic

fo
un

da
tio

ns
:

m
ax

im
iz

at
io

n
of

th
e

ac
tiv

iti
es

of
ec

on
om

ic
ag

en
ts

,i
nt

eg
ra

tio
n

of
de

m
an

d
an

d
su

pp
ly

(C
E

S
pr

od
uc

tio
n

fu
nc

tio
n)

an
d

of
in

te
rn

at
io

na
lc

ap
ita

l
m

ar
ke

ts

Po
lic

y
si

m
ul

at
io

ns
,

m
ai

nl
y

re
ga

rd
in

g
th

e
im

pa
ct

s
of

sh
oc

ks
in

th
e

w
or

ld
pr

ic
es

,e
xc

ha
ng

e
ra

te
s

an
d

co
m

pe
tit

iv
e

co
nd

iti
on

s

Q
U

E
ST

19
91

E
ur

op
ea

n
C

om
m

is
si

on
A

nn
ua

l
M

od
el

s
of

th
e

E
U

co
un

tr
ie

s,
U

SA
,J

ap
an

O
L

S
N

eo
-K

ey
ne

si
an

ad
op

tiv
e

ex
pe

ct
at

io
ns

Si
m

ul
at

io
ns

an
al

ys
es

Q
U

E
ST

II
19

96
A

.D
ra

m
ai

s,
W

.R
og

er
,J

.i
n’

t
V

el
d

A
nn

ua
l

19
75

–1
99

5
M

od
el

s
of

E
U

co
un

tr
ie

s,
U

SA
,

Ja
pa

n
an

d
10

re
gi

on
s

in
te

rl
in

ke
d

th
ro

ug
h

co
m

m
od

ity
an

d
fin

an
ci

al
flo

w
s

62
co

un
-

tr
ie

s/
re

gi
on

s

N
eo

cl
as

si
ca

l,
dy

na
m

ic
op

tim
iz

at
io

n,
ra

tio
na

l
ex

pe
ct

at
io

ns

Si
m

ul
at

io
n

an
al

ys
es

m
ai

nl
y

w
.r.

t.
th

e
E

U



12.7 The Models of European Community. The QUEST Models 257

Ta
bl

e
12

.1
(C

on
tin

ue
d)

M
od

el
V

er
si

on
Y

ea
r

In
st

itu
tio

n
A

ut
ho

r
Fr

eq
ue

nc
y

Sa
m

pl
e

E
qu

at
io

ns
to

ta
l

st
oc

ha
st

ic

D
ec

om
po

si
tio

n
E

st
im

at
io

n
m

et
ho

d
Pr

op
er

tie
s

A
pp

lic
at

io
ns

FU
G

I
G

lo
ba

l
M

od
el

So
ka

U
ni

ve
rs

ity
A

.O
ni

sh
i

A
nn

ua
l

37
00

0
O

L
S

M
ix

ed
Si

m
ul

at
io

ns
an

al
ys

es

7.
0

M
80

19
91

A
nn

ua
l

19
71

/7
2–

19
90

40
00

0
80

co
un

-
tr

ie
s/

re
gi

on
s

O
L

S
D

ev
el

op
ed

co
un

tr
ie

s
de

m
an

d
de

te
rm

in
ed

,
de

ve
lo

pi
ng

co
un

tr
ie

s
an

d
C

PE
su

pp
ly

de
te

rm
in

ed

Fo
re

ca
st

s,
si

m
ul

at
io

n
an

al
ys

es

M
18

0
15

00
00

18
0

co
un

-
tr

ie
s/

re
gi

on
s

M
IM

O
SA

19
89

C
E

PI
I

O
FC

E
,

Pa
ri

s
H

.D
el

es
sy

,
H

.S
te

rd
yn

ia
k

et
al

.

A
nn

ua
l

18
co

un
-

tr
ie

s/
re

gi
on

s,
6

of
w

hi
ch

m
aj

or
in

du
st

ri
al

iz
ed

;
ea

ch
co

un
tr

y:
6

se
ct

io
ns

,I
-O

,
6

gr
ou

ps
in

fo
re

ig
n

tr
ad

e

O
L

S
N

eo
-K

ey
ne

si
an

,s
up

pl
y

re
pr

es
en

te
d

by
pr

od
uc

tio
n

fu
nc

tio
ns

,
fo

re
ig

n
tr

ad
e-

lin
ks

of
co

m
m

od
ity

gr
ou

ps

M
ed

iu
m

-t
er

m
fo

re
ca

st
s,

si
m

ul
at

io
n

an
al

ys
es

19
95

A
nn

ua
l

50
00

40
0–

50
0c

15
0c

O
L

S,
N

L
S,

3
st

ag
e

L
S

Fo
re

ca
st

s,
si

m
ul

at
io

ns
an

al
ys

es



258 12 Macroeconometric Multicountry Models

Ta
bl

e
12

.1
(C

on
tin

ue
d)

M
od

el
V

er
si

on
Y

ea
r

In
st

itu
tio

n
A

ut
ho

r
Fr

eq
ue

nc
y

Sa
m

pl
e

E
qu

at
io

ns
to

ta
l

st
oc

ha
st

ic

D
ec

om
po

si
tio

n
E

st
im

at
io

n
m

et
ho

d
Pr

op
er

tie
s

A
pp

lic
at

io
ns

M
C

M
19

79
FE

D
,U

SA
G

.S
te

ve
ns

Q
ua

rt
er

ly
G

-5
an

d
R

O
W

O
L

S
C

ou
nt

ri
es

lin
ke

d
vi

a
co

m
m

od
ity

flo
w

s
an

d
pr

ic
e

sy
st

em
s

Q
ua

rt
er

ly
fo

re
ca

st
s,

si
m

ul
at

io
n

an
al

ys
es

(i
m

pa
ct

s
of

sh
oc

ks
ou

ts
id

e
th

e
U

SA
)

19
91

–1
99

2
Q

ua
rt

er
ly

G
-7

an
d

5
re

gi
on

s
E

C
M

D
em

an
d

de
te

rm
in

ed
,

ne
oc

la
ss

ic
al

gr
ow

th
Si

m
ul

at
io

ns
an

al
ys

es

FR
B

/G
L

O
B

A
L

19
96

FE
D

,U
SA

Q
ua

rt
er

ly
14

00
16

0d

60
d

G
-7

an
d

5
bl

oc
ks

E
C

M
,r

at
io

na
l

ex
pe

ct
at

io
ns

E
xt

en
de

d
eq

ua
tio

ns
ex

pl
ai

ni
ng

ex
ch

an
ge

ra
te

s,
m

ul
til

at
er

al
st

ru
ct

ur
e

of
in

te
rn

at
io

na
l

tr
ad

e
in

tr
od

uc
ed

Po
lic

y
si

m
ul

at
io

ns
,

fo
re

ca
st

s

SI
G

M
A

20
05

C
.J

.E
rc

eg
et

al
.

Q
ua

rt
er

ly
6

co
un

tr
y

bl
oc

ks
C

al
ib

ra
tio

n
N

eo
-K

ey
ne

si
an

in
th

e
sh

or
t-

ru
n,

ne
oc

la
ss

ic
al

in
th

e
lo

ng
-r

un
,

ex
pe

ct
at

io
ns

al
te

rn
at

iv
el

y
ad

ap
tiv

e
or

ra
tio

na
l,

dy
na

m
ic

ad
ju

st
m

en
ts

,D
SG

E
m

od
el

Si
m

ul
at

io
n

an
al

ys
es

,
fo

re
ca

st
s

G
E

M
N

at
io

na
l

In
st

itu
te

of
E

co
no

m
ic

an
d

So
ci

al
R

es
ea

rc
h,

L
on

do
n

R
.B

ar
re

ll
et

al
.

Q
ua

rt
er

ly
75

0
M

od
el

s
of

O
E

C
D

co
un

tr
ie

s
an

d
6

re
gi

on
s

O
L

S
D

em
an

d
de

te
rm

in
ed

,
ge

ne
ra

te
d

pr
ic

es
an

d
lin

ks
be

tw
ee

n
co

un
tr

ie
s

M
ed

iu
m

-t
er

m
fo

re
ca

st
s,

si
m

ul
at

io
n

an
al

ys
es



12.7 The Models of European Community. The QUEST Models 259

Ta
bl

e
12

.1
(C

on
tin

ue
d)

M
od

el
V

er
si

on
Y

ea
r

In
st

itu
tio

n
A

ut
ho

r
Fr

eq
ue

nc
y

Sa
m

pl
e

E
qu

at
io

ns
to

ta
l

st
oc

ha
st

ic

D
ec

om
po

si
tio

n
E

st
im

at
io

n
m

et
ho

d
Pr

op
er

tie
s

A
pp

lic
at

io
ns

N
IG

E
M

20
02

Q
ua

rt
er

ly
10

00
20

0
M

od
el

s
of

O
E

C
D

co
un

tr
ie

s,
9

ot
he

r
co

un
tr

ie
s,

6
re

gi
on

s

Tw
o-

st
ag

e
E

C
M

,r
at

io
na

l
ex

pe
ct

at
io

ns
pr

oc
ed

ur
e

by
Fa

ir
-T

ay
lo

r

N
eo

-K
ey

ne
si

an
,

ex
pe

ct
at

io
ns

fo
r

w
ar

d-
lo

ok
in

g,
la

gg
ed

no
m

in
al

ad
ju

st
m

en
ts

,
C

E
S

pr
od

uc
tio

ns
fu

nc
tio

n,
fin

an
ci

al
flo

w
s

se
ct

or

Q
ua

rt
er

ly
fo

re
ca

st
s,

nu
m

er
ou

s
po

lic
y

si
m

ul
at

io
n

O
E

F
19

90
O

xf
or

d
E

co
no

m
ic

Fo
re

ca
st

in
g

M
.B

ur
ri

dg
e

et
al

.

Q
ua

rt
er

ly
78

0
E

ur
op

e
(1

1)
,

Ja
pa

n,
U

SA
,

4
re

gi
on

s

V
E

C
M

E
xt

en
de

d
su

pp
ly

se
ct

or
,

co
st

s
ad

ju
st

m
en

ts
,

ex
pe

ct
at

io
ns

ba
se

d
on

le
ar

ni
ng

pr
oc

es
s

ve
rs

us
ra

tio
na

le
xp

ec
ta

tio
ns

Po
lic

y
si

m
ul

at
io

ns
,

fo
re

ca
st

s

PR
IA

M
O

19
90

PR
O

M
E

T
E

IA
B

ol
og

na
C

.D
’A

dd
a

et
al

.

A
nn

ua
l

7
la

rg
e

co
un

tr
ie

s
O

E
C

D
,

5
re

m
ai

ni
ng

O
E

C
D

co
un

tr
ie

s,
8

re
gi

on
s

O
L

S
D

em
an

d
de

te
rm

in
ed

Si
m

ul
at

io
n

an
al

ys
es

,
in

cl
ud

in
g

th
e

lik
el

y
re

su
lts

of
jo

in
in

g
th

e
E

U



260 12 Macroeconometric Multicountry Models

Ta
bl

e
12

.1
(C

on
tin

ue
d)

M
od

el
V

er
si

on
Y

ea
r

In
st

itu
tio

n
A

ut
ho

r
Fr

eq
ue

nc
y

Sa
m

pl
e

E
qu

at
io

ns
to

ta
l

st
oc

ha
st

ic

D
ec

om
po

si
tio

n
E

st
im

at
io

n
m

et
ho

d
Pr

op
er

tie
s

A
pp

lic
at

io
ns

M
C

20
04

R
.C

.F
ai

r
Q

ua
rt

er
ly

fo
r

15
co

un
tr

ie
s,

an
nu

al
fo

r
th

e
re

m
ai

ni
ng

co
un

tr
ie

s,
st

ar
te

d
in

di
ff

er
en

ty
ea

rs
,

th
e

m
os

te
ar

ly
in

19
60

up
to

20
00

–2
00

1

48
8

36
2

37
e

15
e

U
SA

an
d

38
co

un
tr

ie
s

T
SL

S
D

em
an

d
or

ie
nt

ed
,

ad
ap

tiv
e

ex
pe

ct
at

io
ns

,
fin

an
ci

al
se

ct
or

N
um

er
ou

s
po

lic
y

si
m

ul
at

io
ns

,f
or

ec
as

ts

a In
iti

al
ly

7
in

du
st

ri
al

iz
ed

co
un

tr
ie

s,
13

co
un

tr
ie

s
in

19
73

,2
0

co
un

tr
ie

s
an

d
4

re
gi

on
s

in
19

80
,7

9
co

un
tr

ie
s

in
19

81
,8

0
co

un
tr

ie
s

in
19

95
b
Fo

r
pa

rt
ic

ul
ar

co
un

tr
ie

s
c It

ap
pl

ie
d

to
th

e
G

7
co

un
tr

ie
s;

th
e

re
m

ai
ni

ng
in

du
st

ri
al

iz
ed

co
un

tr
ie

s
ha

d
a

to
ta

l1
20

eq
ua

tio
ns

,4
5

of
w

hi
ch

w
er

e
st

oc
ha

st
ic

,O
PE

C
an

d
R

O
W

ca
.4

0
in

to
ta

l,
15

of
w

hi
ch

w
er

e
st

oc
ha

st
ic

d
Fo

r
pa

rt
ic

ul
ar

co
un

tr
ie

s
e Fo

r
th

e
ne

xt
19

co
un

tr
ie

s
th

e
sh

ar
es

in
th

e
w

or
ld

tr
ad

e
w

er
e

on
ly

es
tim

at
ed



12.8 The Models of the US Federal Reserve Bank 261

The system of the QUEST models was used in numerous policy simulations,
mainly those accentuating potential monetary and fiscal policy impacts, especially
in the context of budget expenditure expansion (Roeger and in’t Veld 2004).

12.8 The Models of the US Federal Reserve Bank

12.8.1 The MCM Quarterly Models

The Federal Reserve Bank (FRB) was the first central bank to notice the neces-
sity to analyse a country’s economic situation in the context of its links with the
major partners in the world economy. The quarterly model of the world economy
MCM (Multi-Country Model) was constructed at the FRB already in 1976. It cov-
ered Canada, Germany, Japan, the United Kingdom, the USA and the rest of the
world (ROW) and had around 1,000 equations in total. The model was demand
determined, but its supply sector showed a neoclassical orientation. It was system-
atically used to carry out policy simulations since 1979.

In the 1980s, the model’s equations underwent a major modification, particu-
larly its investment function. The equations explaining capital flows were replaced
with the exchange rate equations. Following the changes in the monetary policy,
the detailed specification of the banking sector was abandoned, but the equations
explaining interest rates were introduced instead. The estimation of the equation
parameters switched to ECM.

At the beginning of the 1990s, the MCM model incorporated the models of the
G-7 countries and Mexico, as well as of 4 regions that were composed of other
OECD countries, new industrialized countries, OPEC and ROW. The bilateral links
were substituted by multilateral ones (Stevens et al. 1984).

The research projects launched at the end of the 1980s aimed to build a new
model where the neoclassical concepts would be used more broadly, assuming in-
teractive decision making and more extensive application of rational expectations
in the specified equations. The project resulted, first of all, in the construction of a
small quarterly model MX3 that only covered 3 countries, i.e. Japan, USA, West-
Germany, and the ROW. The model had 32 equations, 11 of which were stochastic.
Their characteristic property was that they distinguished the long-term relationships
and clearly utilised rational expectations; one-period lags were introduced (Edison
et al. 1989; Gagnon 1991).

12.8.2 The FRB/WORLD Model

In the next years, the large quarterly model was deeply reconstructed. It was also
decided then that the US model and the world model should be combined into a
single system. Thus a new macroeconometric world model FRB/WORLD was built.
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Its main component was the model of the US economy FRB/MCM presented in
Chap. 3. The new world model had only around 250 stochastic equations, 40 of
which concerned the US economy (Levin et al. 1999).

The country models distinguished long-term relationships and short-term adjust-
ments. Output was determined by demand. Supply was generated from the Cobb-
Douglas production functions, allowing for energy use. The demand for production
factors was derived from the production functions. The adaptive and/or rational ex-
pectations were broadly introduced, primarily into the equations explaining interest
rates and exchange rates, but also into those explaining wages and prices. Long lags
were built into the short-term equations accounting for wages and prices.

In the G-7 models, the parameters of the consumption and investment functions
were estimated. The models for the other countries had a simplified standard struc-
ture; the parameters of their equations were calibrated (Brayton et al. 1997).

An attempt has been made recently to construct a new DSGE-type macromodel.
This new model called SIGMA is a quarterly model with 7 blocks of countries. It is
mostly Keynesian in the short-run, but in the long-run the neoclassical orientation
predominates. The adaptive and rational expectations are alternately used in the
model. The parameters of the long-run equations have been calibrated (Erceg et al.
2006).

12.9 The MEMMOD Model of the Deutsche Bundesbank

At the end of the past century, the quarterly multicountry model of the world econ-
omy called MEMMOD was constructed at the Deutsche Bank (2000). It covered
9 countries (including G-7) and country groups with the remaining EU and OECD
countries, and the rest of the world. It presented a mixed orientation. In the country
models final demand (consumption, investment) determined output and indirectly
employment and imports. On the other hand, the production functions were used
to generate potential output and its utilization rate affecting prices. The models had
specified equations explaining financial flows. The MEMMOD model was used in
preparing short-term forecasts and policy simulations.

12.10 The Models of the National Institute of Economic and
Social Research (NIESR): GEM and NIGEM

12.10.1 The GEM Model

In the mid-1980s, the UK Treasury set up a research project to construct a world
multicountry model. This gave birth to the world models built at NIESR and in Ox-
ford. NIESR called its model GEM (Global Econometric Model) and maintained
it together with London Business School (LBS). GEM was a quarterly model con-
taining large models for the G-7 countries, small models for the 3 remaining OECD
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countries and models for 6 regions that included between 4 and 5 stochastic equa-
tions. Altogether, the model had around 750 equations.

The country models were, in principle, demand oriented and had rational expec-
tations that were mainly used to determine exchange rates. Consumer demand was
dependent on real disposable income, personal wealth and interest rates. Investment
demand was derived under the profit maximization rule, assuming imperfect compe-
tition. Employment depended on output and real wages. Prices were determined by
unit costs plus a mark-up affected by the capacity utilization rate. The models con-
tained equations explaining money demand and exchange rates. The links between
the country models were mainly expressed through commodity flows. The GEM
model was systematically used in preparing the quarterly forecasts of the world
economy and numerous policy simulations (Whitley 1994).

12.10.2 The NIGEM Model

At the turn of centuries, the decision to merge together the quarterly models of the
UK and the world economy was made. As a result, the new multicountry model
of the world economy NIGEM (National Institute Global Econometric Model) was
constructed at NIESR. The model covered all OECD countries and additionally 9
countries (including China and Russia) and 6 regions. All country and country-
group models included at least equations explaining domestic demand, exports and
imports, prices and the balance of payment components (NIESR 2002).

The models of the OECD countries included the neo-Keynesian concepts with
forward looking expectations and lags in the nominal variables, making the adjust-
ment processes sluggish. They had blocks of equations determining consumption,
incomes and personal wealth of households, the production process (production
functions), and blocks explaining prices and wages, budget revenues and expendi-
tures, financial markets and international trade. Rational expectations were entered
into the equations explaining consumption, wages and exchange rates. The equa-
tions discriminated between long-term relationships and short-term adjustments
(Barrell et al. 2004).

The central role in the models’ structure was given to the production functions,
i.e. the CES functions with constant returns to scale and technical progress linked
to labour input. They were used to derive the functions representing demand for
production factors and estimate the capacity utilization rates. Producer prices were
dependent on the unit costs, including import prices, and on a mark-up. The CPI
was determined by producer prices, import prices and unit labour costs. Real wages
were assumed to result from wage bargaining, so their determinants were labour
productivity and unemployment rate and in the short-run also the difference between
the expected and effective rates of inflation.

In the model, consumption was dependent on real disposable income and real
personal wealth being comprised of financial assets and possibly of residential real
estates. There was a large block of equations concerning financial flows and finan-
cial assets. The equations explaining exchange rates were built assuming that the
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changes in the rates were caused by changing relations between interest rates. The
international links were represented by the commodity and service flows, the im-
pacts of prices and exchange rates and by capital flows.

The NIGEM model was, and still is, widely used in forecasting the world econ-
omy and in running numerous, interesting policy simulations (NIESR 2002).

12.11 The Multicountry Model MIMOSA

The annual model MIMOSA (Macroeconomic Integrated Model for Simulation and
Analysis) was constructed as a result of cooperation between two French research
institutions, Centre d’Etudes Prospectives et d’Informations Internationales (CEPII)
and Observatoire Français des Conjonctures Economiques (OFCE). Its authors were
a special research team MIMOSA, which was formed in 1986. Since 1989 the model
was used for producing medium-term forecasts and analyses of the world economy
developments.

It was the number of countries and regions that made MIMOSA one of the largest
multicountry models of the world economy, rather than frequently applied disag-
gregation of economic activities and decomposition of foreign trade. The model
represented a neo-Keynesian orientation. Its models of the 6 largest countries had
detailed, extended structures, while the other country models had a simplified struc-
ture (Mimosa Modelling Group 1990).

The model was deeply restructured in 1994, which involved the addition of new
countries. Besides the 6 major countries (France, Italy, Japan, the UK, the USA
and West Germany), the model distinguished 5 groups of EU and OECD countries
and 7 other regions. In the industrialized countries 4 sections were distinguished,
i.e. agriculture and foodstuffs industry, fuel industry, manufacturing industry, and
other industries, linked through the I-O relationships; foreign trade was decomposed
into 4 commodity groups. The model thus produced was large, with ca. 5000 equa-
tions. Particular country models had a unified structure; those describing the 6 major
countries had 400–500 equations, while the other country models had considerably
smaller numbers of equations. The equation parameters in the country models were
estimated using OLS, NLS and the three-stage LS, mainly with the 1965–1992 sam-
ple (Delessy et al. 1996).

The country models had a neo-Keynesian orientation, with fairly well extended
specifications for the large countries. Consumer demand (per capita) was dependent
on lagged consumption to allow for inertia, current and lagged real disposable in-
come (per capita). It also depended on real interest rates and the rate of inflation
that substituted financial wealth which was not available. Consumer demand for
particular commodity groups or sections was additionally determined by relative
prices, like the investment demand for residential real estates. Labour supply was
determined using the exogenous coefficients of the economically active population
decomposed by gender and age (5 groups). In the long-run, their dynamics was de-
scribed by a logistic function, but in the short-run their changes depended linearly
on the rate of unemployment.
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The supply sector was modelled assuming intertemporal profit maximization of
enterprises. Potential industrial output was estimated using the survey data and its
increase was dependent on cumulative investment. Investment demand depended on
the cumulated increase in output (the accelerator), the effects of labour substitution
by fixed capital and on cumulative real profits (i.e. profitability). Employment was
determined by output, labour costs-to-capital costs ratio, the exogenous growth rate
of technical progress (the trend) and also by changes in the average working time
per employee.

In the price system, value-added deflators played a decisive role. They mostly
depended on the unit labour costs modified by mark-up variations resulting from
the changes in the capacity utilization rates or the debt service changes. The wage
equations were specified using an extended Phillips curve approach: the rate of
wage increase depended on the lagged rate of inflation and the unemployment
rate, allowing for the labour productivity growth rate. With the above equations
the rate of NAWRU (Non-Accelerating Wage Rate of Unemployment) was esti-
mated.

The models were additionally provided with simple descriptions of the processes
generating budget revenues (tax systems) and expenditures, including social trans-
fers. The characteristics of the financial flows were parsimonious. Only the interest
rate changes were explained.

As mentioned, the equations for the distinguished regions had a simpler specifi-
cation. The country models were linked through commodity flows in 4 commodity
groups and 2 groups of services. Country imports were dependent on domestic de-
mand, its competitiveness and the rate of capacity utilization. The exporting coun-
tries allocated commodity flows following the components of the international ex-
ports shares matrix, which was updated on an annual basis (as opposed to the initial
version of the model). This allowed including new country models into the system.

The MIMOSA multicountry system was frequently used in international eco-
nomic analyses, e.g. to investigate the effects of fiscal and monetary expansion in
Europe and/or the world economy (Delessy et al. 1996).

12.12 The Model FUGI

In the early 1960s, A. Onishi from the SOKA University in Japan constructed the
annual system of macromodels GEM (Global Economic Model) for the purpose of
making regular forecasts. Initially covering 15 Asian countries, the system was ex-
tended in the next decade to the rest of the world. Its version prepared at the end
of the 1970s accounted for 62 countries/regions and the total number of its equa-
tions was around 37,000. This model was used into the 1980s, i.a. at the DIESAP
of the UN to prepare long-term forecasts and policy simulations of the world econ-
omy.

In 1991, it was substituted by the more detailed annual multicountry FUGI
Global Model 7.0. This model was built in two versions: a “small” one covering
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80 countries and country groups and a “large” one containing 180 countries and
country groups. The number of the equations in the large version exceeded 150,000.
This necessitated the development of a special computer programming system. The
equation parameters were estimated using OLS, the sample starting in the first half
of the 1970s and ending in 1990.

The system was built of several subsystems, i.a. an economic subsystem and
subsystems for the ecological conditions, freedom and security and human rights.
The economic subsystem distinguished developed and developing countries, as well
as centrally planned economies. The models of the developed countries were as-
sumed to be demand oriented (potential GDP > effective GDP) and had more
detailed structures. The models of the developing and CPE countries were sup-
ply determined (potential GDP < effective GDP demand). Hence, all the models
had blocks generating global supply and demand. The specifications of the equa-
tions were universal, but special properties of the large countries were taken into
account.

Potential output was calculated from the labour productivity functions that were
dependent on the capital-labour ratios, real R&D expenditure per employee, the
ratios of 5-year investment totals to fixed capital, and energy constraints. The models
explained unemployment rates and indirectly employment.

Country’s demand for GDP was obtained by adding up domestic final demand
and net exports. Consumer demand was dependent on either domestic GDP or real
disposable income and short-term real interest rates. For some developing countries
consumption was residual. Investment demand was mostly the function of the avail-
able funds and the interest rates on long-term credits. Exports were mainly derived
from the transaction matrices in international trade.

The country models explained the major components of distributed national in-
come, i.e. operational surplus and wage funds. The real operational surplus was de-
pendent on GDP (reduced by wage funds), interest rates and the terms of trade, and
the nominal average wages depended on CPI, labour productivity, unemployment
rate and the operational surplus’ share in GDP.

The models included extended systems of prices and deflators. The equations
explaining wholesale prices reflected the impacts of money supply and the unit cost
changes. Import prices were endogenized by means of the transaction matrix in
international trade, allowing for predetermined export prices.

The models contained blocks of equations explaining money demand, as well as
interest rate systems. Public finances were represented by the equations explaining
particular state budgets’ revenues and expenditures. An attempt was also made to
explain changes in the major balance of payments components and in the exchange
rates (Onishi 1993).

The FUGI system was used in numerous policy simulations of the world econ-
omy developments, particularly in the context of the links between the Japanese and
US economies, and in forecasting.
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12.13 The Model of Oxford Economic Forecasting

At the beginning of the 1990s, a forecasting system incorporating the quarterly mul-
ticountry model of the world economy OEF (Oxford Economic Forecasting) was
constructed in the United Kingdom. The OEF model was a medium size model with
780 equations, which included 15 countries and 4 regions (Burridge et al. 1991).

The country models were demand determined. Household consumer demand was
dependent on real disposable income, personal wealth and interest rates. The pro-
duction functions were used to derive equations explaining employment. Real av-
erage wages were determined by lagged productivity of labour and unemployment
rates. Prices resulted from unit costs plus a mark-up that depended on the rate of
potential capacity utilization. Exchange rates were dependent on the interest rate
differences and the current account surplus. Interest rates were mostly exogenous.
The equations explaining money demand in the major countries were specified.

The OEF model was systematically used in forecasting and in the economic anal-
yses of the world economy changes.

12.14 The Multicountry Model PRIAMO

In the early 1990s, the small, annual multicountry model of the world economy
PRIAMO was constructed at the research institution PROMETEIA in Bologna,
Italy. It was mainly designed for simulation analyses exploring the world economy
changes having effects on the Italian economy, which could be performed in tandem
with policy simulations based on the macroeconometric model of Italy maintained
at PROMETEIA.

The multicountry model included 7 large OECD countries (France, Germany,
Italy, Japan, Spain, the United Kingdom, the USA), 5 remaining OECD countries
and groups of countries, and 8 regions covering the rest of the world. The country
models were demand determined, their structure being characteristic of the prevail-
ing mainstream models. The structure was the most detailed for the large 7 OECD
countries, moderately detailed for the other OECD countries, and simplified for the
rest of the world.

In the large country models consumer demand was dependent on real disposable
income, real personal wealth and real interest rates. Investment demand was deter-
mined, following the accelerator rule, by smoothed GDP and user costs (primarily
short-term real interest rates). Domestic final demand plus net exports determined
demand for GDP. On the other hand, the models had equations that generated po-
tential output using the Cobb-Douglas production functions. The emerging capacity
utilization rates were used for determining prices that depended also on unit labour
costs and import prices.

The models of the particular countries were linked through transaction matrices
in international trade (D’Adda et al. 1997).

The PRIAMO model was used in numerous policy simulations. It is worth men-
tioning that it supported the analyses of the potential impacts of Central European
countries’ entering into the EU (D’Adda et al. 1997).
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12.15 The Multicountry MC Model by R.C. Fair

The MC model of the world economy was constructed in the early 21st c., as a
result of the research efforts of just one author, R.C. Fair. It is known for its orig-
inality. The model was built within a macroeconomic framework that the author
developed for his previous models of the USA. The model’s equations were spec-
ified using solid microeconomic foundations: economic agents making their deci-
sions solved the maximization problems under imperfect competition; the forecast-
ing errors entailed disequilibria in commodity markets (inventory fluctuations) and
in labour markets (unemployment); expectations were not rational (Fair 1974, 1984,
1994). In building his MC model R.S. Fair broadly drew on the rich experience he
had accumulated while constructing the previous versions of his models of the US
economy, which are presented in Chap. 3.

The MC model was composed of the macromodels for 39 countries. The US
economy model presented in Chap. 3 was the largest (31 stochastic equations). The
models for the other countries had a unified structure and were smaller, each having
15 stochastic equations. The total number of the stochastic equations was 362 (Fair
2004). Depending on their availability, either quarterly or annual data were used,
the first year of the sample being basically 1960.

Unlike the US model, the other country models were specified like the struc-
tural models of a neo-Keynesian orientation. Lagged endogenous variables were
introduced into the majority of the equations as the explanatory variables, so that
the short-term and long-term impacts could be distinguished from each other. The
downside of this specification was that the autoregression coefficient estimates were
frequently extremely high and the estimates of the other parameters were barely
significant. The estimation process was based on the Cowles Commission method-
ology: TSLS was applied, assuming that the deviations from the deterministic trend
were stationary.

Consumption demand (per capita) was dependent on GDP (per capita), financial
assets-to-potential output ratio, interest rate and lagged consumption (per capita). In-
vestment demand was determined by its lagged volume, GDP (the accelerator rule)
and interest rate. Global demand (sales) was obtained from an identity and demand
for GDP was generated from a stochastic equation, allowing for inventory changes.
Employment increase was obtained in a rather complex manner. The starting point
was a lagged ratio of effective-to-potential employment, which was calculated by
dividing GDP by exogenous labour productivity. It was modified by the current and
lagged increases in GDP. The labour force supply was obtained using the coeffi-
cients of the economically active populations (by gender), being mainly dependent
on real wages. The rate of unemployment was residual.

Prices were represented by the GDP deflator. They were dependent on the defla-
tor’s lagged value, import prices and the rate of capacity utilization (represented by
the deviations from the GDP trend). Nominal wages were determined by the GDP
deflator, labour productivity and unemployment rate. Export prices in relation to the
world prices were dependent on the ratio between domestic prices and world prices.
Exchange rates, estimated separately for the US and DM, were dependent on the
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ratios between domestic prices and respective US and DM deflators and on the dif-
ferences in interest rates. In the country models, interest rates were endogenized.
The short-term interest rates were dependent on the growth rates of GDP deflators,
the rate of capacity utilization and the US and German interest rates. The long-term
interest rates were determined by their lagged values. The models contained also the
equations explaining money supply.

Import (per capita) was dependent on its lagged value, domestic demand (per
capita) and relative prices. Export was generated in the system using the exports
shares matrix of international trade. The quarterly shares were available. They de-
pended on the ratios between particular countries’ export prices to the world prices.
The equations were used to forecast the components of the aforementioned matrices.

The MC model was used in many interesting analyses. On the methodological
plane, R.C. Fair investigated the impacts of the nominal versus real effects and tested
for the NAIRU appearance. He also tested the correctness of using rational expec-
tations, finding no empirical justification for this decision. He propagated the use of
the bootstrap methods in the estimation process. On the economic plane, he investi-
gated, for instance, stabilization issues with respect to the introduction of the Euro
(Fair 2004).

12.16 Other Multicountry Models

For the scarcity of information on the other multicountry models, their characteris-
tics will only be sketched. The same concerns the computational general equilibrium
models and small models of rather historical significance (cf. Whitley 1994).

In the last years of the previous century, the ATLAS model was constructed at
the Ministry of Finance in France. It was a large quarterly model that included 10
regions and had 1450 equations, 540 of which were stochastic. It was used in fore-
casting and policy simulations. The quarterly multicountry EPA model (Economic
Planning Agency, Tokyo) was of similar size. The EPA model covered 9 countries
and 6 regions, having ca. 1,200 equations in total (EPA 1999). In Japan, S. Shishido
constructed the large multicountry model of the world economy TSUKUBA-FAIS.
It had the same goals and structure as Project LINK, but all its country models
were constructed by the common standards developed at the Tsukuba University
(Shishido 1980). Multicountry models including respectively 23 countries and 6 re-
gions and 3 countries and Europe as a single region were developed also at the
Wharton Associates and at the Data Resources Inc. (DRI); at the beginning of the
21st c. they were merged into one system maintained by Global Insight.

In the 1990s, B. Guerts and H. Timmer built the multicountry computational
general equilibrium model World Scan at the Office of Economic Policy Analy-
ses, CBS, in the Hague (CPB Netherlands Bureau for Economic Policy Analysis
1992). Its core version built at the end of the previous century was used for con-
structing its special versions intended for the long-term analyses of the world econ-
omy (globalization, ecological threats, energetic raw materials, etc.). It was a large
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CGE model with 12 regions and 7 sections that distinguished between the high- and
low-qualified labour force (CPB Netherlands Bureau for Economic Policy Analysis
1999).

In the United Kingdom, a multicountry, annual model with rational expectations
was developed in the mid-80s, in the tradition of the Liverpool models. It included
9 major OECD countries and 3 blocks having in total 153 equations. The model
had a neoclassical orientation and addressed market equilibria. Household demand
was dependent on the expected real incomes and real financial assets. Prices were
determined by unit costs and a flexible mark-up (Minford et al. 1986).

In France at GAMA a multicountry model GAIA was constructed. It is a quar-
terly model used in short and medium-term forecasting.

The MSG multicountry model that W. McKibben and J.D. Sachs developed in
the beginning of the 1990s gained historical meaning. It was an annual CGE model
with rational expectations (McKibben and Sachs 1991). Its new version was built at
the end of the same decade (McKibben 1999).

At the beginning of the 21st c. a small G-3 model intended for policy analy-
ses was constructed at the Centre for International Macroeconomics in Oxford. It
covered Japan, USA and the Euro Area treated as a single economy (Chamberlin
et al. 2003). Its structure was complex. Stress was given to the specification of the
equations explaining the supply sector, especially to the specification of the real
wage equation representing the wage bargaining process. The model included both
rational expectations and expectations based on the learning process. The latter ex-
pectations, preferred by the authors, were followed by very long dynamic adjust-
ments. The parameters of the country models’ equations were estimated using the
cointegration techniques to allow for the non-stationary time series.
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Chapter 13
The Epilogue

Within macroeconometric modelling that has been developing worldwide for more
than 60 years now almost every country has built and maintains its own national
macromodel. The industrialized countries have several or even more country mod-
els. Macroeconometric models have become an indispensable instrument for fore-
casting and programming economic development, as well as for making analyses of
the economic policy impacts at the country and international levels. This tendency
seems to be permanent and the models’ applications are likely to grow in number
with progressing globalization.

The large variety of macroeconometric models that exist today has several
sources. Firstly, they differ in terms of scopes and sizes that depend on their purpose.
Secondly, they have different structures and specifications that result from their the-
oretical underpinning. Thirdly, they use different estimation methods, which range
from the traditional ones based on the Cowles Commission methodology to the
methods founded on the cointegration analysis of time series.

Their sizes are very diverse. Unlike the early 1980s, this is no longer the subject
of disputes (Kmenta and Ramsey 1981). The model size depends on the purpose it
is to fulfil. The computational power has ceased to be a factor that restricts it. The
annual models are in principle large, especially if the I-O submodels have been in-
cluded. Among the quarterly models the medium-size models prevail. The monthly
models that have been built in the recent years have small numbers of equations,
though.

The development of the macroeconometric modelling activities has been nei-
ther smooth nor regular, especially during the last 10 years. In the first 25 years
after macromodels started to be constructed academic centres played the major role
in developing the macroeconometric modelling rules and in shaping the models’
structures. The American centres were in the lead, among which L.R. Klein and the
University of Pennsylvania played the central role, followed by the UK university
centres. Those centres originated the “mainstream”, demand-oriented models; ini-
tially annual and then quarterly, the models systematically grew in size from several
hundred to several thousand equations along with the substantial disaggregation of
economic activities.
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The well-known Lucas critique provoked broad discussions on the role of ex-
pectations. The rational expectations conception drew many adherents and enriched
the specifications of many macroeconometric models. Nonetheless, many research
institutions continued to use the concept of adaptive expectations or, alternatively,
made attempts to apply the idea that economic agents learn systematically. It has
been broadly realized that the knowledge of the theoretical mechanisms governing
economic adjustments remains the exclusive domain of experts in the large corpo-
rations (Fair 2004). In many countries the information on economic agents’ expec-
tations gathered from regular firm and household surveys is also used.

Over the last 20 years international organizations, research institutes and central
banks in particular countries have constructed numerous multicountry models of the
world economy, where the numbers of the countries range from several to several
hundreds. The models have detailed structures for large industrialized countries, but
the structures for the other countries are less developed. The large models have in
total many thousand equations. The models are operational and mainly used to run
policy simulations. In many developed countries the world economy models have
“absorbed” their country models. This tendency has been more and more common.

The macroeconometric mainstream models had well-developed structures.
Within the real sector the models distinguished the demand sector, on one hand,
and the slowly developing supply sector, on the other, as well as the financial flows
sector. This framework has recently typified many macromodels of developed coun-
tries and the newly built models of developing countries. It is maintained for many
reasons. It facilitates sectoral disaggregation, establishment of links with the I-O
type models, extension of the supply sector to include the endogenized impacts of
technological progress (allowing for the properties of a knowledge-based economy)
and, last but not least, the ecological conditions.

In this class of macroeconometric models built in the recent years the long-
term (equilibrium) relationships and the short-term adjustments are regularly dis-
tinguished. The models use estimation methods developed by R.F. Engle and
C.N.J. Granger and apply ECM to estimate the short-term parameters.

Over the last 20 years certain twilight of these macromodelling activities has
been observed. New theoretical approaches developed in the last two decades have
shifted the centre of gravity to the microeconomic foundations of macromodelling.
The economic agents are assumed to optimize their behaviour, i.e. to maximize the
utility and profits under imperfect competition. An important role has been given to
the concept of lifetime expected and/or permanent income of households. The neo-
classical production function has been used to determine the demand for production
factors and in generating producer prices and wages.

This process has been followed by a change in the general structure of macroe-
conometric models. Within the real sector, household subsectors (consumer de-
mand, labour force supply, etc.) and enterprises (output, demand for production
factors, prices and wages) have been distinguished. The economic agents are as-
sumed to make basically rational decisions. This has led to the introduction of the
consumption function concept assuming lifetime expected incomes and to its ver-
ification in many models of industrialized, stable countries. Producers have been
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assumed to maximize profits under imperfect competition—the solution of this op-
timization problem determined the specification of the production function and of
the equations explaining the demand for production factors, as well as producer
prices and wages.

This theoretical underpinning has been primarily used to specify the long-term
(equilibrium) relationships being frequently used as the basis for calibrating the
equations’ parameters. In the specification of the short-term relationships’ parame-
ters, the effects of expectations and inertia have been introduced as a rule, mainly
using ECM.

The above tendencies can be seen in many models constructed in the last years by
both research centres and public institutions. The academic institutions have rarely
contributed to this development.

A new theoretical impulse came at the turn of centuries with the development
of the “new economy” (Lane 2001). According to the new approach, the economic
agents are optimizing their activities under monopolistic competition; the adjust-
ments are rigid (neo-Keynesian); this chiefly applies to price and wage adjustments,
but also to cost adjustments.

The above ideas provided a basis for the construction of a new class of mod-
els based on the Kydland-Prescott business cycle theory. These were the dynamic,
stochastic, general equilibrium models (DSGE). They differed from the computa-
tional general equilibrium (CGE) models mainly in that they assumed imperfect
competition and rigidities in time adjustments.

The DSGE models have been and are being developed mainly at the central
banks’ research centres, because the banks are interested in their possible appli-
cations to investigating the monetary and fiscal policy impacts. The structure of the
models has become special, somewhat different from that characterising the main-
stream models. In the production sector the flows of the domestic and imported com-
modities are sharply distinguished. Hence the “production of intermediate goods”
is distinguished, i.e. domestic output is explained through the production functions
and the “production of final goods” covering the flows of domestic and imported
commodities to final users (that may be in the domain of domestic trade). Domes-
tic production is frequently decomposed into sheltered industries and those open to
foreign competition.

In the models, the demand equations following the neo-Keynesian approach
induce nominal rigidities. The consumption functions typically include lags (the
Brown effect), likewise the investment functions, allowing for the impacts of ad-
justment costs.

The specification process founded on theoretical assumptions has usually led to
parameter calibration in the long-term equations, less frequently in the short-term
equations. The latter have been mostly estimated with ECM and more recently with
the Bayesian methods. This has opened new prospects for the applications of this
class of estimation methods.

The development of macromodelling activities associated with the use of the
DSGE models awoke the hopes for the renaissance of the activities in the academic
centres. J. Verbruggen from the CPB in the Netherlands, the oldest macromodelling
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institution, has stated: “The DSGE models are a blooming business. . .” (Verbruggen
2008, p. 1). However, sceptical opinions can also be frequently heard. It is indicated
that the DSGE models fail to cover all interesting economic phenomena and are
weakly linked with the observations. These shortcomings tremendously impede the
attempts at using the DSGE models to fulfil many functions of the large mainstream
models (Fair 2009).

New tendencies developing within estimation theory that draw on methods rang-
ing from the time series analysis to the cointegration analysis of the economic re-
lationships have evoked the revival of modelling activities in the academic centres.
In the applications they were limited to the construction and analysis of the small
equation systems describing relatively isolated economic relationships. They have
been mainly applied to systems presenting the dynamics of inflation. The limited
computational potential has restricted the systems to a few equations.

Therefore, the attempts to use this methodology in macroeconometric modelling
have been rare and have been restricted to the analyses of monetary markets. Let us
mention the VECM models for the USA (Anderson et al. 2002), the SVAR mod-
els for the United Kingdom (Garratt et al. 2006) and a model for Norway (Bårdsen
et al. 2005). The British model has been compared with the simultaneous model
COMPACT for the United Kingdom, but this exercise has not provided any def-
inite conclusions on the effects of the analysed shocks (Jacobs and Wallis 2005).
The authors of the models have expressed their hopes that appropriate submodels
of other economic sectors may be built in the future and integrated into one large
system representing the national economy as a whole. This may point to the likely
path of future development of macroeconometric modelling, being a “theoretical”
alternative to the DSGE models.
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Chapter 14
Introduction

The second part of this monograph is an attempt to present the structures of macroe-
conometric models run by major macromodelling centres. It will be described how
equations of macroeconometric models are specified, including consumer demand
and investment demand functions, production functions and equations explaining
prices, wages and financial flows. In each case the underlying economic theories
will be summarized, whose detailed presentations are available in the mathematical
economy monographs.

The above description will be accompanied by a presentation of the results of
empirical research based on macroeconometric models. The results, most frequently
having the form of the estimates of respective elasticities, will be presented for the
major countries in the world to show the degree to which the macro-characteristics
of economic agents’ behaviour were close to each other and stable. This explains
why we refer to the macromodels of particular countries to describe the specifica-
tions of equations, but in characterising the estimation results we use the results
obtained from the multicountry world models.

The construction and use of macroeconometric models is connected with many
other important issues which are not addressed in this book, such as the methods for
estimating equation parameters, especially those involving cointegration analysis, or
numerous tests that are broadly used by the authors of contemporary macroecono-
metric models. Also, the descriptions of numerous model applications, including
the results of multiplier analyses, policy simulations and forecasts, will not be pro-
vided. These issues require special discussion and more space, which can be found
in many monographs and contributions to the world literature.1

It is not feasible to define what a “typical” structure of a macroeconometric model
is, as several types of models were developed in the past, having different theoret-
ical underpinnings and various arrangements of the specified equations. They were
predominantly the demand determined Keynesian models, called the main stream

1Cf. Hendry (1995), Juselius (2006), Majsterek (2008), Welfe (2009); the models’ applications
were described e.g. in Klein et al. (1999) and Fair (2004).
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models in the previous years. They distinguished the sectors of final demand, sup-
ply, prices, wages and financial flows. The next to be mentioned are models relying
on microeconomic foundations, whose equations were specified based on the neo-
classical behaviour optimizing assumptions. These models distinguished the fol-
lowing sectors: households maximizing their preferences, producers maximizing
profits or minimizing costs under imperfect competition, public institutions and a
foreign sector. The next categories of models referred to general equilibrium the-
ory, which became the basis for constructing the computable general equilibrium
models (CGE), being static and partly deterministic. This class of models was more
recently generalised by taking advantage of modern business cycle theory (Kydland
and Prescott 1982), which resulted in the development of the Dynamic Stochas-
tic General Equilibrium (DSGE) models. The DSGE models distinguish within the
production sector the producers of intermediate commodities (including domestic
producers) and the producers of final commodities that include with the suppliers of
domestic and imported goods.

The above modelling frameworks are characterised more in detail in the next
chapter, where the classifications of economic activities as used in macroeconomet-
ric models are additionally described.

In the next chapters equation specifications and the empirical results of param-
eter estimation arranged by the type of economic agent are discussed. Chapter 16
presents equations explaining households’ activities, such as consumer demand and
investment demand functions, and labour force supply equations, following the util-
ity maximizing behaviour.

In Chap. 17 the specification of the equations explaining the behaviour of the
profit maximizing (or cost minimizing) enterprises is discussed. Except for the equa-
tions explaining inventory changes, the most important role is played by the produc-
tion functions. The functions are used in generating potential output and production
supplies and (after conversion) in constructing functions explaining the demand for
production factors. The investment demand functions are determined, likewise the
employment demand functions. The chapter closes with a description of equations
explaining producer prices and average wages.

Chapter 18 deals with issues concerning the modelling of equilibria and dise-
quilibria in the commodity and services markets, and in the labour market. The
quantitative and price adjustment mechanisms of market clearing are discussed in
this chapter. The quantitative adjustments include inventory changes and changes
in the capacity utilization rate, exports and imports. The descriptions presented in
the previous chapter are made complete by introducing equations explaining pub-
lic institutions’ demand for consumer goods, the demand for inventory changes, and
foreign trade. Labour market changes determining unemployment rates are also pre-
sented, together with the NAIRU and NAWRU characteristics. The chapter presents
how final goods prices, production factor prices and average wages are determined
in the public sector, thus closing the description of the price and wage system. Fi-
nally, the major feedbacks (multipliers) in the household and enterprise sectors are
demonstrated.

Financial flows modelling is the subject of Chap. 19. The chapter presents equa-
tions explaining revenues (incomes), expenditures and balances (savings), which
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were built for institutional agents, e.g. households, enterprises, public institutions
(mainly the state budget) and foreign agents (using the balance of payments). The
specifications of equations explaining direct and indirect taxes are discussed in the
chapter. Lastly, the interlinks between institutional agents and the links with real
sectors are demonstrated.

Equations explaining the money and credit markets are distinguished and dis-
cussed separately in Chap. 20. Credits for particular groups of agents and their
bank deposits are explained. The demand for money function is specified. The equa-
tions explaining the interest rates are shown. Special attention is addressed to central
banks’ decisions adjusting interest rates to enable the achievement of the inflationary
target. The exchange rate specification is broadly discussed. The chapter ends with
examples showing interrelationships concerning inflationary processes and specific
interest and exchange rates, analysed using the cointegration method.

Final comments are presented in Chap. 21 ending the monograph.
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Welfe, A. (2009). Ekonometria. Metody i ich zastosowanie (Econometrics. Methods and their use)

(4th ed.). Warszawa: PWE.



Chapter 15
Macroeconometric Models—The Classification

15.1 Introduction

When a national economy is being modelled, complex economic and social pro-
cesses as well as relationships between economic agents that enter into economic
systems must be taken into account. The systems are composed of individual eco-
nomic agents or of their interlinked bodies, such as their organizations. Based on
the major functions played in economic processes, the following groups of eco-
nomic agents can be distinguished: households, enterprises, public institutions (in-
cluding financial ones) and foreign agents. Different types of markets are also
distinguished—commodity and services markets, labour and money markets. Sell-
ers and buyers in the markets participate in barter transactions, which are followed
by flows of commodities and services, price adjustments and financial flows. The
criterion that is used the most widely stresses the predominant kind of economic
activity, leading to the distinction of sections and industries, such as agriculture or
manufacturing industry (Bodkin et al. 1991).

By investigating the activities of the bodies of economic agents, the knowledge
of the mechanisms underlying their functioning and growth can be extended. This
is an important area of empirical analyses based on macroeconometric models.

Macroeconometric models were initially built using mainly classifications that
distinguished the kind of economic activity (SNA). A more recent tendency is to
apply the type of economic agent as the primary criterion, other criteria being given
a secondary role.

15.2 Classifications of the National Economy in Macromodels

Economic agents are usually classified in macroeconometric models based on in-
ternational statistics criteria and rules. They derive from the system of national
accounts (SNA), which was developed at the UN Statistical Office as a result of
R. Stone’s pioneering efforts and has been used all over the world since the 1990s.
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Let us remind that until the end of the 1980s the former centrally planned economies
(CPI) operated a special system of national economy balances, called Material Prod-
uct System (MPS).

In the above systems particular economic agents are classified by their predom-
inant economic activity. In the enterprise sector, the agents are usually enterprises
(frequently conducting various activities) rather than plants representing technolog-
ically homogeneous units of a uniform profile. The SNA has been recently extended
to accounts concerning the socio-demographic processes. As the processes were
commonly presented as a flow matrix, the enlarged system is called a social ac-
counts matrix (SAM).1

The early macroeconometric models used activity classifications which were
close to SNA and accentuated the macroeconomic orientation. As a result, the main-
stream models usually distinguished real and financial processes (flows), linked
through (broadly understood) price adjustments.

The real processes include:

• generation of gross domestic output (GDP),
• production of commodities and services,
• employment and labour force,
• fixed capital and its replacement,
• GDP distribution and use, followed by the generation of final demand,
• export and import of commodities and services,
• household consumption,
• consumption of public institutions,
• investments in fixed capital and inventory changes.

Production and production factors may be further classified by the predominant
technology, raw materials, etc., as well as decomposed into sheltered and open sec-
tors. A more detailed decomposition of consumption, investment and foreign trade
is also possible, using the common commodity classifications.

The financial processes include:

• the current transactions of economic agents:
– revenues (incomes),
– expenditures (user costs),
– surplus or deficit,

• the capital transactions of economic agents:
– assets and their changes,
– liabilities and their changes,
– capital transaction balances,

• wages and prices, including exchange rates and interest rates.

Particular kinds of financial flows are generally specific to different types of eco-
nomic agents, so they are modelled separately for different institutional sectors.2

1A detailed description of national accounting systems and the SAM matrix is provided in
Tomaszewicz (1994) and Zienkowski (2001). Cf. also Klein et al. (1999).
2Cf. Klein and Welfe (1982) and Klein et al. (1999).
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Because of information scarcities, the modelling of capital flows has not been
sufficiently developed.

Models using the above classification may be either one-sectoral and then they do
not distinguish any kind of activity, or multi-sectoral, if such distinctions have been
introduced. The multisectoral models may include many hundreds or thousands of
subdivisions, hence large number of equations.

In the classifications with prevailing microeconomic criteria, the major sectors
are households, enterprises, public institutions and foreign agents. Economic agents
are assigned to the sectors based on the theoretical underpinning accepted by the
authors of the models, who postulate the optimizing behaviour of economic agents
rather than institutional criteria.

This type of classification can be illustrated using a grouping of economic activ-
ities assumed in the Fair model (Fair 2004).

Households

• consumption
• residential investment
• labour force supply
• financial assets (partly distinguished in the financial sector)

Enterprises

• producer prices
• production
• fixed capital and fixed capital investment
• employment, the number of employees and hours worked
• wages in the enterprise sector.

Further disaggregation is possible and then criteria based on the kind of eco-
nomic activity are mostly used. For example, consumption may be decomposed into
the consumption of durables, non-durables and services, production may be broken
down into agriculture, manufacturing industry etc.

Financial Flows (Disaggregated as in the Previous Classification)
Markets are classified by

• commodities and services
• labour
• money.

A deeper decomposition of the markets is usually performed following special
classifications, such as SITC in foreign trade. The models characterizing the mar-
kets’ behaviour are typically composed of equation systems explaining demand
from potential buyers, supply from potential sellers and prices clearing the mar-
kets. If interlinks in a market subsystem overlap the entire national economy, the
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computable equilibrium models (CGE) can be constructed. Developed at the World
Bank since 1980s, the CGE models have spread all over the world.3

The above classifications were extended in models that introduced dynamic and
stochastic relationships, i.e. in the dynamic, stochastic general equilibrium (DSGE)
models. In particular, the domestic and imported commodities were clearly distin-
guished among the models’ commodity flows. The domestic production was car-
ried out within the “intermediate goods” production sector. Domestic and imported
goods were combined into the “final goods” production sector, being in fact a rep-
resentation of the domestic trade sector.

15.3 Macroeconometric Models. Their Major Types

The econometric models of national economies belong to the class of econometric
models that have reached the highest degree of excellence.

Until quite lately, particular countries functioned in a state of relative ‘splendid
isolation’, implementing their national economic policies and using uniform socio-
economic statistics. The macroeconometric models in the countries were used not
only to perform macroeconomic analyses, but also to conduct sectoral studies, anal-
yses of particular markets, analyses of financial processes, etc. The limited avail-
ability of statistical data prevented the regional models from being broadly used in
particular countries. On the other hand, though, the multicountry models have been
gaining importance over the last 20 years. This particularly applies to the world
economy models containing separate models for the main industrialized countries,
as well as the models of the distinguished regions of the rest of the world.4

A special class of macromodels is input-output models that mostly represent in-
terindustry and/or intersectoral commodity flows and the related price systems. They
may be linked with econometric submodels that explain, on the one hand, income
generation and the resulting final demand and, on the other hand, output genera-
tion and production factors. This provides grounds for constructing the integrated
models of the national economy (cf. Tomaszewicz 1994).

In constructing macroeconometric models alternative assumptions about what
major economic mechanisms define specific economic regimes can be used. The
first group of the models consists of a system where the demand and supply of
commodities and production factors effectively adjust to respective price and wage
changes. These are the models of national economy in (full) equilibrium. The CGE
models belong to this class of models. The class can be coherently represented by
the following system of equations:

• a demand equation yd
t :

yd
t = d(pt , . . .) (15.1a)

3Cf. Ginsburgh and Keyzer (1997) and for Poland Okólski and Timofiejuk (1978), Orłowski
(1992), Żółkiewski (1995).
4Cf. Whitley (1994) and Klein et al. (1999), where the description of the Project LINK world
economy model can be found.
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• a supply equation ys
t :

ys
t = s(pt , . . .) (15.1b)

• An identity assuming that demand equals supply:

yd
t ≡ ys

t ≡ yt (15.1c)

where y is the realization.
The solution of this three-equation system yields the market clearing price p∗

t :

pt = p∗
t (15.1d)

The above models are infrequently built in their pure form, because the assump-
tion about prices being the only market adjustment instruments is rarely met and the
adjustments are not necessarily effective. There are rigidities in price and wage be-
haviour, as well as cost adjustments. This neo-Keynesian point of view was accepted
for the dynamic, stochastic general equilibrium (DSGE) models.

Most macromodels assume, however, that the prevailing economic mechanisms
involve quantitative adjustments, such as inventory changes, changes in the capacity
utilization levels and employees’ working time, as well as in exports and imports.
Price adjustments, if they occur, are either lagged or of small importance (this does
not mean that prices are constant, but that they change mainly because of changing
unit costs).

In the real world, the above adjustments are seldom effective. There are several
markets where the equilibrium condition (15.1c) is not met. Macromodels assuming
that this type of markets exists are called disequilibrium models in a broad sense.
Disequilibria can take different forms and appear in different markets.

The first to be distinguished are the macromodels assuming excess supply of
production factors, i.e. with non-fully utilized production capacities and unemploy-
ment, and with a likely excess supply of commodities and services. If these condi-
tions are met, it is justified to assume that supply follows (constrained) demand. For
this reason, the models are called demand determined or demand oriented. We can
write:

for ys
t > yd

t ⇒ ys
t → yd

t and yd
t = yt (15.2a)

where ys
t − yd

t = ys
t − yt is excess supply.

If the supply of production factors or of commodities and services (or foreign
money reserves) is restricted, then the market transactions will represent the realiza-
tions of supply. These models most frequently contain not only the supply equations,
but also the estimates of excess demand and respective disequilibria. They are called
the supply-constrained or supply-determined models. They can be presented as:

for ys
t < yd

t ⇒ ys
t = yt (15.2b)

where yd
t − ys

t = yd
t − yt is excess demand.

The disequilibria conditions may in fact differ between sections and markets. The
simplest approach is to assume that the min-condition holds:

yt = min
(
yd
t , ys

t

)
(15.3)
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In the real world quantitative and price adjustments occur concurrently, but their
intensities are different. The efficiency of these adjustments, especially in the short-
run, is market specific. It is frequently assumed that the adjustments are effective in
the commodity and services markets, i.e. where demand equals supply. This follows
from the assumption that because of the non-fully utilized production capacities,
unemployment and sufficient foreign reserves, demand changes will in the short-
run cause adjustments in supply. The adjustments will not involve significant price
changes (excluding commodities characterised by rigid supply, such as agricultural
crops). The above conditions, marked by non-fully utilized production capacities
and long-term unemployment, are described by the following class of models rep-
resenting the regime of Keynesian unemployment:

Xs
t ≥ Xd

t = Xt Ns
t > Nd

t = Nt and Ks
t > Kd

t = Kt (15.4)

where:

Xt is output (GDP),
Nt is employment,
Kt is fixed capital.

Under conditions characterized by excess demand for commodities and services,
two economic regimes are generally distinguished. In the classical unemployment
regime it is assumed that entrepreneurs will not decide to produce enough products
to meet demand, if they do not find it profitable. Then restrictions in meeting demand
are followed by employment restrictions. Hence:

Xs
t < Xd

t ⇒ Xs
t = Xt and Ns

t > Nd
t = Nt and most frequently Ks

t > Kd
t = Kt

(15.5)

According to the more frequently distinguished conditions, excess demand is
caused by non-sufficient supply resulting from the shortage of one of the production
factors. This economic regime is called a regime of suppressed inflation to underline
the non-satisfactory efficiency of price adjustments. If labour supply is restricted,
then excess demand affects both commodity and labour markets:

Xs
t < Xd

t ⇒ Xs
t = Xt and Ns

t < Nd
t ⇒ Ns

t = Nt (15.6)

Within the above regime, other sources of deficit (of insufficient supply) can be
distinguished, such as restrictions in the delivery of energy or raw materials that at
the macro-scale can be attributed to limited foreign reserves (necessary to finance
the import of intermediate commodities (MZ)). These conditions were typical of
the former centrally-planned countries. The first models of the developing countries
assumed that foreign demand was met, while deliveries to the domestic markets
were residual, because of deficiencies affecting the domestic production potential.

In practice, the pure forms of the above regimes are found rather rarely, so model
builders construct mixed models assuming the coexistence of different regimes (Ma-
linvaud 1977).
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15.4 A Stylized Structure of the National Economy Models

Over the last 50 years the structure of the macroeconometric models has changed
significantly. Its simplified, stylized version will be demonstrated below as a skele-
ton system.5 The first to be presented is the stylized structure of macroeconometric
models prevailing in the 1980s, where the kind of economic activity was used as the
criterion for ordering equations.

The key role was played by the national accounts identity defining the demand
for GDP (Xt ):

Xt = Ct + Gt + Jt + (Et − Mt) (15.7)

The basic behavioural and technological relationships were as follows:

• consumption function

Ct = c(Yt , rt ,Ct−1) (15.8)

• investment function

Jt = j (Xt , rt ,Kt−1) (15.9)

• exports function

Et = e
(
WTt,p

w
t /pt ,Et−1

)
(15.10)

• imports function

Mt = m
(
Xt,pt/p

m
t ,Mt−1

)
(15.11)

• employment function

Nt = n(Xt ,Nt−1) (15.12)

• producer price equation

pt = p
(
wt,Nt/Xt ,p

m
t

)
(15.13)

• average wage equation

wt = w(ut ,pt ) (15.14)

• population activity equation

Ns
t /Lt = n(ut ,wt/pt ) (15.15)

• money demand equation

Md
t = m(Yt ,pt , rt ) (15.16)

where the endogenous variables are:

Ct is household consumption (constant prices),
Et is exports (constant prices),

5Cf. Klein et al. (1999) and Whitley (1994).
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Jt is gross investment (constant prices),
Kt is fixed capital (period end, constant prices),
Mt is imports (constant prices),
Nt is employment,
Ns

t is labour force supply,
pt is producer prices,
pm

t is imports prices, pm
t = p(pw

t ),
ut is unemployment rate, ut = (Ns

t − Nt)/N
s
t ,

wt is nominal average wages,
Yt is real disposable household incomes,

the exogenous variables are:

Gt is real expenditures of public institutions,
Lt is population size,
WT t is global world exports,
pw

t is world prices.

The specification of the above equations will be briefly commented on. Its major
modifications which were introduced in the next years will be discussed in the para-
graphs below. A full-length presentation will take place in the next chapters of this
monograph.

The consumption function (15.8) represents a Keynesian orientation. Consump-
tion is mainly determined by the real disposable household income. Lagged con-
sumption introduced because of inertia (the Brown effect) can be also interpreted
as a summary characteristic of the lag distribution of real incomes. The interest rate
explains consumption changes caused by the changes in savings.

The investment function (15.9) is a version of a flexible accelerator function. It
is assumed that the desired level of fixed capital K∗

t is determined by output level
(Xt ) and interest rate (rt ):

K∗
t = kt (Xt , rt ) (15.17)

and that fixed capital expands proportionally to the difference between the desired
and effective stocks of fixed capital:

�Kt = λ
(
K∗

t − Kt−1
)

(15.18)

Hence investment will be equal to the sum of the increase in fixed capital and its
depreciation Dt = dtKt−1:

Jt = �Kt + Dt = i(Xt , rt ,Kt−1)

In the stylized model the public investment demand is assumed to be exogenous.
The foreign trade equations are more or less standard. Exports depend on the

world demand and imports on the total domestic demand. In both cases demand is
appropriately adjusted by relative prices.

The employment function is most frequently generated from inverting the pro-
duction function. An important role is played by the lags in employment adjustments
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to output changes. The labour force supply is determined by multiplying the num-
ber of population by the active population ratio. The ratio is affected by the labour
market situation (unemployment level) and the attractiveness of the available jobs
(real wages). The rate of unemployment was residual.

Producer prices depend on the unit costs represented by labour costs and import
prices, and average wages are determined by the rate of inflation and unemployment
rate.

Financial flows are described by the equation explaining money demand depend-
ing on real incomes, prices and interest rate. The remaining components of financial
flows, including state budget revenues and expenditures, are explained by the rele-
vant identities.

The above system of equations contains all major feedbacks characteristic of
macroeconometric models. Expanding real disposable income is followed by a re-
spective increase in GDP and, allowing for employment lags and predetermined
wages, in real incomes. Therefore, the consumer multiplier can be presented as the
following relations:

�Yt → �Ct → �Xt → �Nt → �Yt

In the above models the accelerator appears, which is demonstrated through the
following relationships:

�Jt → �Xt → �Jt

The additional imports multiplier must be taken into account:

�Xt
+→�Mt

−→�Xt

The models also contain an inflationary loop accentuating the role of wage inflation:

�pt → �wt → �pt

The above feedbacks are presented in Figs. 15.1 and 15.2. that outline the rela-
tions in the stylized model. Their empirical counterparts were obtained using multi-
plier analyses that had preceded numerous model simulations of the likely impacts
of economic policy.

15.5 Model Dynamics. Rational Expectations. Long- and
Short-Term Relationships

New tendencies that led to significant changes in the models’ structure will be briefly
described below. They were characterised in detail in part I of this monograph.

At the turn of the 1970s attention was paid to the necessary standardisation
of techniques for introducing lags into particular equations. Following the LSE
methodology, D. Hendry (1995) proposed to systematically test lags for signifi-
cance, starting from the longest lags available (a top-down approach).
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Fig. 15.1 Consumer multiplier and accelerator

The use of economic agents’ expectations in macromodels has a long tradition.
Expectations based on data regularly obtained from household and firm surveys
were already introduced into the appropriate equations of the early models of the
US economy.

However, it was not until the turn of the 1980s that following the Lucas cri-
tique the tendencies became strong enough to cause the introduction of economic
agents’ expectations, including rational expectations, into the appropriate equations.
Estimation techniques for rational expectations were developed (Fair and Taylor
1983) and applied to many macromodels, mainly to the equations explaining prices,
interest rates, wages and exchange rates. Yet, the rational expectation assumption
was not generally accepted. It was argued that the economic underpinning was ex-
aggerated and that in fact expectations might have been “model-consistent”. The
forward-looking specifications were introduced into the IFM MULTIMOD (Laxton
et al. 1998). Nevertheless, many model builders believed that the (small) economic
agents did not have knowledge necessary to make forecasts based on the theoretical
models, so they used adaptive expectations or, more recently, expectations deter-
mined by the learning process.

In the 1980s attention was paid to the fact that many economic processes (starting
with consumption) included relations that tended to be stable in the long-run. This
led to a proposal to construct the equations in such a manner as to distinguish the
long-term (equilibrium) relationships from the short-run adjustments that should
lead to a steady state (equilibrium). It was generally accepted that the solution could
be an appropriately transformed ADL equation with lags. The approach resulted in
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Fig. 15.2 Inflationary loop

the emergence of the error correction model (ECM). Its standard form for a one-
period lag reads as follows:

y∗
t = β0 + β1Xt (15.19)

�yt = (1 − α1)
(
yt−1 − y∗

t−1

) + α2�Xt + εt (15.20)

where ∗ is a long-term relationship and the variables represent either levels or logs.
The model builders applied the above specification techniques with different fre-

quency in the 1990s, as they became aware that this approach had a solid theoreti-
cal and statistical underpinning in the cointegration theory, given that the statistical
time series of economic variables are most frequently non-stationary (cf. Engle and
Granger 1987).

15.6 The Microeconomic Foundations of Models’ Specification

At the turn of the 1980s, attention was paid to the fact that the macroeconomic rela-
tionships presented in the models should be specified respecting the microeconomic
foundations. Following the neoclassical theory households and enterprises were as-
sumed to optimize their activities—households maximized utility and enterprises
maximized profits (or minimized costs) under imperfect competition. Consumption,
investment (residential) functions and labour force supply functions of households
were derived from utility maximization. By solving the profit maximization problem
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of enterprises, the equations explaining the demand for production factors, producer
price equations and wage equations can be built, assuming predetermined produc-
tion functions.

The specification of the equations differs from that previously shown (the ad-
dition of expectations aside), because stocks being at economic agents’ disposal
were introduced besides flows. In particular, according to the Friedman permanent
income hypothesis, the consumer demand function (15.8) was extended by intro-
ducing a variable that stood for the stock of household personal wealth Vt (initially
containing financial assets, but subsequently also physical ones, mainly apartments
and residential buildings). At a later time, the expected future real labour incomes
called human wealth (Ht ) were introduced, following the long-life Modigliani hy-
pothesis. More details can be found in Chap. 16.

The demand for production factors was specified taking into account the impact
of labour being substituted for machines and equipment. In the investment function
(15.9) the investment user costs (their major component being the interest rate) were
introduced as an additional variable. This allowed determining the expected profits
from investments. In the next years attention was given to the necessity to allow
for the installation costs of new equipment which involved appropriate lags in the
investment process. Attempts were made to utilise the Tobin’s “Q” concept.

In the specification of the employment function (15.12), real wages or wage-
to-profits ratios were introduced. These specifications are broadly discussed in
Chap. 17.

15.7 The Modelling of Supply

The initial specification of the structural equations generally assumed that as result
of market transactions the demand for commodities and services and the demand
for production factors were met. It was therefore assumed that the supply of com-
modities and services and the supply of production factors followed demand. For
that reason, in macromodels the supply functions were not explicitly specified. An
exception was the labour market where labour force supply was generated from a
separate equation, which made it possible to estimate the unemployment rate char-
acterising disequilibrium in this market.

The possibility of frictional disequilibria coming into existence in the commod-
ity and labour markets attracted attention quite early. The disequilibria could be
eliminated by inventory adjustments, so some models were provided with separate
equations explaining changes in the inventories of final commodities, or by adjust-
ments in exports or imports. In the latter case, the characteristics of the potential
demand gaps had to be calculated, which were also used for determining producer
prices.

These characteristics can be built in different ways. The most frequently used are
the coefficients of capacity utilization WXt , which can be obtained from appropriate
surveys or computed from the deviations of output trends. The coefficients obtained
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as a ratio of effective output Xt to potential output X
p
t have the strongest theoretical

underpinning:

WXt = Xt/X
p
t (15.21)

The potential output is typically generated from a production function. Let us
assume that it will be the most frequently used Cobb-Douglas production function
with constant returns to scale:

X
p
t = BAtK

α
t N

(1−α)
t eεt (15.22)

where At is total factor productivity explaining the impacts of technological
progress, α is output elasticity with respect to fixed capital, and εt is the disturbance
term.

The production functions were explicitly specified in only several annual models
and the impacts of technological progress were exogenous (represented mostly by an
exponential trend). The precondition for introducing new specifications with endo-
genized total factor productivity (TFP) was the development of endogenous growth
theory. It was assumed that TFP growth was dependent on an increase in knowl-
edge capital represented by human capital and cumulative R&D expenditures, both
domestic and foreign (W. Welfe 2009). The above functions were most commonly
used in the disequilibrium models and in the long-term models.

The specification of the equations explaining the supply of particular groups of
commodities and services could be found in computational general equilibrium
models where the equilibrium prices had to be determined, and in the supply-
determined models assuming realisation of supply and presence of excess demand
in the markets.

The supply-determined models were usually constructed in countries with cen-
trally planned economies and in developing countries going through the early phase
of their development. The key role in these models was played by the production
functions of industry and agriculture, generating commodity supplies. The alloca-
tion of supplies, including imports, was described by supply functions defined for
particular groups of intermediate and final users. In most cases the supply of exports
followed foreign demand, whereas domestic consumer demand and particularly in-
vestment demand were rationed.

Chronic unemployment present in industrialized countries was an object of nu-
merous studies implying the use of the disequilibrium-type models (Barro and
Grossman 1971). In the models, both demand and supply functions were specified
(supply depended on fixed capital and employment). An economy was assigned
to one of the competing economic regimes empirically, using the min-condition
(Dreze et al. 1990). The enlarged disequilibrium models were used then to describe
the functioning of the centrally planned economies, especially in the period when
chronic disequilibria prevailed in the commodity and services markets (Davis and
Charemza 1989; Welfe 1992). In the 1990s and afterwards, when economic regimes
with constrained demand prevailed, the disequilibrium models’ supply sectors re-
tained only the production functions generating potential output.
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In the supply sectors of the early demand-determined models the decisive role
was played by the wage and price equations. Regarding the macroeconometric mod-
els functioning in the United Kingdom, the most important contributions were made
by Layard and Nickell (1985), who stressed the role of negotiations between em-
ployers and employees’ representatives in forming wages. As a result, the specifica-
tion of wage equations was changed to explain real wage levels as the functions of
the unemployment rate in the short-run and of labour productivity in the long-run.
Taking into account that wages play a special role in forming prices in the imper-
fect markets, the concept of non-accelerating rate of unemployment (NAIRU) was
formulated as an alternative to the natural unemployment rate concept.

In the 1980s, attention was focused on the finding that market pressures were as
important in price determination as cost pressures. Market pressures representing
the demand or supply gaps can be measured using several characteristics of the
capacity utilization rate WXt . Hence, this variable was introduced in different forms
into the producer price equations in the majority of the models. It is also used as an
additional variable in the equations explaining exports and imports, modifying their
volumes in response to market pressures that are mainly generated by unexpected
demand shocks.

With the relaxation of international financial flows and the associated abandon-
ment of control over exchange rates, research attempts were made to endogenize
their development. The most significant became the theory assuming that the ex-
change rate based on the purchasing power parity (PPP) exchange rate varies ac-
cording to changes in the ratios between the interest rates of the compared countries
(uncovered interest parity UIP) followed by respective capital flows and to changes
in risk premium.

More recently, attention was paid to the wage, price and cost formation rigidities
related to the institutional environment. This neo-Keynesian perspective is generally
adopted in the DSGE models.

15.8 The Stylized Version of the Macroeconometric Model
Structure in the Last Twenty Years

The above changes can by summarized by presenting an alternative schema of the
stylized structure of the demand-determined macromodels. The presentation will
concentrate on the specification of the long-term equations.6

The national accounts identity:

Xt = Ct + Jt + Gt + �Rt + Et − Mt (15.23)

The equations of the demand sector:

• Consumer demand

Ct = c(Ht ,Vt , rt ) (15.24)

6An analogous schema for the early 1990s can be found in Whitley (1994, p. 51).
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• Investment demand

Jt = j
(
Xt, rt ,wt/p

s
t

)
(15.25)

• Inventory increase

�Rt = r(Xt ,WXt ) (15.26)

• Imports

Mt = m
(
Xt,WXt , pt /etp

w
t

)
(15.27)

• Exports

Et = e
(
WT t ,WXt , pt/etp

w
t

)
(15.28)

Consumption depends on expected income Ht , personal wealth Vt and interest
rate rt . Investment depends on GDP, user costs represented by interest rate (r) and
the ratio between prices of production factors (wages and fixed capital deflators). An
inventory increase is dependent on GDP and the rate of capacity utilization (WXt ).
In the foreign trade equations, the rate of capacity utilization adjusts the volumes of
exports and imports in addition to relative prices.

The equations of the supply sector are as follows:
The equations explaining the demand for production factors are not significantly

different from those discussed earlier (see (15.12) for employment). The other equa-
tions are:

• Real average wages

wt/pt = w(ut ,πt , txt ) (15.29)

• Producer prices

p = p
(
WXt ,wt/πt , ep

w
)

(15.30)

• Exchange rate

e = e
(
ee, rt /rw

t , γ
)

(15.31)

where

ee is expected exchange rate,
πt = Xt/Nt is labour productivity,
ut is unemployment rate,
txt is tax rate,
rw
t is foreign interest rate,

γt is risk premium.

Real average wages depend on the rate of unemployment, labour productivity
and tax rates. Producer prices derive from labour costs, import prices and the rate of
capacity utilization. The exchange rate is determined by its expected value, the ratio
of interest rates and the risk premium. The money-demand equation has a similar
specification as in (15.16).



300 15 Macroeconometric Models—The Classification

Let us note that in the short-run dynamic adjustments follow with certain lags,
which justifies the introduction of lagged endogenous variables into the short-term
equations. Expectations can be introduced in a similar manner.

The above stylized system of equations can be easily transformed into a struc-
ture where the point of departure is the criterion of the kind of economic agent.
This structure will distinguish households, enterprises, public institutions and for-
eign agents. This is important, because the structure will be used in the following
chapters of this book.

15.9 An Outline of Estimation Methods and Computational
Techniques

The changes in the economic orientation and the structure of macromodels were
associated with the changes in the model parameter estimation methods, precipi-
tated by the computer revolution which abolished barriers limiting the numbers of
equations and, more importantly, enabled the use of advanced numerical techniques.
The development of iterative procedures used to solve large nonlinear systems (the
Gauss-Seidel, Newton techniques) removed the necessity to linearize the equation
systems and to transform them into quasi-recursive. These and the next comments
are very introductory, as the descriptions of the estimation methods can be found in
comprehensive monographs on the theory of econometrics (Hendry 1995; W. Welfe
2009).

The concepts and methods known as the Cowles Commission methods domi-
nated in the mainstream models for many years. In constructing the macroeconomet-
ric simultaneous models particular structural equations had to be specified follow-
ing the economic theory postulates. Variables whose introduction was theoretically
unjustified were eliminated by imposing zero restrictions on the appropriate param-
eters. A broad spectrum of estimation methods was developed to ensure the consis-
tency of parameter estimators in this class of simultaneous equations models. The
methods were the two-stage (TSLS), three-stage (3SLS) least squares, maximum
likelihood (ML), limited information likelihood (LIML), and instrumental variables
method (IIV), as well as other special mutations of the procedures. They were ini-
tially used to estimate the parameters of the small models, but with the high-power
computers becoming available they were also applied to estimate the parameters of
the large-scale macromodels. The results of many empirical investigations showed,
however, that parameter estimators obtained from the ordinary least squares (OLS)
usually showed only a negligible bias. Because of that, the OLS remained the major
parameter estimation technique for the equations of the macroeconometric simulta-
neous equations models.

In the last years estimation methods have been developed to address new needs
in economic modelling. The relevant examples are the rational expectations mod-
els (Fair and Taylor 1983), on the one hand, and the disequilibrium models with
unobservable variables (representing demand and supply), on the other. They were
characterised in a monograph by Quandt (1988).
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The procedures following the Cowles Commission principles were challenged
by Sims (1980). He opposed the constructors of the models, claiming that the struc-
tural equations were specified in a way that could be precarious, because the zero
restrictions were chosen arbitrarily. This critique led to the development of the vec-
tor autoregression (VAR) technique. In its initial version all model’s variables were
made dependent on all variables, but with lags. This eliminated the simultaneity
of the variables, because the jointly interdependent model was transformed to its
reduced form.

The equations of the above models did not have the economic interpretation, so
the models were mainly used in forecasting. They were generalized, though, by im-
posing appropriate parameter restrictions, which ensured the possibility of returning
to structural equations (SVAR). This approach was mainly adopted in sectoral anal-
yses, for instance those dealing with inflationary processes (Staszewska-Bystrova
2009).

The last decade witnessed the development of investigations attempting to link
the models with the cointegration analysis. Because of technical problems the in-
vestigations had to be limited to small systems containing several equations only.
Hence they dealt with small segments of national economies, such as inflation pro-
cesses in Norway and Poland or the UK money markets, in hope of returning to the
idea of recursive segmentation of the macromodels.

An alternative to the traditional procedures was estimation methods built on the
results of the time series analysis. The empirical investigations show that most eco-
nomic time series are nonstationary (mainly I (1)) and that the use of the levels
of variables in the regression analysis may lead to spurious regressions. Engle and
Granger (1987) proposed a solution to this problem. It became the theoretical un-
derpinning of the broadly use of the error correction models (ECM). The two-stage
procedure they put forward first uses the OLS to estimate the parameters of the long-
term static equations (the parameter values are frequently calibrated) and then the
ECM is applied to the first differences of the variables (or their logs) in the equations
representing the short-run adjustments. The ECM is applied together with lags and
leads representing the respective expectations. The above techniques found a broad
application in estimating the parameters of particularly the large macroeconometric
models.

It must be finally mentioned that the Bayesian estimation methods associated
with the development of the DSGE models started to be used.
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Chapter 16
Modelling the Behaviour of Households

This chapter describes submodels explaining household behaviour that can be found
in macroeconometric models. The submodels contain not only the consumption
functions, but also investment demand functions concerning apartments and resi-
dential buildings (sometimes also consumer durables) and labour force supply func-
tions. The modelling of households’ financial assets will be postponed until the
chapter on the modelling of financial flows.

16.1 The Consumer Demand Function

Consumption functions in the early macromodels explained the global household
consumption Ct (frequently called individual or private consumption), sometimes
consumption per capita (Ct/Lt ), where Lt stood for the number of inhabitants.
The global consumption was mostly identified with total real consumer expendi-
tures, notwithstanding the fact that the value of the flows of services of consumer
goods would be equal to the expenditures only in case of non-durables and services.
The use of durables, especially of dwellings, was estimated in a few models only.
Several other models omitted durables (Fernandez-Corugedo et al. 2007). Total
consumption (expenditures) was frequently decomposed into durables (cars), non-
durables and services. Numerous commodity groups were distinguished only in the
multisectoral models, especially in those making use of the input-output blocks of
equations—one of them was the Cambridge model of the UK (Stone 1954; Suchecki
2006).

The above functions had a Keynesian origin. The major explanatory variable
was the real disposable income Yt after tax or its value per capita (Yt/Lt ). To take
account of the competitive role of savings, the real interest rate Rt (either short-
or long-term) was introduced as an additional explanatory variable. This can be
represented with the following equation:

lnC∗
t = α0 + α1 lnYt + α2(1 + Rt) + ξt (16.1)
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Different categories of household income were initially distinguished, for in-
stance labour income, farmers’ incomes, entrepreneurs’ profits, and capital gains,
which were assigned specific propensities to consume. The later models abandoned
income decomposition, because the income distribution differences became less
pronounced and the distribution of income stabilized. In a larger number of cases
real net credits were being added to real incomes to allow for the increasing avail-
ability of this additional source of purchasing funds. The above specification rep-
resents the long-run consumer demand function. Hence, it was frequently assumed
that consumption elasticity with respect to the real disposable income could be cali-
brated at a level equal one (α1 = 1), which expressed the conviction that the savings
ratio would stabilize in the long-run.

In the multisectoral models the consumer goods prices (indices, deflators for
commodity groups) were introduced as explanatory variables. If the number of com-
modity groups was small, then the relative prices were used, i.e. the ratios between
particular price indices and the general price index. If the number of commod-
ity groups was large, then special “complete” models were used, beginning with
R. Stone’s linear expenditure system (LES), which was applied to the Cambridge
model of the UK. A more recent example of a large multisectoral model is the DRI-
WEFA model of the US economy containing 11 categories of durables, 9 groups of
non-durables and 17 groups of services (DRI-WEFA 2002).

The inertia in households’ behavioural responses to the impacts of changes in real
incomes were observed relatively early. As proposed by the Canadian econometri-
cian T.M. Brown, this habit persistence could be represented using lagged consump-
tion Ct−1 (Brown 1952). The modification is expressed by the following equation:

lnC∗
t = α0 + γ lnCt−1 + α1 lnYt + α2(1 + Rt) + ξt (16.2)

Assuming that Ct = Ct−1, the long-term elasticities can be calculated. The elas-
ticity with respect to Yt is given by α1

1−γ
.

For the sake of illustration, let us refer to the results obtained for Poland (based
on the 1960–1998 sample): the estimate of the autoregression coefficient was γ =
0.53, whereas the short-run elasticity with respect to real disposable income was
α1 = 0.40 and the long-term elasticity equalled 0.85 (Welfe 2001, p. 61).

The estimates for the industrialized countries were obtained, e.g. in the mul-
ticountry model MIMOSA, using a slightly shorter sample. The estimates of the
parameter γ were within the range of 0.3–0.6, whereas the long-run elasticities with
respect to real personal incomes per capita ranged from 0.85 to 1.02 (MIMOSA
Modelling Group 1990, p. 10).

The habit formation coefficients which were calculated in the later studies in the
21st c. produced higher results, ranging from 0.6 to 0.8 for the UK, US and the
EURO Area (Harrison et al. 2005, pp. 109–110, in BEQM model).

It is worth mentioning that the hypothesis postulating that demand depends on the
real interest rate turned out to be non-satisfactory. The parameter estimates took non-
acceptable positive values. As a result, many model builders assumed that consumer
decisions were affected by money illusion and nominal interest rates were used
instead (cf. Fair 2004). Sometimes the α2 parameter values were calibrated or the
interest rate was omitted.
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Table 16.1 Household consumption elasticities

Country W.r.t. real disposable income W.r.t. real interest rates

Short-term Long-term Impulse multipliers Sustained multiplier

Canada 0.58 1.0 −0.13 −0.57

France 0.73 1.0 −0.23

Germany 0.78 1.0 −0.23 −0.76

Italy 0.10 1.0 −0.05 −2.4

Japan 0.62 1.0 −0.23 −1.5

United Kingdom 0.28 1.0 −0.19 −0.65

Source: FRB Global (Levin et al. 1997, p. 7)

In the 1990s the long-term and short-term demand functions started to be dis-
tinguished by the model builders. The short-term equations were dynamic and the
ECM were used. The point of departure was the static long-term equation (16.1).
The standard form of the short-term equation is:

� lnCt = α0 + β1
(
lnCt−1 − lnC∗

t−1

) + β2� lnYt + β3�(1 + Rt) + ξt (16.3)

As an illustration, the results obtained with the multicountry model FRB Global
(Levin et al. 1997) will be shown. In the model the long-term elasticity with respect
to real income was calibrated at a level equal to one. The real long-term expected
interest rate was included, as well as a variable representing labour activity.

A special property of the above equations that macromodels used for many years
was that consumer demand depended on the current real disposable income only,
which means that households were liquidity constrained. In the 1980s, after the
failures in forecasting UK consumption, attention was directed to the previously ig-
nored impact of the real personal wealth of households Wc, modifying household
behaviour. Hendry and von Ungern-Sternberg (1981) introduced financial wealth
WLt , and in the mid-80s the appropriateness of adding physical wealth WNt (hous-
ing wealth) as an additional variable was recognized. In the case of countries (or
periods) where the appropriate information was not available, the inflation rate was
employed as a symptomatic variable. This happened in the early UK models, in the
INTERLINK model (OECD 1993), the MIMOSA models and, more recently, also
in the MESANGE model for France (Allard-Prigent et al. 2001). As well as being
a major source of real changes in the value of personal wealth, this variable also
ensured the transmission of financial sector shocks to the real sector.

It was argued that with the introduction of personal wealth as an additional ex-
planatory variable competitive to real personal income, the homogeneity restriction
should be imposed. The sum of consumption elasticities with respect to real dis-
posable income and real personal wealth should be one. The following long-term
equation meets the homogeneity restriction:

lnC∗
t = α0 + α1 lnYt + (1 − α1) lnWt + α2(1 + Rt) + ξt (16.4)

This function is still used in many macroeconometric models. For the sake of
illustration, let us present the estimates of the long-run elasticities obtained for
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Table 16.2 Long-term elasticities of personal consumption w.r.t. the Y, W, and R variables

Country EUROMON NIGEM

Y W R Y W R

France 0.87 0.13 −0.004b 0.86 0.14 −2.89b

Germany 0.88 0.12 −0.004b 0.80 0.20

Italy 0.88 0.12 −0.002a 0.80 0.20 −0.002a

Spain 0.93 0.07 −0.002a 0.91 0.09

United Kingdom 0.85 0.15 −0.003a 0.84 0.16 −0.007a

Source: de Bondt et al. (1997)
aShort-term
bLong-term

the models EUROMON (de Bondt et al. 1997) and NIGEM (NIGEM 2002) (Ta-
ble 16.2).

It must be noted that the above estimates of elasticities with respect to interest
rates are not comparable with the estimates shown for the GLOBAL model.

Since Davidson et al. (1978), the parameters of the dynamic, short-run equations
have been typically estimated using the error correction model (ECM). It has been
so, because the variables in (16.4) are usually non-stationary, but their first differ-
ences are mostly stationary. This supposition is subject to testing.

This yields a conventional short-term equation, where a one-period lag is as-
sumed (one quarter in the quarterly models):

� lnCt = β0 + β1
(
Ct−1 − C∗

t−1

) + β2� lnYt + (1 − β2)� lnWt

+ β3�(1 + Rt) + ξt (16.5)

where C∗ is the long-term consumer demand function as in (16.4).
Table 16.3 presents parameter estimates of the consumer demand function for de-

veloping countries. The estimates were obtained using the Bank-Gem model of the
World Bank. It is noteworthy that the homogeneity assumption was not introduced.

Further dynamization of the consumer demand function implied the introduc-
tion of expectations of explanatory variables, including rational expectations. This
particularly applied to the UK models, but also to the US economy models built at
the FRB. Let us present a simple specification of the short-term equation used in
the NIGEM model as an example (NIGEM 2002). To the equation being a muta-
tion of (16.5) the expected consumption with one period lead was introduced as an
additional explanatory variable:

� lnCt = λ
[
lnCt−1 − α lnYt−1 − (1 − α) lnWt−1

] + δ� lnCt+1 + εt (16.6)

where δ is the time preference rate.
In this forward looking equation, the parameter was calibrated at a level δ =

0.97. The following estimates of the elasticities α were obtained: 0.83 for France,
Germany and Italy, and 0.86 for the United Kingdom (Barrell et al. 2004).
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Table 16.3 Parameter estimates of the consumption function for developing countries

Country
groups

Long-term with respect to Short-term w.r.t. real
disposable income

Error correction
coefficientPersonal wealth Real disposable

income

Group 1 0.16 0.88 0.49 −0.24

(4.9) (27.9) (8.9) (4.0)

Group 2 0.16 0.70 0.32 −0.19

(8.1) (28.8) (7.4) (6.0)

Group 3 0.13 0.66 0.35 −0.15

(3.7) (16.6) (8.2) (3.5)

Group 4 0.11 0.60 0.36 −0.31

(3.4) (9.3) (7.8) (3.6)

Group 5 0.04 0.85 0.51 −0.41

(1.7) (70.1) (12.6) (8.7)

Group 6 0.07 0.76 0.38 −0.30

(7.6) (46.9) (18.0) (8.9)

Note: t-Student’s statistics are given in the brackets

Source: Petersen et al. (1991, p. 37)

Group 1: countries of middle incomes, demand constrained, no major debt overhang, strong insti-
tutions, less open

Group 2: countries of middle income, demand constrained, no major debt overhang, strong institu-
tions, more open

Group 3: countries of middle income, supply constrained, indebted, strong institutions, more open

Group 4: countries of middle income, supply constrained, indebted, strong institutions, less open

Group 5: countries of middle income, supply constrained, indebted, weak institutions, less open

Group 6: countries of low income, supply constrained, indebted, weak institutions, less open

In the models covering several countries additional explanatory variables were
added, i.e. an unemployment rate whose increase would postpone current consump-
tion (the models of Belgium and Lithuania), the level of professional activity or even
the output gap (GLOBAL-FRB for USA).

The consumer demand functions that have been characterized so far were impor-
tant components of macroeconometric models describing market economies where
the consumer demand was met. Market clearing was ensured by market mecha-
nisms. However, in the consumer goods markets of many countries, including cen-
trally planned economies (CPE), temporary or chronic deficits were observed. In
other words, an unobservable excess demand CEt appeared:

CEt = CDt − CSt > 0 (16.7)

where CDt is consumer demand, CSt is supply of consumer goods.
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In these circumstances the specification of the consumer demand function had to
be modified.1 The most important modifications included the extension of the notion
of consumer demand by adding postponed demand (transferred from the previous
periods), its modification related to forced substitution and the extension of dispos-
able income to take account of forced savings (the inflationary gap). The observable
disequilibrium indicators were proposed, their functions representing the unobserv-
able excess demand. Their introduction as an additional explanatory variable al-
lowed estimating the parameters of the equation explaining observed consumption
and thus consumer demand. We have:

CDt = CSt + CEt = Ct + f (INt ) (16.8)

where INt is the disequilibrium indicator, and Ct = CDt − f (IN t ).
In the early period of CPEs’ transition towards market economies, deficits in

consumer goods were still found in several countries. This caused that the model
builders started to look for special disequilibria indicators. For instance, in the
model of the Russian Federation the role was given to the output gap characteristics
(the wage payment lags were additionally introduced into this equation) (Basdevant
2000).

In the 1980s the specification of the consumer demand functions was substan-
tially changed in many market economy models, following the principles of the
neoclassical theory of consumer behaviour. Friedman (1957) formulated the per-
manent income hypothesis on the assumption that unobservable permanent income
was an adequate determinant of consumption (Yaari 1965). Modigliani (1957, 1966)
proposed the life-cycle hypothesis of savings, referring to the results of the previ-
ously conducted utility analysis (Modigliani and Brumberg 1954; cf. also Ando and
Modigliani 1963 and Modigliani 1975).

The permanent income hypothesis assumes that consumption can be split into
permanent consumption dependent on permanent income and transitory consump-
tion related to transitory income composed of irregular and incidental elements. The
permanent income which is an unobservable variable can be approximated—as sug-
gested by Muellbauer and Luttimore (1995)—using a weighted average of the real
disposable income and personal wealth. As a matter of fact, this would mean a return
to the initial specification (16.4).

The life-cycle hypothesis based on the concept formulated by Blanchard (1985)
found a more general application. It utilizes a model of overlapping generations
where consumers are assumed to optimize consumption over their lifetimes, given
a fixed time horizon (consistent with the predetermined probability of death). This
model refers to rational behaviour of households. Let us mention that Hall (1978)
earlier formulated the hypothesis of intertemporal optimization, yielding the Euler
equation.

However, following the Campbell and Mankiw study (1991), it had to be rec-
ognized that a certain proportion of households is liquidity (credit) constrained, so

1Most comprehensive description of the modifications can be found in Welfe (1991) and Welfe and
Welfe (2004).
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they take their decisions based on their current real disposable incomes. The average
shares of such households were estimated at 44 % in the MULTIMOD model and
at 30 % in the QUEST model, with particular countries being considerably different
in this respect. The FRB/US model estimated their share in the USA at only 10 %.

In the theory, a rational household (consumer) is assumed to maximize its dis-
counted utility over the life cycle, given its predetermined life expectancy. Aggre-
gation leads to the following long-run consumption function, where consumption is
related to real wealth Wt :

CW
t = αWt (16.9)

where Wt = Vt−1 + Ht , and Ht is the present expected human real wealth and Vt is
the real financial wealth.2

The expected human real wealth can be calculated from the equation:

Ht =
∫ α

t=0
(Yt )e

−(r+λ+n)t dt (16.10)

where

r is real interest rate,
λ is the probability of death,
n is the rate of population growth,
Yy is the real net labour income.

This equation can be approximated as follows:

Ht =
α∑

i−0

(
1 − λ

1 − r

)
Yt (16.11)

The assumed discount rate was rather high. In the FRB/US model it was 25 %
annually.

The real financial wealth gained a broad meaning. It should include the market
value of enterprises, government debt and net foreign assets. Following Masson
et al. (1990), its use is justified by the assumption that the household sector has
full control over domestic financial assets. Several authors treat these components
separately, looking for different marginal propensities to consume.

The parameter α which represents the long-run marginal propensity to consume
can be treated as a function of relative risk aversion, of the rate of time preference δ

depending on the intertemporal elasticity of substitution, of the real interest rate and
of the probability of death:

α = 1 − (1 − λ)(1 − δ)(1 − r) + · · · (16.12)

The equation that should be estimated is obtained by adding the component de-
termined by expected wealth and the component related to the liquidity-constrained
households, dependent on the current real disposable income:

Ct = CW
t + f (Yt ) (16.13)

2Several authors look at the impact of the consumption-total wealth ratio, i.e. of α, on the expected
stock returns (cf. Lettau and Ludvigson 2001, and Zachłod-Jelec 2010).
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In practice, the double-log approximation is most frequently used and a distinc-
tion is drawn between real human and financial wealth:

lnCt = α0 + α1 lnHt + (1 − α1) lnVt + α2 lnYt + ξt (16.13a)

In the applications it was generally assumed that λ = 0.02, which is equivalent
to assuming life expectancy of 50 years. The time preference rate was assumed to
be 0.009 on average (from 0.005 in Japan to 0.01 in the US, following the QUEST
model). The elasticity range of intertemporal substitution was wide, from low 0.2
for the UK to 0.35 for the US as reported in the description of the BEQM model
(Harrison et al. 2005, p. 109) and 0.6 for the US according to Smets and Wouters
(2003).

Although the calculation of financial wealth is quite complicated, the above
concepts were used to construct the consumption functions for many multicountry
models, such as MULTIMOD or QUEST, the country models in Belgium, Finland
(BOF 5), Spain and also for the recently built DSGE models.

16.2 Equations Explaining Household Investment Demand

Investment expenditures of households are commonly understood as amounts spent
to purchase or construct apartments and dwelling houses. Only rarely does the no-
tion include expenditures on durables, mainly because of data scarcity. It is usually
assumed that real investment expenditures on dwelling construction (JBDt ) depend
on real disposable income and the interest rates charged on long-term credits. Hence,
the standard form of the long-term equation is:

ln JBDt = α0 + α1 lnYt + α2(1 + Rt) + ξt (16.14)

where Rr is the interest rate.
It is frequently assumed that the share of investment expenditures stabilizes in

the long-run, hence the elasticity α1 is calibrated at a level of 1 (for instance in the
model MESANGE).

The above specification can be regarded as insufficient, because it fails to in-
clude the impacts of the relative prices of investment goods (PJt /PCt ) and ignores
replacement demand driven by the aging of dwellings. Fair (2004) suggested in-
troducing the difference between the depreciation of houses and lagged investment
expenditures as an additional explanatory variable. We obtain then:

ln JBDt = α0 + α1 lnYt + α2(1 + Rt) + α3 ln(PJt /PCt )

+ α4(δKHt − JBD−1) + ξt (16.15)

where

KHt is the stock of dwellings at period end,
δ is the depreciation rate.



16.3 Equations Explaining Labour Force Supply 311

Particular models, for instance in MIMOSA, explain the ratio of investment to
dwelling stock (JBDt /KHt ), allowing for changes in real disposable income and rel-
ative prices. To address cyclical fluctuations, the unemployment rate changes were
introduced. MIMOSA produced the following estimates of the long-term elastic-
ities: 0.6–0.9 w.r.t. real disposable income, −0.3, −0.7 w.r.t. relative prices and
between −0.3 and −1.8 w.r.t. interest rate.

Investment expenditures in the multisectoral models are disaggregated and the
above subsector is extended to include equations explaining the investment process,
such as the number of buildings in process of construction, the duration of construc-
tion activities, etc.

16.3 Equations Explaining Labour Force Supply

The labour force supply functions were specified already in the early macroecono-
metric models. A direct explanation of the global labour force supply was only
rarely provided—most frequently the labour activity coefficients were used as the
explained variables. The labour activity (AKt ) coefficient is defined as a ratio be-
tween labour force supply (NSt ) and population size (Lt ):

AKt = NSt /Lt (16.16)

Therefore, the estimates of labour force supply were obtained in the macromodels
from multiplying the estimated coefficients of labour activity by the population size
estimate, using mainly the results of demographic forecasts.

In the multisectoral models, the coefficients of labour activity were disaggregated
allowing for gender and age.

Let us mention that the underlying data on labour force supply were not very
accurate. The supply was estimated by adding up the working-age population and
the number of the registered unemployed. Doubts have been raised more recently,
whether the total number of unemployed workers should be added or only their
number representing the natural rate of unemployment.

Beginning with the early macroeconometric models, for example the Wharton
quarterly model, labour activity started to be viewed as a variable strongly influ-
enced by cyclical fluctuations. As a result, lagged unemployment rates were intro-
duced as explanatory variables. Their impact accounted for job-seekers’ inclination
to give up job searches when the unemployment rate was growing (the discouraged
worker hypothesis). Their significance was highly diversified, inducing weak reac-
tions in France and Italy and strong responses in Japan (MIMOSA 1990).

More recently, economic conditions causing changes in labour activity and
labour force supply were deduced from the maximization of the household utility
function, the time offered to potential entrepreneurs being treated as an alternative
to consumption. Solving this optimization problem yields the labour force supply
function, where the supply (after converting the hours worked into the number of
workers) depends on real wages. This specification prevails in the recently built
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models, including the RSGE models. It is commonly believed that a real wage in-
crease has a positive impact—the prospects of having higher incomes are likely to
induce the non-employed persons to seek jobs. However, an alternative interpreta-
tion is also possible—an increase in employed persons’ real wages may encourage
their family members to withdraw from the labour force.

Taking into account both these factors, the equation explaining labour activity
will have the following form:

AKt = f (AKt−1,Zt ,Ut ,Ut−1 . . .) (16.17)

where Zt is the real wage, Ut is additional variable.
An approximately similar specification can be found in the models by Fair (2004)

and Coen and Hickman (2006). They differentiate the labour activity coefficients by
gender and age.

In several macromodels the social, institutional determinants of labour force sup-
ply were addressed. The determinants include requirements regulating workers’
rights to retirement, maternal leaves, etc. They change stepwise, so their impacts
are most frequently represented by introducing respective dummies.

On the other hand, the role of the non-wage income sources is emphasized. An in-
crease in personal wealth, equivalent to being better-off, may make a family member
resign from a job (Wt); this option was introduced into the Fair model (Fair 2004).
An increase in social contributions can also be observed. Unemployment benefits
growing vis-à-vis the minimum wage may discourage job searches. To allow for
these impacts, an additional variable, YBGt /YPt , was introduced into the W-models
for Poland, where YBG represents social contributions, including unemployment
benefits, and YP stands for personal disposable income. The elasticities were close
to −0.1 (Welfe 2009).

References

Allard-Prigent, C., Auderis, C., Berger, K., Carrot, N., Duchene, S., & Presin, F. (2001). Presén-
tation du modéle MÉSANGE, modéle economiétrique de simulation et d’analyse générale de
l’economic (Document de travail). Paris: Ministére de l’Économic, Direction de la Prevision.

Ando, A., & Modigliani, F. (1963). The life cycle hypothesis of saving: aggregate implications and
tests. American Economic Review, 53, 55.

Barrell, R., Becker, B., Byrne, J., Gottschalk, S., Hurst, I., & van Welsan, D. (2004). Macroeco-
nomic policy in Europe, experiments with monetary response and fiscal analyses. Economic
Modelling, 21, 877–931.

Basdevant, O. (2000). An econometric model of the Russian Federation. Economic Modelling, 17,
305–336.

Blanchard, O. (1985). Debt, deficits and finite horizons. Journal of Political Economy, 93, 223–
247.

Brown, T. M. (1952). Habit persistence and lags in consumer behaviour. Econometrica, 20, 355–
371.

Campbell, J. Y., & Mankiw, N. G. (1991). The response of consumption to income, a cross country
investigation. European Economic Review, 35, 723–767.

Coen, R. M., & Hickman, B. G. (2006). An econometric model of potential output, productivity
growth, and resource utilization. Journal of Macroeconomics, 28, 645–664.



References 313

Davidson, J. E. H., Hendry, D. H., Srba, E., & Yeo, S. (1978). Econometric modelling of the
aggregate time-series relationship between consumers. Expenditures and income in the United
Kingdom. Economic Journal, 89, 661–692.

de Bondt, G. J., van Els, P. J. A., & Studeman, A. C. J. (1997). EUROMON: a macroeconometric
multicountry model for the EU (DNB Staff Reports No. 17). Amsterdam: De Nederlandsche
Bank.

Fair, R. C. (2004). Estimating how the macroeconomy works. Cambridge: Harvard University
Press.

Fernandez-Corugedo, E., Price, S., & Blake, A. P. (2007). The dynamics of aggregate UK con-
sumers’ non-durable expenditure. Economic Modelling, 24, 453–469.

Friedman, M. (1957). A theory of the consumption function. Princeton: Princeton University Press.
Global Insight Co. (2002). DRI-WEFA’s macroeconometric models. http://www.iccfglobal.org/

pdf.
Hall, R. E. (1978). Stochastic implications of the cycle permanent income hypothesis: theory and

evidence. Journal of Political Economy, 86, 971–987.
Harrison, R., Nikolov, K., Quinn, M., Ramsay, G., Scott, A., & Thomas, R. (2005). The Bank of

England quarterly model. London: Bank of England.
Hendry, D. H., & von Ungern-Sternberg, T. (1981). Liquidity and inflations effects in consumers’

expenditures. In A. S. Deaton (Ed.), Essays in the theory and measurement of consumer be-
haviour. Cambridge: Cambridge University Press.

Lettau, M., & Ludvigson, S. (2001). Consumption, aggregate wealth and expected stock returns.
The Journal of Finance, 16, 815–849.

Levin, A. T., Rogers, J. H., & Tryon, R. W. (1997). A guide to FRB/Global (Mimeo, International
Finance Discussion Papers No. 588). Washington: FRS.

Masson, P., Symansky, S. A., & Meredith, G. (1990). MULTIMOD MARK II: a revised and ex-
tended model (IMF Occasional Paper No. 71). Washington: IMF.

MIMOSA Modelling Group (1990). MIMOSA, a model of the world economy (OFCE Working
Paper No. 90-02). Paris.

Modigliani, F. (1966). The life cycle hypothesis of saving, the demand for wealth and the supply
of capital. Social Research, 33, 160–217.

Modigliani, F. (1975). The life cycle hypothesis of saving, twenty years later. In M. Parkin & A. R.
Nobay (Eds.), Contemporary issues in economics. Manchester: Manchester University Press.

Modigliani, F., & Ando, A. (1957). Test of the life cycle hypothesis of saving. Bulletin Oxford
University Institute of Statistics, 19, 99–124.

Modigliani, F., & Brumberg, R. H. (1954). Utility analysis and the consumption function: an in-
terpretation of cross-section data. In K. K. Kurihara (Ed.), Post Keynesian economics (pp. 388–
436). New Brunswick: Rutgers University Press.

Muellbauer, J., & Luttimore, R. (1995). The consumption function: a theoretical and empirical
overview. In M. H. Pesaran & M. Wickens (Eds.), Blackwell Handbook of Economics (pp. 221–
311). Oxford: Blackwell.

NIGEM (2002). The world model manual. London: NIESR.
OECD (1993). The OECD INTERLINK system (Mimeo).
Petersen, C. E., Pedersen, K. N., Riordan, E. J., Lynn, R. A., & Bradley, T. (1991). BANK-GEM:

a World Bank global economic model (Mimeo). Washington: The World Bank. SECAP.
Smets, F., & Wouters, R. (2003). An estimated dynamic stochastic general equilibrium model of

the Euro area. Journal of the European Economic Association, 1, 1123–1175.
Stone, J. R. N. (1954). Linear expenditure system and demand analysis: an application to the

pattern of British demand. Economic Journal, 64, 511–527.
Suchecki, B. (2006). Kompletne modele popytu (Demand systems). Warszawa: PWE.
Welfe, A. (1991). Modelowanie nierównowagi (Disequilibria modelling). Przegląd Statystyczny,
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economic growth). Łódź: Wydawnictwo Uniwersytetu Łódzkiego.



314 16 Modelling the Behaviour of Households

Welfe, W. (2009). Makroekonometryczny model gospodarki opartej na wiedzy (Macroeconometric
model of a knowledge-based economy). Acta UŁ, Folia oeconomica, 229. Łódź: Wydawnictwo
Uniwersytetu Łódzkiego.

Welfe, W., & Welfe, A. (2004). Ekonometria stosowana (Applied econometrics). Warszawa: PWE.
Yaari, M. E. (1965). Uncertain lifetime, life insurance, and the theory of the consumer. Review of

Economic Studies, 32, 137–150.
Zachłod-Jelec, M. (2010). Interrelations between consumption and wealth in Poland. Central Eu-

ropean Journal of Economic Modelling and Econometrics, 2, 37–57.



Chapter 17
The Models of the Enterprise Sector

17.1 Introduction

The modelling of the enterprise sector has a long tradition and a rich literature. Let
us begin by describing the modelling process as applied in the demand-determined
models. It will be assumed that enterprises function in the commodity and labour
markets under imperfect competition. They assume that the expected demand for
their products is predetermined and take into account the external conditions of their
activities, including the availability of labour force, credits, the competitiveness of
the surrounding firms, etc. (Welfe 2000).

In the one-sectoral models the macro-scale demand for firms’ commodities and
services will be obtained from a well-known accounting identity (all variables in
constant prices):

Xt = Ct + Gt + Jt + �Rt + (Et − Mt) (17.1)

where:

Xt is GDP,
Ct is personal household consumption,
Gt is real expenditures of public institutions,
Jt is real gross investment expenditures,
�Rt is inventory increase,
Et is exports,
Mt is imports.

In the multisectoral models either bridge equations will be constructed by link-
ing the final demand components with sectoral output through the input-output sub-
models or the submodels’ approximations will be applied. This procedure usually
consists of two steps. In the first step the demand for gross output by industries Qti

is obtained and in the second step the demand for value added (net output) Xti is
determined. Hence, we have (in a matrix notation):

Qt = Γ C
t Ct + Γ G

t Gt + Γ J
t Jt + Γ R

t �Rt + Γ E
t Et − Γ M

t Mt (17.2)
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where Qt,Ct . . . are the vectors of gross output and final demand components, Γ i
t is

the matrix linking the i-th component of final demand with the gross output of
particular industries, and

Xt = AtQt (17.3)

where At is the technical coefficient matrix (the unit use of intermediate commodi-
ties).

The estimates of the elements of the above matrices and of the Γ i vectors can be
obtained every couple of years or, rather infrequently, once a year. Hence, they are
often assumed constant, especially with respect to the quarterly models. Otherwise
they are updated, being either treated as the functions of time or the functions of
relative prices (cf. Welfe and Welfe 2004).

The systems of equations constructed for the enterprise sector will be shown be-
low in some detail, assuming predetermined demand for the sector’s output. The
early approach will be demonstrated first, where the point of departure is the re-
lations in the production process represented by the production functions (Welfe
2001). The appropriate inversion of the production functions opened the way for
constructing functions explaining the demand for production factors: fixed capital
and employment. Then the impact of the neoclassical concepts will be shown. It
will be assumed that the equation systems for the enterprise sector are obtained by
solving the optimization problem under imperfect competition. The equations will
explain output, the demand for the production factors, i.e. fixed capital and invest-
ment, employees and their working time, as well as producer prices and average
wages (Klein et al. 1999; Fair 2004).

17.2 Determination of Output

As it has been emphasized above, macroeconometric models most frequently as-
sume that, according to Eq. (17.1) or (17.2), the demand for domestic production is
met, allowing for the current output of enterprises. An intermediate step in realiz-
ing this demand has been introduced in a few models by analysing the adjustments
in the finished goods inventories. It is assumed that the firms planning their output
take into account, in addition to the expected demand for their products, also the
necessary increase (decrease) in their existing inventories. This is represented by
the following identity:

Xt = St + �Vt

where St is sales (constant prices) determined from (17.1) or (17.2), Vt is inventories
of finished commodities (constant prices).

The level of inventories is most frequently assumed to adjust to the level of sales.
Hence we have:

lnVt = β lnSt + ζt (17.4)

The demand for output can be approximated by the following non-linear equation:
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lnXt = α0 + α1 lnSt + α2� lnVt

= α0 + (α1 + α2β) lnSt − α2 lnVt−1 + ζt (17.5)

The expected sales are adjusted here according to the planned inventory changes.
The above relationships are sometimes extended by an explicit introduction of

output and inventory expectations. Fair (2004) suggested introducing the adaptive
expectations. The expected output will be obtained from the following equation:

lnXt − lnXt−1 = λ
(
lnX∗

t − lnXt−1
) + μt (17.6)

where X∗
t is the expected output determined from (17.5).

The expected volume of inventories V ∗
t is determined from (17.4):

lnV ∗
t = β lnSt

Hence, after substituting, the following equation being a dynamic extension of
(17.5) will be obtained:

lnXt = λα0 + (1 − λ) lnXt−1 + λ(α1 + α2β) lnSt

− λα2 lnVt−1 + (μt + ζt ) (17.6′)
The estimate of β = 1.2 that R. Fair obtained for the model (17.6′) indicated that

inventories grew more than proportionally compared with the growth rate of sales;
λ = 0.68 was showing that the differences between the expected and actual output in
the previous quarter significantly affected the current level of output. An alternative
procedure would involve further dynamization of the above equation and the use of
ECM to estimate the parameters of the short-term equation.

17.3 Equations Explaining the Demand for Production Factors
and the Production Function

In the early macroeconometric models the assumption about output being demand
determined was followed by the supposition that the next step in the modelling of
the production process should involve the derivation of the demand for production
factors, i.e. of the demand for fixed capital, employment and raw materials, and for
other intermediate inputs, including imported commodities (Welfe 2005).

The point of departure was the production functions where the potential output
is related to the inputs of production factors, given the particular technology. If the
functions are inverted, i.e. solved for the particular production factors, the respective
demand functions can be derived. The functions explain the demand for fixed cap-
ital and, indirectly, for its increase (investments), the demand for employment and
working time, and also demand for raw materials, materials and energy (including
imports of intermediate commodities). In the multisectoral models, demand will be
appropriately disaggregated (Welfe 2005).

In the world literature many forms of the production functions have been pro-
posed and discussed (cf. Welfe and Welfe 2004). Our discussion will be confined to
those most frequently used within the macroeconometric models.
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The first to be presented is the Cobb-Douglas production function assuming con-
stant elasticities with respect to the production factors:

Xt = BAtK
α
t N

β
t eεt (17.7)

where:

At is total factor productivity (TFP),
Kt is fixed capital (constant prices),
Nt is employment,
εt is disturbance term,
α > 0 is elasticity with respect to fixed capital,
β > 0 is elasticity with respect to employment,
α + β = ν the homogeneity level; if ν = 1, then no returns to scale.

The second is the constant elasticity of substitution (CES) function:

Xt = γ
[
δK−P

t + (1 − δ)N
−ρ
t

]−v/ρ

where:

γ is efficiency of the production process parameter,
δ is the parameter measuring the intensity of fixed capital impact,
ρ > 0 is the parameter related to the elasticity of substitution, δK,N = 1/(1 + ρ); if

ρ → 1, the function is reduced to (17.7),
ν is homogeneity level indicating returns to scale.

As mentioned, the demand functions for a particular production factor will be
derived from an appropriate inversion of the production function. For the sake of
simplicity, we shall use the Cobb-Douglas production function transformed by tak-
ing logs of both its sides (the small letters indicate the logarithms of the variables):

xt = b + at + αkt + βnt + εt (17.7′)

(a) The demand function for fixed capital has the following form:

kt = c − γ at + γ xt − βγnt − γ εt (17.8)

where γ = 1/α, c = −b/α.
A direct use of this form in the estimation process has a disadvantage, because

a high collinearity between output and employment can be expected. If no returns
to scale are assumed, i.e. α + β = 1, then collinearity can be avoided by making
appropriate transformations of the above function. They lead to the determination
of either the capital/output function (Kt/Xt ) or the capital/labour function (Kt/Nt ).
Taking logs, there will be determined:

(aa) the capital/output function:

kt − xt = c − γ at − βγ (nt − xt ) − γ εt (17.8′)

where the capital-output ratio depends on the labour-output ratio; the reciprocal of
this function represents fixed capital productivity that depends on labour productiv-
ity;
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(ab) the capital/labour function:

kt − nt = c − γ at − γ (nt − xt ) − γ εt (17.8′′)

where the capital-labour ratio increases, if labour productivity shows an increase.
(b) The demand function for employment has the following form:

nt = d − μat + μxt − αμkt − μεt (17.9)

where d = −b/β , μ = 1/β .
The collinearity between output Xt and fixed capital Kt can be avoided by as-

suming that there are no returns to scale. With this assumption, it is possible to de-
termine the equations explaining either the employment-output ratio (Nt/Xt ) or the
employment-fixed capital ratio (Nt/Kt ) that will be used in estimating the number
of jobs:

(ba) The employment/output function has the following form:

nt − xt = d − μat − αμ(kt − xt ) − μεt (17.9′)

The employment-output ratio declines following the increase in the capital-output
ratio and in TFP. The reciprocal of this function defines the labour productivity
function.

(bb) The employment/fixed capital function reads as follows:

nt − kt = d − μat − μ(kt − xt ) − μεt (17.9′′)

The number of jobs grows smaller, if the capital-output ratio and TFP increase.
Inverting the function allows an alternative derivation of the ratio of fixed capital to
employment, relating this ratio to the capital-output ratio.

In the above discussion only the technological properties of the production pro-
cess have been taken into account. However, it was acknowledged already in the
early models that entrepreneurs making decisions about a production process, in-
cluding the generation of the demand for production factors, follow the results of
optimization, i.e. of profit maximization (or cost minimization), under imperfect
competition.

The profit maximization process can be simply shown as:

max
∞∑

t=0

βt (PtXt − WPtNt − RtKt ) (17.10)

assuming that Xt is determined from the production function (17.7) and Pt is pro-
ducer prices, Rt is the price of fixed capital, and WPt is the average nominal wage.

The solution of this optimization problem yields the specifications of the long-
term equations explaining the demand for production factors that additionally ac-
counts for the impacts of prices. The demand function for fixed capital has now the
following form:

k∗
t = c − γ at + γ xt − βγnt − ν(rt − pt ) + εt (17.11)

where the additional explanatory variable is the real price of fixed capital Rt/Pt —its
higher level is associated with lower demand.
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The demand function for employment reads as follows:

n∗
t = d − μat + μxt − αμkt − v(wpt − pt ) + ξt (17.12)

where the additional explanatory variable is the real wage—its increase reduces the
demand for employment.

The above equations constitute the point of departure for specifying the exten-
sions of the demand functions for fixed capital and its increase (investments) and of
the employment demand functions discussed in the next sections.

17.4 The Demand Functions for Fixed Capital and Business
Investment

The enterprises’ demand for fixed capital mostly concerns its global volume, which
is treated as homogeneous. In the multisectoral models, though, it is disaggregated
into the demand for machinery, equipment, buildings and structures (Eisner and
Strotz 1963).

The demand for fixed capital is firstly confronted with its existing stock. The
realization of the demand may initially increase the utilization rate of fixed capital.
However, in most cases this involves the necessity to increase its stock due to new
investments. This process can be approximated by assuming that there are adaptive
adjustments, which lead to the generation of the fixed capital stock at the end of the
period Kt .

Let us define:

Kt − Kt−1 = γ
(
K∗

t − Kt−1
)

(17.13)

Following (17.11), we can write:

K∗
t = CA−γ

t X
γ
t N

βγ
t (Rt/Pt )

−νeεt (17.14)

Hence, the increase in fixed capital will equal:

�Kt = γK∗
t − γKt−1 (17.13′)

On the other hand, the increase in fixed capital can be obtained by taking into
account the supply of investment goods understood as a difference between gross
business investment (installed equipment) It and liquidation (scrapping) of fixed
capital Dt :

�Kt = It − Dt (17.15)

The scrapping rate being generally assumed to be constant is frequently substi-
tuted by the rate of depreciation. We have:

Dt = δKt−1 (17.16)

Hence

�Kt = It − δKt−1 (17.15′)
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Comparing Eqs. (17.13′) and (17.15′) we obtain:

γK∗
t − γKt−1 = I − δKt−1

Solving this equation for gross investment produces gross investment demand as a
function of the demand for fixed capital:

It = γK∗
t + (δ − γ )Kt−1 (17.17)

where K∗
t is determined from Eq. (17.14).

Most important in this chain of relationships is the impact of output being the
essence of the accelerator rule (Chirinko 1992).

Macromodels generally assume that the gross investment is equal to real invest-
ment spending Jt (Jt ≡ It ). However, several country models show differences be-
tween the above investment indicators (this happens if the investment expenditures
are used to finance production in progress). Then additional bridge equations are
introduced:

Jt =
m∑

i−0

ωiIit (17.18)

where 0 < ωi < 1 are the weights.
The specification of the business investment functions in the macroeconometric

models often differs from that described above. This will be presented below in
some more detail.

Many model builders linearize the functions determining the demand for fixed
capital. Then the demand has the following form (cf. i.e. Klein et al. 1999):

K∗
t = β0 + β1Xt + β2(Rt/Pt ) + εt (17.19)

The impact of employment has been omitted, because it is partially captured by the
changes in output Xt , and also the effects of technical progress have been ignored.

Assuming an adaptive adjustment mechanism:

Kt = λK∗
t + (1 − λ)Kt−1

we have

�Kt = λβ0 + λβ1Xt + λβ2(Rt/Pt ) − λKt−1 (17.20)

Using then the identity (17.15)

�Kt = I − δKt−1

and Eqs. (17.20) and (17.15), we derive the equation explaining investment It :

It = λβ0 + λβ1Xt + λβ2(Rt/Pt ) + (δ − λ)Kt−1 (17.21)

The above equation or its logarithmic representation was used in many, mainly
early macroeconometric models. It was usually extended by introducing relevant lag
distributions The lag distributions of output, i.e. of the flexible accelerator, were in-
troduced to allow for lagged deliveries, installation work, etc., and also for investors’
expectations derived from past experiences (Koyck 1954).
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In the 1960s D. Jorgenson generalized the above model by introducing, as an ex-
planatory variable, broadly understood investment user costs KUt to the investment
function, which replaced the interest rate in the function. He also accentuated that
because of the length of the investment process the relevant lag distributions must
be introduced (Jorgenson 1965).

The investment user cost variable was constructed in such a manner as to include
the fiscal components allowing the analysis of the likely fiscal policy impacts. We
have:

KUt = Pjt

Pt

(rt − δ)(1 − mt − zt )/(1 − tt ) (17.22)

where:

Pjt is investment goods prices,
Pt is GDP deflator,
rt is interest rate,
δ is the rate of depreciation,
mt is the tax rate on investment credit,
zt is the tax rate on depreciation,
tt is corporate income tax rate.

Taking into account the lags in the investment process, we obtain:

It =
J∑

J=0

αβj�
(
Xt−j KU−σ

t−j

) + ut (17.23)

where σ is the elasticity of substitution between fixed capital and the other produc-
tion factors and ut is a disturbance term. In applications, it is frequently assumed
that σ = 1.

The ratios of the investment and fixed capital (it −kt−1) are sometimes explained.
They depend on the factors listed above (cf. Dreger and Marcellino 2007).

D. Jorgenson’s neoclassical concept was applied in many macroeconometric
models. Some of them used its simplified versions. In the models (a) the explanatory
variables were treated as separable; (b) the sums of the first differences �Xt were
substituted by a weighted sum of the lagged investment It−1 (using the Koyck’s
transformation) and an increase in the current output �Xt , and (c) to allow for
the irregularity of output increases they were substituted by the output levels Xt .
The user costs were frequently represented by their major components—the interest
rates.

It has been noticed, that this specification does not sufficiently explain the ob-
served large differences between the rates of growth of investment and rates of
growth of the GDP, especially in the peaks and bottoms of the business cycle. They
can be attributed to changes in business expectations of investment risks, repre-
sented by changes in the risk premium (RPt ). Hence, in the majority of the recent
applications the risk premium characteristics were added. Sometimes it is regarded
as a component of the investment user cost. When the above simplifications and
adjustments are taken into account, the investment function becomes:

It = α0 + α1It−1 + α2Xt + α3KUt + α4RPt + εt (17.24)
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Table 17.1 The parameter estimates of the investment demand functions

Countries Elasticity of investment with respect to A relative increase caused by unit change
in the nominal long-term interest rateLagged investment GDP

Short-term Long-term Short-term Long-term

France 0.955 0.021 0.47 −0.0025a −0.056

Germany 0.893 0.088 0.82 −0.0027 −0.021

Italy 0.914 0.051 0.59 −0.0017a −0.020

Japan 0.923 0.045 0.58 −0.0026 −0.034

Germany 0.893 0.088 0.82 −0.0027 −0.021

UK 0.840 0.153 0.96 −0.0042a −0.026

Source: Fair (2004, p. 269)
aVariable lagged by one quarter

In many macroeconometric models the exponential representations frequently pre-
vail. Then we have (small letters stand for the logarithms):

it = α0 + α1it−1 + α2xt + α3kut + α4rpt + ζt (17.24′)

For the sake of illustration, the parameter estimates obtained by R. Fair for the
functions explaining investment demand will be shown (see Table 17.1). The user
costs were represented by the long-term interest rate. The parameters were estimated
using TSLS.

It must be stressed that the estimates of the autoregression coefficients are ex-
tremely high. This fact explains the considerable differences between the estimates
of the short-run and long-run elasticities with respect to GDP; the long-run elastic-
ities are close to 1 only for the United Kingdom. For the other countries they range
from 0.5 to 0.6. This result does not justify the proposals to calibrate this elasticity
at the level equal to one.

The next example refers to the parameter estimates of the investment demand
functions obtained from the multicountry model MEMMOD (see Table 17.2). The
estimates were achieved by means of a common two-stage estimation procedure,
where the second stage was the ECM. The investment user costs were represented
by interest rates. The long-term equation was as follows:

ln I ∗
t = α0 + α1 lnXt + α20.01(Rt/Pt )

and the short-run equation:

� ln It = β1� ln It−1 + β2� lnXt + β30.01�(Rt/Pt ) + β4
(
ln It − ln I ∗

t−1

)

The estimated long-term elasticities with respect to GDP are close to one or are
calibrated at this level (except for Italy); the short-run elasticities range from 0.37 to
0.7 (excluding Germany). The main reason for the differences is the large (0.5–0.7)
autoregression coefficients (defined differently than in the previous example). The
adaptation to the equilibrium level is very slow.
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Table 17.2 The elasticity estimates of the investment demand functions. The 1974–1997 sample

Countries Long-term elasticities w.r.t. Short-term elasticities w.r.t. Estimates of the
error correction
term
β4

GDP
α1

Real interest
rates
α2

Lagged
investment
β1

GDP
β2

Real interest
rates
β3

Canada 1.17 −1.00 0.73 0.45 −0.83 −0.15

(30.2) (10.2) (3.5) (2.5) (3.3)

France 1.00 −0.02 0.67 0.49 −0.20 −0.09

(4.4) (13.3) (5.6) (3.6) (4.0)

Germany 1.30 0.49 1.21 −0.41 −0.10

(26.6) (7.5) (7.0) (3.1) (2.7)

Italy 0.44 −0.55 0.68 0.34 −0.07 −0.20

(14.0) (3.1) (14.6) (4.9) (0.7) (4.4)

Japan 1.0 −1.97 0.67 0.56 −0.10 −0.11

(4.7) (13.1) (5.9) (7.1) (3.5)

UK 1.04 −0.30 0.51 0.73 −0.15 −0.29

(31.5) (7.6) (5.4) (0.6) (4.4)

USA 0.98 0.66 0.66 −0.28 −0.20

(30.0) (13.9) (6.5) (1.8) (4.9)

The values of t-Student statistics are given in the brackets. Source: Macro-Econometric Multi-
Country Model (Deutsche Bundesbank 2000)

In several macroeconometric models the attempts were made to extend the above
specifications by introducing explicitly the capacity utilization rates WXt ; their high
values encourage enterprises to undertake new investment projects. The attempts
date back to the early, quarterly Wharton models using the special Wharton capac-
ity utilization indices (Evans and Klein 1968; cf. also Harrison et al. 2005; Welfe
2009a). In this case we have:

i = α0 + α1it−1 + α2xt + α3kut + α4rpt + α5wxt + ζt (17.24′′)

In the late 1960s it was pointed out that the investment process implies additional
installation costs (changes to equipment, personnel education, etc.). A proposal fol-
lowed that the specification of the investment function be extended by adding the
variable KAt for the installation costs.

According to the proposals put forward by Lucas (1967) and Treadway (1969),
it was assumed that installation costs are a quadratic function of the difference be-
tween the investment-fixed capital ratio and its long-run level:

KAt = χ

2

[
It

Kt−1
− (δ + g)

]2

Kt−1 (17.25)

where:

δ is the rate of depreciation or liquidation,
g is the long-run rate of GDP growth.
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In the simplified version the installation costs only depend on the investment-
fixed capital ratio, a case in point being the QUEST II model (Dramais et al. 1997;
Roeger and in’t Veld 1997).

In several macromodels, especially those distinguishing investment demand for
machinery and equipment, the substitution of labour for fixed capital is taken into
account. To account for the impact of substitution, an additional explanatory vari-
able representing the ratio between average wages (WPt ) and the investment expen-
ditures deflator (PJt ) is introduced. Then we have the following equation, where the
installation costs are ignored:

it = α0 + α1it−1 + α2xt + α3kut + α4rpt + α5wxt

+ α6(wpt − jpt ) + ξt (17.24′′′)

The parameters of the above investment demand function for machinery and equip-
ment were estimated for Poland using the W8 D-2002 model (Welfe 2004). The
following estimates were obtained:

α̂2 = 0.61, α̂3 = −0.26, α̂5 = 0.90, α̂6 = 0.19

all being statistically significant, including the positive impact of substitution.
The second major tendency in modelling investment demand stemmed from the

Q theory developed by J. Tobin (Brainard and Tobin 1968; Tobin 1969). This theory
assumes that enterprises take investment decisions only if the market value of the
enterprise exceeds the replacement costs of its fixed capital. This means that the
decisions depend on the value of the coefficient Q∗ defined as:

Q∗
t = Vt/PJtKt (17.26)

where Vt is the market value of the enterprise.
The above relations are derived from the solution of a dynamic programming

exercise that postulates the maximization of future profits (Chirinko and Fazzari
1988). Assuming the Cobb-Douglas production technology, the presence of instal-
lation costs and the condition (17.15′) defining the dynamics of fixed capital, the
following long-term investment demand function can be obtained:

It =
(

δ + g + Qt − 1

χ

)
Kt−1 (17.27)

where:

δ is the scrapping or depreciation rate,
g is the rate of GDP growth.

In the above formula, the coefficient Qt stands for the relation between the mar-
ket value of a marginal increase in fixed capital and its replacement costs. In appli-
cations, because the value of this indicator is not observable, it is replaced by the
average value of Q∗

t calculated from formula (17.26). Because an investment pro-
cess takes time, the respective lags are introduced. This will be illustrated by the
equation specified in the model MULTIMOD MARK III (1998):
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It

Kt−1
− δ − g = k1Q

∗
t + k2Q

∗
t−1 + εt (17.28)

that provided the following estimates: k1 = 0.033, k2 = 0.048.
The above concept found a restricted use despite its theoretical attractiveness

(e.g. it defines market expectations).
In the early stages of modelling the investment demand, the importance of access

to investment financing sources for taking investment decisions was stressed. Con-
sequently, financial constraints were introduced into the investment demand equa-
tions. The investment financing sources included firms’ own funds (depreciation
and partly profits), borrowed amounts (bank credits), and subsidies. In the mod-
els of developed market economies financial constraints were abandoned, following
the assumption that effective investment demand can be fully met there and that the
financial constraints are well represented by the interest rates on credits.

Notwithstanding, the above explanatory variables were long used in the mod-
els of centrally planned economies and developing countries, where bank credits
were usually rationed. These concepts have somewhat revived in the recent years,
when the asymmetry of information available to banks and the borrowing firms has
been stressed, following the neo-Keynesian theory. In taking investment decisions
banks usually have less information, which makes them suspicious and may lead
to credit rationing. To protect themselves against likely losses, banks tend to seek
better securities. This strengthened the argument to introduce into the investment
demand functions the risk premium. Variables directly representing the availability
of credits are still introduced into the developing—country models.

17.5 The Demand Functions for Employment and Working Time

The demand for employees was specified in macromodels in an alternative way. The
inverted production function was employed, so that the category ‘hours worked’
(Ht ) could be used as an explained variable. This approach was chosen because
hours worked adjusted to output changes faster than employment. It prevailed in
the early macroeconometric quarterly models, for instance in the Wharton models.
However, because of the data availability constraints, the approach was frequently
used only in the manufacturing industry (cf. Evans and Klein 1968). Hence, the
explained variable ‘employment’ (the number of employees Nt ) found broader use.
However, employment changes followed output changes with some delay. They took
place if the entrepreneurs recognized output changes as permanent. The transitory
output changes were mainly followed by changes in the working hours. When out-
put was declining, the entrepreneurs preferred to shorten the working time and to
keep their personnel (labour hoarding), because of the high costs of transitory dis-
missals and of the recruitment of new employees. When output was expanding, their
first decision was to add more overtime hours. To allow for these adjustments, ei-
ther lagged employment was introduced as an additional explanatory variable or an
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adaptive expectation equation was used (Welfe 2004). Then, separate equations ex-
plaining changes in the average number of hours worked by an employee (ht ) had
to be built.

As mentioned, the point of departure for specifying the equations explaining em-
ployment demand is the inverted production functions. Using the Cobb-Douglas
function in the same way as it was used in Sect. 17.2, we obtained the formulas
(17.9) and (17.12); after allowing for the inertia, they take the following form.

The long-run equation explaining the employment demand reads:

lnN∗
t = α0 + α1 lnNt−1 + α2 lnXt + α3 lnAt + εt (17.29)

Frequently α2 = 1; fixed capital was omitted, because it was collinear with output;
it was also assumed that the changes in the fixed capital-output ratio were absorbed
by At , a variable representing total factor productivity.

The short-term equation explaining the employment demand with ECM is as
follows:

� lnNt = β1� lnNt−1 + β2
(
lnNt−1 − lnN∗

t−1

)

+ β3� lnXt + β4� lnAt + β5� ln XW t−1 + εt (17.30)

In the short run, the changes in the capacity utilization rate are important—its
increase makes labour demand grow. For this reason, the variable (XW t ) was intro-
duced into the above equation.

For the sake of illustration, let us present the estimation results that the Bank of
England (Harrison et al. 2005) obtained using the quarterly model of the UK. The
estimates confirm the hypothesis about the adjustments being lagged (β̂1 = 0.65)

and very slow (β̂2 = −0.03); the impact of an increase in the capacity utilization
rate was positive.

More recently, the neoclassical concepts that allow for changes in the employee
retention costs have been applied in the majority of macroeconometric models in
specifying the employment demand functions. Initially, the point of departure was
the maximization of profits, but in the recent years the cost minimization rule is used
in parallel (mainly in the RSGE models), leading to slightly different results.

In the case of profit maximization (see formula (17.10)), the long-term demand
function can be obtained by making use of marginal labour productivity. Assuming
the technology represented by the Cobb-Douglas production function, we have:

∂Xt

∂Nt

= β
Xt

Nt

= WPt

Pt

(17.31)

where WPt is the before-tax nominal wage, β is output elasticity with respect to
employment.

Solving this identity for employment we arrive at the following long-term func-
tion of employment demand:

N∗
t = βXt

Pt

WPt
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Table 17.3 Estimates of the parameters of the employment demand functions. The 1974–1997
sample

Countries Long-term elasticities w.r.t. Short-term elasticities w.r.t. Error
correction
coefficient
β4

GDP
α1

Real wages
α2

GDP
β1

Real wages
β2

Lagged
investment
β3

Canada 0.61 0.23 0.26 0.09 0.59 −0.27

(25.9) (3.6) (8.7) (3.0) (11.7) (2.0)

France 0.19 0.13 0.19 0.13 0.39 −0.95

(8.7) (4.6) (12.6) (6.8) (7.3) (5.9)

Germany 0.52 0.72 0.17 0.24 0.55 −0.29

(10.3) (13.4) (3.1)

Italy 0.21 0.18 0.20 0.13 0.44 −0.24

(3.2) (2.0) (4.7) (2.1) (4.6) (4.1)

Japan 0.30 0.09 0.64 −0.22

(98.0) (5.7) (11.1) (3.9)

Netherlands 0.47 0.12 0.28 0.12 −0.83

(26.4) (5.0) (7.6) (2.7) (7.4)

United
Kingdom

0.40 0.40 0.11 0.08 0.8 −0.10

(13.9) (7.4) (5.7) (27.7) (3.8)

USA 0.82 0.72 0.39 0.24 0.45 −0.21

(47.6) (13.9) (15.2) (6.3) (11.8) (3.8)

The absolute values of t-Student statistics are shown in the brackets. Source: Macro-Econometric
Multi-Country Model (Deutsche Bundesbank 2000)

This result, implying that employment changes are proportional to those in the
output-real wages ratio, is generally regarded as too strong. Hence, it is approxi-
mated by the long-run equation:

lnN∗
t + α0 + α1 lnXt − α2 lnWt + εt (17.32)

where Wt = WPt /Pt is real wages.
In the short-run, using ECM and allowing for inertia and changes in the capacity

utilization rate, we have:

� lnNt = β1� lnXt − β2� lnWt + β3� lnAt + β4�XW t−1

+ β5� lnNt−1 + β6
(
lnNt−1 − lnN∗

t−1

) + εt (17.33)

Several macroeconometric models do not utilize all of the explanatory variables
listed above. Let us illustrate this with the estimation results obtained with the
MEMMOD model (Deutsche Bundesbank 2000), where the impacts of the capacity
utilization rate and of technical progress were ignored (Table 17.3).

The long-term elasticities with respect to GDP are greatly diversified and far from
one, which seems to result from the omitted impact of technical progress. The short-
term elasticities are generally much lower. Employment sensitivity to the changes
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in real wages is significant and highly diversified. The adjustment process is on the
whole slow, the exceptions being France and Netherlands. Similar specifications can
be found in many other macromodels of particular countries, such as the BEQM
(Harrison et al. 2005), or of regions, e.g. the AWM (Fagan et al. 2005), or in the
world multicountry models MZE (Beffy et al. 2003), QUEST II (where the real
labour costs include the costs of employee vacations).

In several macromodels attempts were undertaken to make the specification of
the employment demand functions even richer. Profits were included as additional
explanatory variable in the long-term equations:

lnN∗
t = α0 + α1 lnXt − α2 lnWt

the short-term equations:

� lnNt = β1� lnXt − β2� lnWt + β3� lnNt−1 + β4
(
lnNt−1 − lnN∗

t−1

)

variables, the lagged and especially expected output was introduced (for instance, in
the NIESR model of the UK). It was stressed, though, that with the introduction of
output expectations the accuracy of estimates and forecasts did not greatly improve
(Wallis et al. 1987). The impact of the changes in the NAIRU level was also analysed
(Dreger and Marcellino 2007).

The approach assuming production cost minimization instead of profit maxi-
mization gained many supporters, especially among the constructors of the DSGE
models. The approach seems closer to the concepts where the levels of wages, one of
the major cost components, depend on the outcomes of the negotiations conducted
by the representatives of entrepreneurs and employees (Layard and Nickell 1985).

The minimum of the cost function Kt will be defined:

minKt = min(WPtNt + CtKt ) (17.34)

where Ct is the unit cost of fixed capital services and WPt is a nominal wage.
The solution of this optimization problem leads to the following long-term em-

ployment demand function:

lnN∗
t = α0 + α2 lnXt + α3 ln(WPt /Ct ) + α4 lnAt + α5 lnNt−1 + εt (17.35)

Fixed capital was omitted from this equation for the reasons mentioned above; TFP
(variable At ) is frequently approximated by an exponential trend. Sometimes the
ratio between wages and the unit costs of fixed capital services is substituted by the
two variables, which are introduced separately and represent real terms. Indeed, the
demand for employees increases if real wages decline (the elasticity may equal 1)
and if the real costs of hiring capital services increase (Smets and Wouters 2003).
For the MIMOSA model (Delessy et al. 1996) a joint variable being a weighted sum
of the logarithms of the ratios between wages and the unit costs of the services of
hired fixed capital was constructed; the weights were estimated.

In the short-term equations, other explanatory variables are also introduced, in
addition to the variables listed above, similar to those specified for the equations
obtained for profit maximisation.
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In the more recent years, the equations explaining the total number of hours
worked by employees had the form of identities:

Ht = Ntht (17.36)

where ht is the working time (hours) per employee.
As a result, the equations explaining working time per employee are generally

specified in the macromodels. The long-term equations explain changes in the length
of the working day. Because they follow legislative changes, they often are the func-
tions of time:

lnh∗
t = γ0 + γt t + εt (17.37)

In the short-run, they are assumed to depend on the cyclical output variations and
to adjust slowly, with some delay. This is reflected in the following equation:

� lnht = β1� lnht−1 + β2� lnXt + β3
(
lnht−1 − lnh∗

t−1

) + ζt (17.38)

The Bank of England’s quarterly model of the UK (Harrison et al. 2005) pro-
vided the following estimates: β̂1 = 0.56 and β̂3 = −0.048. These results confirm
the above hypothesis. The impacts of output changes were characterized by the re-
spective elasticities, being 0.037 for the current GDP increase and 0.055 for the
lagged GDP.

17.6 The Production Supply and Production Function

In the previous sections, enterprises’ behaviour was characterized assuming that the
demand for their production was predetermined. This means that their decisions to
adjust supply to the given demand for output influenced their decisions to generate
a demand for production factors such that their supply ensured the realization of
output at the expected level. The production functions—after conversion—were the
instruments for generating demand for production factors.

However, the question that can be raised for the market economies is whether
producers’ expectations are accurate enough and thereby whether the production
offered corresponds to the effective demand. But the most important question con-
cerns the size and mobility of the not fully used capacities, i.e. fixed capital and
labour, when the existing unemployment allows hiring additional personnel. There-
fore, in the model construction process the level of potential output must be defined
and estimated, assuming the full utilization of production factors. This enables the
estimation of the utilization rate of potential output that exerts a significant impact
on the short-term adjustments.

In the supply determined economies with chronic scarcity of products, particu-
larly in the economies with persistent disequilibria in the commodity and services
markets (in some periods in the centrally planned economies), the domestic output
usually falls short of meeting final demand. It is supply and not demand that is real-
ized in transactions. In order to describe these situations properly the specification
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of the extended production functions including the likely sources of scarcities of the
production factors, not only of fixed capital and employment, but also of energy and
raw materials, especially from imports, is necessary.

The issues in the specification of the production functions for demand-determined
market economies will be discussed first. They concern the domestic enterprises us-
ing the services of fixed capital and employees to deliver commodities and services,
given the technology described by the relevant production function.1 This function,
specified for value added (GDP of the national economy), has the following general
form:

X∗
t = xt (Kt ,Nt ,At , εt ) (17.39)

As mentioned, the most frequently used are the double-log function, i.e. the
Cobb-Douglas function (17.7) and the constant elasticity of substitution function
(CES) (17.8). The time series based estimation of the functions’ parameters series
involved many problems that did not find full satisfactory solutions. Firstly, the ex-
planatory variables—fixed capital and employment—were often collinear, so it was
frequently assumed that there were no returns to scale. Using the Cobb-Douglas
production function we have that the elasticities α + β = 1. This allows us to use
transformations defining either fixed capital productivity:

xt − kt = b + at + (1 − α)(kt − nt ) + εt (17.39′)

or labour productivity:

xt − nt = b + at + α(kt − nt ) + εt (17.39′′)

The next empirical question is that the observed data on the effective output
(Xt ) represent the realizations of the demand for production, whereas the produc-
tion function (17.39) defines the potential output, i.e. production capacities that are
usually not fully utilized. Based on the definition of the capacity utilization rate
WXt = Xt/X∗

t , the modified production function (frequently called short-term) ex-
plaining the effective output Xt will take the following form:

Xt = WXtX
∗
t = w(Kt ,Nt ,WXt ,At , εt ) (17.40)

Macroeconometric models used various procedures to estimate the rates of ca-
pacity utilization WXt . The major approaches will be listed below. In the early mod-
els of the USA economy the Wharton Index of Capacity Utilization was broadly
used. It was generated by comparing the current, effective output with the output in
the peak quarters of the business cycle (Klein 1966). In many European countries
the summary indicators based on the data on the capacity utilization rates reported
in the business surveys or firms statistics are used (Grzęda Latocha 2005). Partial
information on shift utilization or employees’ time worked was used less frequently
(Welfe 1992). To model the inflationary processes special indicators were applied.

1Following the DSGE models typology they are the components of the sector of domestic produc-
ers of intermediate goods.
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They were based on output deviations from its trend; treating them as the measures
of the capacity utilization rate is rather unjustified.

Further, there are the problems of measuring fixed capital and employment. Sev-
eral model builders rely on the statistical information about the stock of fixed capital
as on period ends (typically year). The average stock is obtained as a simple arith-
metic average interpolated for quarterly periods. In the models, the period-end stock
is calculated using the balance equation:

Kt = Kt−1 + It − δKt−1 (17.41)

where δ is the scrapping rate and where necessary

It =
J∑

j=0

ωjJt−j (17.42)

ωj being the parameters of the lag distribution of investment expenditures.
Many model builders frequently criticized the use of the statistical data on fixed

capital because of their low reliability. They preferred instead to generate time se-
ries independently by adding up the “more reliable” data on the level of invest-
ment, allowing for fixed capital depreciation. This means that Eq. (17.41) as applied
many times onwards, starting with an arbitrarily selected early period. While offer-
ing higher accuracy, this technique is far from being sufficiently satisfactory. Both
the techniques demand additional adjustments to account for changes in the services
rendered by fixed capital.

In most cases fixed capital is treated as homogeneous. However, this assumption
is abandoned in many models where machines and equipment as well as buildings
and structures are distinguished at the minimum, which perceive different functions
in the production process. In many macromodels (for instance the NIESR model of
the UK economy) attempts were undertaken to distinguish fixed capital represent-
ing different technological levels, i.e. the different generations of machinery and
equipment (assuming higher productivity of the new equipment). A simple approx-
imation of this approach was the attempts to separate the impacts of the most recent
generation, for instance of equipment used less than 5 years. Specifications applied
particularly in the developing country models to distinguish the imported machines
and equipment likely to have higher productivity than the domestic ones had a sim-
ilar meaning (Welfe 1992). More recently, the tendencies to separate computers,
software and telecommunication equipment from the total fixed capital so that the
impacts of computerized production processes could be quantified became stronger
(Jorgenson 2000; Jorgenson et al. 2003). The above extension of the specification of
the production functions was intended to help isolate the effects of computer-aided
production and management processes (Collechia and Schreyer 2002; Van Leeuwen
and Van der Wiel 2003). It must be noted, however, that the extensions reduced the
spectrum of the likely effects of TFP increase.

Many macroeconometric models use the working time of labour (Ht ) as an ex-
planatory variable. However, in several countries these statistical data are not avail-
able, especially for quarterly periods, so the employment data are mainly applied to
this end.
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17.7 Total Factor Productivity

The effects of technological progress represented by total factor productivity (TFP),
i.e. by variable At in Eq. (17.40), were initially considered exogenous and mostly
presented as the exponential functions of time:

At = λ0e
λ1t+ζt (17.43)

The assumption about the effects being constant in time and having a constant
rate of growth, usually not exceeding 1 %, seemed too strong in the last years,
especially in the long term analyses and forecasts. The increasing role of knowledge
capital in economic growth, outperforming the impacts of investment, contributed
to the development of studies measuring the effects of technological progress and
its sources in the last fifteen years (Smith 2002; Welfe 2006).

Total factor productivity is an unobservable variable. Its dynamics, following
the broadly accepted views, can be represented by the Solow’s residual (Solow
1957, 1962). TFP will be obtained as a difference between the growth rate of out-
put generated from the production function and the growth rate of output generated
from the same production function but ignoring technological progress. Given the
Cobb-Douglas production function (17.7) with constant returns to scale extended
for the capacity utilization rate WX, we have in logs:

�xt = �wxt + [
α�kt + (1 − α)�nt + �at

]
(17.44)

Having neutralized the effects of technological progress, i.e. assuming �at = 0, we
have:

�x0 = �wxt + [
α�kt + (1 − α)nt

]
(17.44′)

Subtracting both sides yields:

�at = (
�xt − �x0

t

) = �xt − �wxt − [
α�kt + (1 − α)�nt

]
(17.45)

To estimate the rate of TFP growth one must know the rate of productive ca-
pacity utilization and the estimates of output elasticity with respect to fixed capital
(Florczak and Welfe 2000).

The issues involved in the determination of the rate of capacity utilization were
discussed in the previous section. It must be stressed, though, that many macro-
models ignore this variable, which leads to biased estimates of TFP dynamics.
Specifically, the rates of output growth are falling during recessions: if a decrease
in capacity utilization is then ignored, the TFP growth will be underestimated; on
the other hand, ignoring the rising rates of capacity utilization during recovery with
increasing rates of growth causes the overestimation of the TFP growth (cf. Welfe
2007, 2009b).

The output elasticity α with respect to fixed capital can be directly estimated, if
the function explaining TFP is specified, i.e. if the variable At depends on factors de-
termining technological progress. This procedure is rather complex and infrequently
used in the macromodelling practice (cf. for example the early versions of the W8D
model of the Polish economy, in Welfe 2004). More frequently, the values of the
elasticities are calibrated. As far as the Cobb-Douglas function is concerned, the
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conclusions derived from the neoclassical theory of production can be used, stating
that the parameter estimates of the production function are equal to the respective
shares of profits and labour costs in GDP. As the shares are not uniquely defined,
the parameter estimates differ between macromodels. In the MEMMOD model the
estimates for the major industrialized countries ranged from 0.38 for France to 0.51
for Germany (Deutsche Bundesbank 2000). It was stressed, however, that the errors
in the determination of the estimates may seriously impact the evaluation of TFP
dynamics (cf. Welfe 2002).

Despite the above problems, the TFP dynamics has been recently introduced,
especially into the long-term models, as an explanatory variable associated with
the intensifying attempts to explain this dynamics (Richards 2000). It is convenient
to decompose TFP dynamics representing the dynamics of knowledge capital into
three factors, which are respectively linked to the dynamics of fixed capital (rather
investment) AK

t , the dynamics of employment, i.e. broadly understood human cap-
ital AN

t , and the dynamics of disembodied knowledge capital AW
t .

Based on the Cobb-Douglas production function, this decomposition reads as
follows:

�at = �aW
t + α�aK

t + (1 − α)�aN
t (17.46)

It is generally assumed that the dynamics of the disembodied, freely available
knowledge capital is stable in time and that it can be represented by an exponential
trend:

�aW
t = μ0 + μ1t (17.47)

Sometimes it is linked with employment dynamics or patent data (Mac Garvie
2005).

The dynamics of the effects of technological progress embodied in fixed capital
is related to the dynamics of cumulative real R&D expenditures, both domestic and
foreign, transferred to the country in question (Saggi 2000). This is represented by
the following equation:

lnAK
t = β1 lnSk

t + β2γ lnSm
t (17.48)

where:

Sk
t is the cumulative real domestic R&D expenditures,

Sm
t is the cumulative real foreign R&D expenditures,

γ is a weight representing the role of imports, i.e. the openness of the economy.

For the first time the impact of the real domestic R&D expenditures was directly
introduced into the production functions in the DRI models of the US economy. The
above concepts for using the cumulative R&D expenditures were broadly applied in
research projects based on the international cross-section time series data, the first
of which was reported by Coe and Helpman (1995) and raised a discussion between
Keller (2004) and Coe and Hoffmaister (1999). It was followed by projects reported
in Engelbrecht (1997, 2002), Bayoumi et al. (1999), cf. also Welfe (2003, 2009b).

Domestic cumulative R&D expenditures are obtained from adding up the de-
flated current R&D expenditures SBt , after allowing for the knowledge capital
depreciation:
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Sk
t = Sk

t−1 + SBt − δSk
t−1 (17.49)

where δ is the rate of knowledge capital depreciation, frequently assumed at the 5 %
level.

The specification of the knowledge capital transfer from abroad is more com-
plicated. It is represented by the foreign cumulative real R&D expenditures. It is
commonly confined to the expenditures of major industrialized countries. The di-
rect and indirect transfers of knowledge capital are distinguished (Jaffe 1986; Eaton
and Kortum 1996). The direct transfer involves telecommunication lines, country’s
technological proximity, the availability of knowledge contained in patents and li-
censes, etc. (Lee 2005). The indirect transfer takes place through imports. The alter-
native variants use either imports of intermediate commodities (new technologies)
or imports of investment goods (new machines); the latter turned out to be more effi-
cient (Xu and Wang 1999, 2000). Most recently, attempts were developed to use the
weighted imports of commodities classified by their technological level; the weights
were increasing along with rising technological maturity (Welfe 2009a).

The indirect transfer of foreign knowledge capital will be represented by the
weighted sum of real current R&D expenditures:

SBm
t =

∑

j

wj SBj (17.50)

where 0 < wj < 1 the weight as is defined above, staying with knowledge capital
transferred from the country j .

The cumulative real expenditures transferred from abroad are obtained from the
balance equation:

Sm
t = Sm

t−1 + SBm
t − δSm

t−1 (17.51)

In the last years it was stressed that the economy to which foreign knowledge
capital is transferred must be adequately prepared to absorb it (Lichtenberg and van
Pottelsberghe de la Potterie 1998). This justifies extending the above equations by
introducing variables representing the maturity of the economies in question, such
as the minimum level of real domestic R&D expenditures or the level of human
capital (Cincera and van Pottelsberghe de la Potterie 2001). The impact of FDI, an
important channel of knowledge transfer in the emerging markets, is also analysed
(Borensztein et al. 1998; Van Pottelsberghe de la Potterie and Lichtenberg 2001).

The empirical results of the above investigations are commonly described as TFP
elasticities with respect to domestic and foreign real cumulative R&D expenditures
(Crispolti and Marconi 2005). The estimation results based on the international
cross-section time series data which were obtained by the authors mentioned above
do not show considerable differences. The highly industrialized countries had the
highest elasticities with respect to domestic knowledge capital. For the G7 countries
β1 was in the 0.14–0.16 range, for the other industrialized countries β1 = 0.06–0.10,
whereas for developing countries the elasticities were close zero. The elasticities
showing the impact of knowledge capital transfers β2 ranged from 0.08 to 0.10, but
for developing countries they were ca. 0.5 (Welfe 2009b).

Knowledge capital embodied in labour force is commonly represented by hu-
man capital per employee. The notion of human capital is understood broadly—as a
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Table 17.4 Output elasticities with respect to the average number of schooling years

Author Levels First differences

Nehru et al. (1995) 0.078 (2.02) 0.079 (0.70)
Barro and Lee (1996) 0.165 (4.82) 0.083 (1.47)
Cohen and Soto (2001) 0.397 (7.98) 0.525 (2.57)
de la Fuente and Domenech (2000) 0.407 (7.76) 0.520 (2.17)

The values of t-Student statistics are given in the brackets. Source: de la Fuente (2004, Table 4.103)

summary characterization of particular employees’ properties determining their ef-
ficiency. Because of that, a variety of human capital indicators were proposed (Ben-
habib and Spiegel 1994). However, they all have a common property—the level of
education is regarded as crucial. Taking this characteristic as a point of departure,
the global level of human capital Hit can be defined as follows:

Hit =
∑

i

μiNit (17.52)

where Nit is the number of employees having the i-th education level.
Human capital per employee will be obtained using the following formula:

ht = H/Nt =
∑

i

μitNit /
∑

i

Nit (17.53)

The above formula can be extended by introducing other groups of employees,
distinguished according to their gender, age, position and industry (Jorgenson 2000;
Jorgenson and Stiroh 2000). This extension has been enabled in most developed
countries by the enlargement of the databases containing the demographic structures
of population.

The major problem that still remains to be solved is how to define the weights μi .
It is most frequently postulated that they should represent the length of education,
i.e. the number of schooling years. The length of education was initially estimated
indirectly, using the enrolment ratios. Recently this information has become directly
available, which has significantly improved its accuracy (de la Fuente 2004).

It has been recently stressed that the weights defined above do not necessarily re-
flect the market efficiency of employees representing different levels of educational
attainment. More adequate would be weights reproducing the relations between the
average wages of employees with different levels of education. According to the
Mincer equation, these relations are also dependent on the differences in the educa-
tion levels. In this case, we have:

μi = WPi/WP0 (17.54)

where WPi is average wages of employees with different educational levels.
The investigations aimed to identify human capital impacts on TFP growth were

yielding uncertain and contradictory results for many years, including negative re-
sults. It was realised, however, that the main reason why such results were obtained
were databases containing low-accuracy data on the length of schooling at different
levels (de la Fuente 2004; Soto 2001).
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The empirical investigations based on the international 1960–1990 samples cov-
ering the OECD countries used the information on the number of schooling years.
The production functions treating human capital as a separate explanatory variable
were applied. The results of these investigations are shown for the levels and first
differences of the logs of the variables in Table 17.4. They characterize output elas-
ticities with respect to the average number of schooling years.

All estimates based on the levels were statistically significant, but those based
on first differences were significant only in the more recent investigations. These
results may be challenged, because the regressions did not allow for the impacts of
R&D expenditures. See also results for D.C. (Engelbrecht 1997).

Empirical investigations using as the weights the ratios of average wages paid
to employees with different educational levels have been rather scarce (cf. Krueger
and Lindahl 2001). The results obtained for Poland indicate that the choice of the
weights is by no means an academic problem. For the period 1991–1998 the average
annual rates of human capital growth were respectively 0.54 % or 0.78 %, depending
on whether the wage relations or the number of schooling years was used as the
weights (Welfe et al. 2002).

In the empirical research projects covering particular countries the impacts of the
human capital changes can be analysed using a large spectrum of employees’ char-
acteristics, for instance their gender, age, position etc. (cf. for the USA—Jorgenson
et al. 2003).

Another postulate has been to extend the notion of human capital by including
additional characteristics, such as work experience, level of health, and migration
(Benabou 2002). These extended human capital characteristics can be found in the
submodel of knowledge capital for Poland, where work experience was approxi-
mated by employee age and health status by average life expectancy of women and
men in employment (Florczak 2009).

17.8 Equations Explaining Producer Prices

The equations explaining prices were important components of all early macroe-
conometric models (Courbis 1977). In the Klein-Goldberger model price changes
depend on the changes in the unit costs of production reduced to labour costs (Klein
and Goldberger 1955). Inflation induced by these changes is called cost-push infla-
tion. In the next models the price equations were extended by allowing for other
cost items and the characteristics of market tensions. The main reason for changes
in the latter component was the demand shocks, so inflation they caused is called
demand-pull inflation.

In the price determination process producer prices play a major role. Follow-
ing the neoclassical concepts, their equations are derived from the solution of the
profit maximizing problem. Having determined their production programs, the en-
trepreneurs are in a position to set prices allowing them to cover production costs
and to ensure profits.
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The unit production costs (kut ) are composed of:

(a) unit labour costs (kwt ) that can be calculated by dividing the average wages
(WPt ) by the labour productivity (WY t ) and by allowing for the social contri-
butions (vt ), i.e.:

kwt = WPt /WY t (1 + vt ) (17.55)

(b) the costs of using the intermediate commodities (raw materials, materials and
energy) that at the macro-scale can be reduced to the costs of using imported
materials (kmt ) and energy (ket ); they can be computed by multiplying the unit
use coefficients, respectively (am

t ) and (ae
t ), by the import prices of materials

(P m
t ) and energy (P e). The import prices in domestic currency are determined

by multiplying the world prices (P w
t ) by the exchange rate (ERt ). Hence, we

have:

kmt = am
t P m

t = am
t ERtP

wm
t (17.56)

and

ket = ae
t P

e
t = ae

t ERtP
we
t (17.56′)

(c) the remaining costs, including those resulting from the purchase of services,
debt service (dependent on the interest rates) and depreciation.

The unit costs are fully represented in the input-output models (Welfe 1992).
In the macroeconometric models this happens only infrequently, mainly because of
scarce information concerning the changes in the unit use of materials and other
costs. Hence, the unit costs are usually reduced to their major components, namely
labour costs and import prices (assuming constant import-output ratios).

The labour cost components, i.e. average wages and labour productivity, are
treated separately in most cases. Average wages depend, inter alia, on retail prices
and these on producer prices. This leads to a simultaneous feedback, i.e. an infla-
tionary loop (see sections below). This may result in the construction of a reduced
equation explaining producer prices, where the variables explaining wages, espe-
cially the unemployment rate, are introduced instead of average wages.

The second major factor determining the dynamics of producer prices is ten-
sions in the commodity markets that affect output or the demand gap. The tensions
are mainly represented by the characteristics of the capacity utilization rate (WXt ).
Many different indicators have been used to this end. For instance, in addition to the
indicator constructed as a ratio between the effective and potential output the Fair
models (Fair 2004) also used the deviations from the GDP trend, as well as the rate
of unemployment (the latter indicator was also applied in the FRB model of the US
economy).

In the specification of the producer price equations the dynamic adjustments play
an important role. The neo-Keynesian models stress rigidities in price adjustments,
which implies the introduction of appropriate lags. Expectations are also introduced,
particularly into the quarterly models, and occasionally the price inflation targets.
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Table 17.5 Parameter estimates of the producer prices equations

Countries Elasticities of producer prices with respect to

Lagged prices
α2

Labour costs
α3

Import prices
α4

Demand gap
α5

Time
α6

Canada 0.726 0.214 0.28 −0.164b 0.00025

(7.0) (2.6) (1.2) (2.4) (1.0)

France 0.806 0.057 0.023 −0.0444 0.00002

(3.0) (2.1) (1.9) (4.5) (0.2)

Germany 0.984 0.008 −0.150a 0.00008

(57) (1.3) (2.3) (0.7)

Italy 0.942 0.033 −0.210 0.00050

(140) (7.3) (5.8) (3.9)

Japan 0.937 0.016 0.080 0.00035

(45) (2.3) (3.4) (2.0)

Netherlands 0.816 0.050 −0.0563 0.00086

(16) (4.2) (1.9) (3.4)

UK 0.829 0.136 0.063 −0.302 −0.00034

(18) (2.9) (6.2) (4.6) (1.8)

The absolute values of t-statistics are given in the brackets. Note: the variable measuring the de-
mand gap was defined as aan unemployment rate, ba capacity utilization rate, cdeviations from
the GDP trend. Source: Fair (2004, Table B5, p. 295)

The long-term equations of producer prices may have the following form:

lnP ∗
t = α0 + α1

(
ln WPt (1 + vt ) − ln WY t

) + α2 lnP m
t + εt (17.57)

whereas the short-term equations:

� lnPt = β1� lnPt−1 + β2
(
lnPt − lnP ∗

t−1

) + β3
(
� ln WPt (1 + vt ) − � ln WY t

)

+ β3� lnP m
t + β4� ln WXt + �εt (17.58)

The results of the empirical investigations generally confirm the opinion about
the leading role of the labour costs. The estimates of the long-term elasticities of
producer prices with respect to labour costs are mostly close to one (for instance
in the models FRB/US and MIMOSA). This is why in some models (e.g. the MZE
model) they are calibrated at a level equal to one. The short-term elasticities are
much lower, which can be attributed to the impacts of lags and leads (cf. Fair 2004;
MEMMOD 2000). The short-term elasticities with respect to import prices are, on
the whole, statistically significant, being rather below 0.1. Sometimes homogeneity
is imposed in the long-term equation such that α2 = 1−α1. The impact of the market
tensions is usually significant. The above will be illustrated using the parameter
estimates of the traditional producer price equations that Fair (2004) obtained with
TSLS (Table 17.5).
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It must be stressed that the inertia were high in nearly all countries. Hence the
estimates of the short-term elasticities were comparatively low, likewise the au-
tonomous price increase.

17.9 Equations Explaining Average Wages

Wages are one of the most significant components of production costs. The before-
tax wages are an important subject of negotiations conducted by entrepreneurs and
employees or their representatives—the labour unions. The latter are mainly inter-
ested in maximizing after-tax wages. This gives primary importance to the wage
bargaining concept that the English econometricians Nickell (1984) and Layard de-
veloped at the end of the 1980s (Layard et al. 1991).

However, in the early macroeconometric models the most important observation
was that the level of wages changes following unemployment rate changes. It was
formulated for the first time in the specification of the wage rate equations in the
Klein-Goldberger model (1955). Its international reputation came with the studies
on wage development in the United Kingdom carried out by Phillips (1958). In the
concept he formulated, thereafter called a Phillips curve, the rate of wage growth is
related to the rate of unemployment. The algebraic formula is as follows:

W̊Pt = BU
γ
t eεt (17.59)

or in logs:

�wpt = β + γ ut + εt (17.59′)

This relation has been modified many times; its generalized form is shown below:

�wpt = β + f (Ut ) + εt (17.59′′)

The modifications consisted, inter alia, in predetermining the value of the parameter
γ (γ = 1,0,−1/2,−1) in formula (17.59′) or in substituting the unemployment rate
by its inverse:

�wpt = β + γ u−1, γ > 0 (17.59′′′)

The use of the “pure” form of the above concept was broadly criticized, espe-
cially from the neoclassical position. Firstly, it was emphasized that entrepreneurs
and potential employees have different expectations, so there must be some mini-
mum period between leaving a job and taking a new one. This justifies the existence
of friction unemployment, whose impact on the wage level is practically meaning-
less. Therefore, the unemployment rate in the above equations must be appropriately
modified by excluding either friction unemployment or natural unemployment.

Secondly, because wage negotiations are central to wage determination, it should
be assumed that the expectations presented by entrepreneurs and employees are the
most important. Because the expectations primarily concern price changes, the ne-
gotiations must protect the levels of real wages from falling. In the long-run, the
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negotiations would involve the acceptable distribution of the effects of a labour pro-
ductivity increase.

The introduction of price expectations leads to the expectations-augmented
Phillips curve:

�wpt = β0 + β1f (Ut ) + β2�pce
t + εt (17.60)

where pce
t is the expected retail price.

The expected prices are either retail prices or employees’ living costs. Expec-
tations are constructed as rational expectations or as adaptive expectations formed
based on the observed tendencies:

�pce
t ≈ �pct−1 (17.61)

In several countries suffering from high rates of inflation (such as Italy and
Poland) special regulations were introduced, tying the rates of wage growth (mainly
in the state-owned firms) to the rates of price growth. The wage indexation proce-
dures thus prescribed required the use of constant coefficients (elasticities) whose
values were lower than one (for instance 0.9). This was intended to weaken wage
pressures. The introduction of the coefficients into the wage equations did not make
wage forecasts more accurate, though (Welfe and Welfe 2004).

A wage equation constructed to expresses the outcomes of negotiations over the
impacts of living cost changes and employees’ shares in the results of productiv-
ity increase (WY t ) conducted between entrepreneurs and employees must take into
account that the negotiations deal with the nominal wage levels and not with their
rates of growth.

Hence the generalized specification of the equations explaining nominal wages
(cf. Tobin 1972) takes the following form in the long run:

wp∗
t = α0 + α1f (ut ) + α2 ln pct−1 + α3 ln wyt + α4t + ξt (17.62)

In the short-run, the rates of wage growth will be explained:

�wpt = β0 + β1
(
wpt−1 − wp∗

t−1

) + β2�f (ut )

+ β3�pct−1 + β4�wy + ξt (17.63)

The introduction of a constant rate of growth (trend) is justified, because of the
impacts of autonomous wage growth factors (due to longer stay in the job, etc.).
The long-term effects of price changes are represented by the constant elasticity α2.
If these elasticities (frequently measured with respect to current prices) are close to
one, then many models calibrate their values, assuming α2 = 1. Then the subject of
analyses and estimations will be the real wages Wt = WPt /PCt and the long-term
equation will be reduced to:

w∗
t = α0 + α1f (ut ) + α3wyt + α4t + ζt (17.62′)

Likewise, the reduced short-term equation will have the form:

�wt = β0 + β1
(
wt−1 − w∗

t−1

) + β2�f (ut ) + β4�wy + ζt (17.63′)
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Table 17.6 The elasticities of average wages. The 1965–1992 sample

Countries Elasticities of average wages with respect to

Consumer goods prices CPI Labour productivity Unemployment rate

Long-run Lagged Long-runa Lagged Long-run Lagged

France 0.82 4 months −0.58 −0.58

West Germany 0.79 3 months 0.37 6 months −1.24 −0.30

Italy 0.92 3 months 0.42 2.5 months −0.33 −0.33

Japan 1.00 4 months 0.65 6 months −1.45 −1.45

UK 1.00 3 months 0.38 12 months −0.41 0.0

USA 0.93 9 months −0.55 −0.55

Source: MIMOSA (Delessy et al. 1996)
aMinimum wage level added

It has been demonstrated that constant and positive elasticity of wages with
respect to labour productivity implies systematically increasing productivity. It is
hardly believable, though, that should productivity be declining the employees
would accept the related impacts, i.e. wage cuts. Hence, if �WY t /Wt < 0, it seems
reasonable to assume that β4 = 0.

In the macroeconometric models of particular countries and in the multicoun-
try models the wage equations are generally specified following the above rules,
however some differences and special properties can be spotted. As mentioned, in
the equations explaining average wages the estimates of the long-term elasticities
of average wages with respect to consumer prices were frequently close to one or
slightly smaller. This is illustrated in Table 17.6. Hence, in many other models the
elasticities were calibrated at a level equal to one, i.e. the equations explaining real
wages were used.

The short-term elasticities with respect to consumer prices show impacts lagged
by 3–4 months. The elasticities with respect to labour productivity are diverse.
Their long-run estimates are close to 0.4 for the West European countries, while
the Japanese value of 0.65 is similar to that for Poland (0.5–0.7). The correlation
with the rate of unemployment is negative. In Germany and Japan wage sensitivity
was much higher than in the other European countries and the USA.

The above characterizes a demand-determined market economy, where enter-
prises negotiating wage levels maximize their profits under imperfect competi-
tion. In the supply-determined economies scarcities of production factors, including
labour, may appear along with disequilibria. As a result, excess demand for employ-
ees showing differences in intensities is observed in the labour market. It can be
written as the negative rate of unemployment (Un

t ). It follows from the presentation
that the specification of the wage equation shown above must be modified, so that
the unemployment rate is substituted by the rate of excess demand for employees.
The long-run equation will have the following form:

lnW ∗ = α0 + α1 lnf
(
Un

t

) + α3WY t + α4t + eζt (17.64)
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In the empirical investigations the question about how to define a suitable mea-
sure of the excess demand Un

t must be answered. The demand is directly non-
observable. The disequilibrium indicators can be represented by the characteristics
of employment changes, i.e. the ratios between the number of vacancies and the
number of registered unemployed job-seekers or the ratios between recruitments
and dismissals (Welfe 1993). The above equations were used in estimating the wage
equation parameters for Poland in the period of centrally planned economy (Welfe
and Welfe 2004).
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Chapter 18
Modelling Disequilibria and Equilibria

18.1 Introduction

Previous chapters presented models describing the activities of households and en-
terprises, where the main stress was placed on real processes. The models allowed
generating the demand and supply of goods and services in the commodity markets,
and demand and supply of labour force in the labour markets. In this chapter the
equilibration mechanisms in these markets will be discussed. Firstly, the mecha-
nisms of the quantitative, mainly short-term adjustments will be described in terms
of changes in: (a) inventories, (b) the rates of capacity utilization (production fac-
tors), (c) foreign trade. Then the mechanisms of price and wage adjustments will be
discussed, linked to the unemployment rate analysis.

The point of departure will be the basic national account identity that for the past
behaviour has the following well known form:

Xt = Ht + Et − Mt (18.1)

and

Ht = Ct + Gt + Jt + �Rt (18.2)

where (all variables in constant prices):

Ct is personal consumption from disposable income,
Et is exports,
Gt is consumption of public institutions,
Ht is absorption by domestic final users,
Jt is investment expenditures,
Mt is imports,
�Rt is changes in inventories and reserves,
Xt is GDP.

To analyse the potential states of equilibria (or disequilibria) the description of
economic agents’ behaviour must be complemented first by specifying the public
sector equations (to generate its consumption Gt , employment and wage funds) and
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the foreign sector equations (to generate exports Et and imports Mt ). Secondly, the
equations explaining producer prices must be supplemented using the equations for
other agents, i.e. a comprehensive price system needs to be constructed. But most
of all, it seems indispensable that adequate economic regimes be distinguished, so
that the particular components of identities (18.1) and (18.2) can be alternatively
identified either as the demand of economic agents or supply from them.

18.2 Modelling the Global Disequilibria

In macroeconometric models, global demand for domestic production (GDP) at the
macroscale (XD

t ) is usually determined as a sum of its components, as in (18.1) and
(18.2). In the disequilibrium models that do not assume that demand and the supplies
delivered to final users (XS

t ) could be balanced even temporarily, i.e. assume that
XD

t �= XS
t , the supply equations are specified for XS

t .
In the disequilibrium models the central role is played by potential output. Its

volume may vary depending on the assumptions concerning the availability of pro-
duction factors. If the availability is unconstrained, the final demand XD

t can be
met. Otherwise, if there are constraints on the availability of fixed capital, the po-
tential output XK

t can be generated; if there are scarcities in labour force avail-
ability, the potential output XN

t will be determined (Barro and Grossman 1971).
There may also exist deficits in energy or raw materials supplies, their most fre-
quent causes being constraints in the availability of imports (or in the balance of
payments) that generate the potential output XM

t (Florczak and Welfe 2000; Welfe
and Welfe 2004).

The generation of potential output implies the use of production functions (Welfe
2000). As mentioned in the previous chapter, the Cobb-Douglas and CES functions
were used the most frequently (Dreze et al. 1990). For the sake of simplicity, the
Cobb-Douglas production function will be used below.

Potential output generated with a fixed capital constraint, i.e. assuming its full
utilization, will be obtained by using the following formula:

XK
t = BAtK

α
t N

K(1−α)
t (18.3)

where NK
t is the number of jobs, NK

t < NS
t .

Potential output generated under constrained availability of labour force, i.e. as-
suming full employment, will be obtained with the following formula:

XN
t = BAtK

α
t N

U(1−α)
t (18.4)

where NU
t = NS

t −UN
t and NS

t is the labour force supply, UN
t is natural unemploy-

ment.
Full employment is understood here as the potential number of working-age peo-

ple reduced by the amount of natural unemployment resulting from the conditions
associated with the job-seeking process (Coen and Hickman 1976).
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The generation of potential output constrained by inadequately available energy
or raw materials implies that the production function should be extended by in-
troducing additional explanatory variables. A disequilibrium indicator was used in
most cases, showing the degree to which the demand for energy or raw materials was
met. At the macrolevel these constraints mostly translated into constraints affecting
imports or the current account in the balance of payments.

The potential output for the above variants established, the global supply of do-
mestic products to the final users XS

t can be obtained from the following equation:

XS
t = (

X
K−ρ
t + X

N−ρ
t

)−1/ρ (18.5)

where 1/ρ is a mismatch coefficient or if the constraints in the supply of energy or
raw materials are additionally considered:

XS
t = (

X
K−ρ
t + X

N−ρ
t + XM−ρ

)−1/ρ (18.5′)
Using the general assumptions concerning the aggregation of economic agents’ ac-
tivities, the total output provided for final users, i.e. GDP, can be determined from
the following formula:

Xt = (
X

D−ρ
t + X

K−ρ
t + X

N−ρ
t

)−1/ρ (18.6)

For the West-European countries and Poland the mismatch coefficient estimates
were close to 0.02 (Dreze et al. 1990; Welfe et al. 1996).

The empirical results of the presented investigations show that constraints in the
availability of machinery and equipment played an important role in the 1970s and
1980s, but in the subsequent years the final demand constraints were decisive. The
results obtained for Poland were approximately similar, however in the late 1970s
and in the early 1980s the restrictions on the availability of raw materials, including
imported ones, were strongly accentuated.

In the dynamic stochastic general equilibrium (DSGE) models the equilibrium
conditions are determined for the major economic agents participating in final de-
mand. The agents are households (private consumption), public institutions (social
consumption), investors and exporters. The demand of these groups of economic
agents is compared with the supply of products directed to them. The supply is rep-
resented by the output of the “final goods producers”. This rather strange category
may contain trading and logistic firms and exporter firms. This “output” is composed
of domestic products (manufactured by domestic “producers of intermediate prod-
ucts”) and imported products. As a rule, the supply flows are aggregated using the
CES function. For example, the supplies of consumer goods directed to households,
CS

t , are obtained from:

CS
t = γ

(
δX

C−ρ
t + (1 − δ)M

C−ρ
t

)−V/ρ (18.7)

where:

XC
t is supply of domestic products directed to households,

MC
t is imports of consumer goods directed to households,

ρ > 0 is a parameter linked to the elasticity of substitution σX,M : σX,M1/(1 + ρ).
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This approach is particularly attractive from the perspective of analysing com-
modities flows going to final users. However, its implementation encountered seri-
ous informational barriers, especially in the case of the flows of imported commodi-
ties. The constructors of the supply-determined macromodels of the former CPE
countries faced similar difficulties (Welfe 1992).

18.3 Modelling Demand of Public Institutions (Social
Consumption)

For the description of the domestic final demand to be complete, the functions rep-
resenting public institutions’ demand for consumer and investment goods must also
be specified. The most important here is the demand financed from the government
budget.

In general, a simple hypothesis is proposed, assuming that the public institu-
tions’ demand for consumer goods (Gt ) is a non-linear function of the real current
expenditures of the government budget. The respective inertia must be introduced,
recognizing the dependence on the existing infrastructure. Hence, for the long-run
we have:

lnG∗
t = b0 + b1 ln(BCPt /PGt ) + εt (18.8)

where

BCPt is the current expenditures of the government budget,
PGt is the deflator of public consumption;

in the short-run we have:

� lnGt = a0 + a1
(
Gt−1G

∗
t−1

) + a2� ln(BCPt /PGt ) + α3� lnGt−1 + εt (18.9)

In several models the explanatory variable is equal to the current expenditures ad-
justed for debt service and/or military expenditures, if the latter are ranked higher
by the government.

Investment demand is usually assumed to be exogenous. Regarded as an impor-
tant instrument of economic policy, it expresses the more or less arbitrary decisions
of the government.

18.4 Modelling Inventories

In the demand-determined macromodels where demand, including final demand, is
met, its component, i.e. the demand for an increase in inventories and reserves �Rt ,
is distinguished and special equations are built. In the disequilibrium models where
the supply of commodities was directly specified, inventory changes were residual
and played an equilibrating role. They retained the role also in the equations of the
aforementioned demand-determined models.
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The macroeconometric models of less-developed countries and the former CPE
countries used production functions to generate output and, consequently, to allocate
the supplies of commodities and services among final users. At the macro-scale, the
global supply XS

t was determined as a sum of value added in particular sections. Its
volume usually did not match the volume of global demand—market equilibrium
was ensured by appropriate inventory changes �Rt . In these models, the following
identity was defined:

�Rt = CD
t + GD

t + JD
t + (

ED
t − MD

t

) − XS
t (18.10)

At present, it is used rather rarely. Other adjustments mechanisms predominate
in macromodels. The accuracy of inventory changes calculated from an identity is
non-satisfactory. This makes the attempts to explain the demand for an inventory
increase more appealing.

In the specification of the equation explaining the demand for inventory increase
the main stress must be placed on the major functions of inventories and reserves.
They must ensure the continuity of production and trade. Hence, they should ex-
pand correspondingly to growing output and trade. The volume of the inventories of
finished commodities depends i.a. on how precisely enterprises can predict the de-
mand for output, as indicated in Chap. 17. Regarding raw materials and materials,
their volume is determined by the frequency of their periodical supply. Moreover,
they function as a buffer that protects production and trade processes against the
possible demand shocks or commodity supply shocks (Lovell 1961, 1962).

The above premises were applied in macromodels to specify the inventory func-
tions. The desirable level of inventories depends on the level of output (or sales). It
is assumed that this adjustment process follows with a lag:

R∗
t = b0 + b1Xt − b2Rt−1 + ξt (18.11)

where: R∗
t is the desired level of inventories at period end, b1 > 0 and 0 < b2 < 1.

The impacts of shocks, whether they follow from changes in the factors deter-
mining demand Dt(·) or from changes in the factors determining supply St (·), have
short-term implications. They are introduced into the short-term equation:

�Rt = α0 + α1
(
Rt−1 − R∗

t−1

) + α2�Xt + α3�Rt−1

+ α4
(
Dt(·) − St (·)

) + ξt (18.12)

The above shocks are frequently characterised using the rate of capacity utilization
WXt . Its increase is associated with inventories decline and its decrease is followed
by their expansion (α4 < 0).

In general, the prediction accuracy of an inventory increase is not high. Hence,
only a few models treat the results of forecasts as important signals for enterprises,
heralding the likely business cycle changes.

In the multisectoral models attempts were made to distinguish equations explain-
ing particular kinds of inventories, such as finished commodities, work in progress,
raw materials and materials (Juszczak 1982). The equations were specified for par-
ticular sections of the national economy, including the inventories of the trading
organizations (cf. equations in the W-5 model of the Polish economy, Welfe 1992).
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18.5 Modelling Adjustments in the Production Sector

In the demand-determined macroeconometric models output is determined by de-
mand directed to enterprises (allowing for changes in the inventories of finished
goods). This demand influences the demand for production factors that basically
falls short of the full utilisation of their resources, so some or all of the factors
remain in excess. The changes in this demand can be partly handled by adjusting
appropriately capacity utilization and/or the utilization of equipment and employ-
ment.

Hence the obvious need that changes in enterprises’ capacity utilization rates
and/or in particular production factors be monitored, as mentioned in the previous
chapter.

Solving this problem effectively poses several difficulties. Firstly, in many coun-
tries the information on the capacity utilization rate (WXt ) is limited. The Wharton
Index used in the quarterly Wharton models of the US economy that was developed
the earliest by comparing output with its values in the peak years was applied in
the manufacturing industry (Klein and Summers 1966). In the European countries
surveys making direct enquiries to enterprises about their capacity utilization rates
were used (Grzęda-Latocha 2005). The application of these indicators is somewhat
inconvenient, because to use them in forecasting equations explaining their dynam-
ics must be built.

The concepts where the effective output (Xt ) is compared with potential output
derived from the production function seem to be the most appropriate theoretically
and free of the above disadvantage. If the potential output were determined to ensure
the full utilization of the fixed capital (XK

t ) as in (18.3), then the rate of capacity
utilization will be obtained from:

WXK
t = Xt/XK

t (18.13)

If the potential output were defined to ensure full employment (XN
t ), then the rate

of capacity utilization will be calculated from:

WXN
t = Xt/XN

t (18.14)

In this case, the precision of the estimates of the capacity utilization rates will
depend on the computation accuracy of potential output. The above characteristics
of the rate of potential output were broadly used in the macroeconometric models
of the USA (Coen and Hickman 1976) and other countries, including Poland (Welfe
2009).

The rates of capacity utilization play a far-reaching role in macroeconometric
models. They are introduced as explanatory variables representing market tensions
not only into the equations explaining prices, but also into the foreign trade equa-
tions. Let us mention that in the equations explaining prices central banks often use
a simplified procedure for capturing the effects of market tensions, which involves
the construction of an indicator comparing effective GDP with GDP trajectory rep-
resented by an appropriate trend, which was mentioned in the previous chapter.

Macroeconometric models rather infrequently use the scarce information on the
utilization rate of machinery and equipment as opposed to the use of information on
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employees’ time worked. The latter allows analysing the utilization rate of employ-
ees’ potential working time (Fair 2004), as well as the utilization rate of production
potential by adjusting the number of shifts (Welfe 1992).

18.6 Modelling Unemployment

In the market economies labour market disequilibria are represented by unemploy-
ment, i.e. by the difference between labour force supply and employment. This
understanding of unemployment can be found in the demand-determined macroe-
conometric models. In the supply-oriented models the excess demand for labour
predominates, frequently related to hidden unemployment.

The level of unemployment is understood as registered unemployment or unem-
ployment estimated through special surveys, such as LFS. Macromodels mostly use
registered unemployment.

In macromodels, the level of unemployment UNt and the rate of unemployment
Ut are most frequently generated from respective identities:

UNt = NS
t (·) − ND

t (·) (18.15)

and

Ut = UNt /N
S
t (·) (18.16)

where

ND
t (·) is the demand function for employees,

NS
t (·) is the labour supply function.

The above functions were specified for labour supply in Chap. 16 and for the
demand of the enterprise sector in Chap. 17 (cf. Phillips 1958). The total demand
for employees involves also public sector employees. Their number is either treated
as exogenous or, preferably, generated from the equations that take into account
the available infrastructure (frequently represented by lagged employment) and the
likely changes in the level of total salaries assumed in the government budget. In
this case, we have:

NPD
t = α0 + α1N

PD
t−1 + α2�

(
F DP

t /WPP
t

) + εt (18.17)

where

NPD
t is public sector’ demand for employees,

FPP
t is total salary fund for the public sector officers,

WPP
t is average salary in the public sector.

In the long-run, average salaries paid in the public sector vary like average wages
in the enterprise sector:

WPP
t = AWPα

t eξt (18.18)
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Generating the rate of unemployment as a residual from identity (18.16) usually
yields results that are not sufficiently accurate. The estimation (and prediction) er-
rors of the demand and supply functions add up. Hence, attempts were made in sev-
eral macromodels to estimate the changes in unemployment rates using the reduced
specifications of the demand functions ND(·) and of the labour supply functions
NS(·). It can be assumed in the short-run that labour supply changes slowly, so the
impact of the changes can be either ignored or represented using a trend function.
The most important are factors affecting employment demand, i.e. output and the
effects of technological progress (Nickell 1984). This means that the rate of unem-
ployment can be determined using the utilization rate of production capacities WXt

and the rate’s fluctuations can be explained by the GDP fluctuations in the business
cycle:

Ut = BWXβ
t eμt+ξ

This approach is far from being excellent. As mentioned, the estimates of the ca-
pacity utilization rate can be obtained using competitive methods and are not highly
accurate.

The observed unemployment rate represents the effects of changes in the labour
market caused by employees changing employers (frictional unemployment) and
the long-term tendencies arising from the permanent unavailability of jobs (struc-
tural unemployment). In the literature, Friedman (1968) and Phelps (1970) views
were prevalent. They proposed distinguishing the category of natural unemploy-
ment, representing labour market equilibrium. They found that the economic pol-
icy instruments designed to reduce the rate of unemployment made it lower only
temporarily and were followed by an increase in inflation (cf. Blanchard and Quah
1989).

The NAIRU (non-accelerating inflation rate of unemployment) concept derived
from the analysis of the relations between entrepreneurs and employees (Layard
et al. 1991) found more general applications. The NAIRU is an “equilibrium” un-
employment rate such that exceeding it makes the rate of inflation go down and
its decrease is followed by an increase in the rate of inflation. The values of the
NAIRU computed for the USA oscillated around 6 % whereas for Western Europe
were higher between 8–9 % (Elmeskov 1993).

To compute the NAIRU several simplifying assumptions concerning the equa-
tions explaining average wages and prices that serve as a point of departure must be
introduced. For the sake of demonstration, let us derive the NAIRU using the long-
run equations of average wages and prices. The equations will be shown by means
of the logs of variables.1

The equation explaining the nominal average wages before tax reads as:

wpt = α0 + α1p
c
t−1 + α2wyt − α3ut + α4t

w
t (18.19)

where pc is a consumption deflator, tw is social contributions, wyt is labour produc-
tivity.

1This example follows the modified derivation shown by Whitley (1994, pp. 102–103).
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The long-run real average wages will be obtained assuming that the elasticities
with respect to prices will be calibrated at levels equal to one and that no lags are
present. Hence:

wpt − pc
t = α2wyt − α3ut + α4t

w
t (18.20)

Considering that the logarithm of the consumption deflator can be presented as the
difference between the logarithms of producer prices (pt ) and indirect taxes (t it ):

pc
t = pt − t it (18.21)

after substituting to (18.20) we shall have:

wpt − pt = α2wyt − α3ut + α4t
w
t + t it (18.20′)

The initial producer price equation, following (17.55), reads as follows:

pt = β0 + β1
(
wpt − wyt + twt

) + β2p
m
t + tzt (18.22)

where

pm
t is import deflator,

tzt is corporate income tax.

The long-term producer price equation will be obtained based on a simplifying
assumption that price elasticity with respect to labour costs is one, β1 = 1, and
the import deflator can be obtained by multiplying the world prices (pw

t ) and the
exchange rate (ert ): pm = pw + ert .

As a result, we have:

pt − wpt = wyt + twt + β2
(
pw

t + ert

) + tzt (18.22′)

hence

wpt − pt = −wyt − twt − β2
(
pw

t + ert

) − tzt (18.22′′)

The NAIRU defining equation will be obtained by comparing (18.20′) and (18.22′′):

−α3ut = (α2 − 1)wyt − (1 − α4)t
w
t − t it − tzt − β2

(
pw

t + ert

)

hence

α3ut = (1 − α2)wyt (1 − α4)t
w
t + t it + tzt + β

(
pw

t + ert

)
(18.23)

This derivation of NAIRU shows that its level depends on the tax rates and the
exchange rate, and on level of productivity.

Alternative methods were applied. The first uses the rates of growth of vari-
ables, the second is based on the reduced Phillips formula, utilizing the Kalman
filter (Elmeskov and MacFarland 1993).

A simplified approach was elaborated similar to that applied in calculating
NAWRU as shown below.

The NAWRU (non-accelerating wage rate of unemployment) is an alternative
concept that has found a broad use. This unemployment rate is not followed by
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an increase in average wages. It was originally developed for the OECD mod-
els (Elmeskov and MacFarland 1993). Its estimates can be found in many Euro-
pean macromodels, including those for the OECD member countries (Bårdsen et al.
2005). It can be derived from the following equation:

UNAWRU
t = Ut − (

�Ut/�
3wt

)
�2wt (18.24)

where

wt = ln WBt

To avoid irregular shocks the HP filter was commonly applied.

18.7 Modelling Foreign Trade

18.7.1 Introduction

The equations explaining exports and imports have been present in all macroecono-
metric models since their beginning. Many models initially treated foreign demand
as exogenous (in the world economy models it was generated for particular country
by the system). Later on, endogenized foreign demand served as a characteristic of
the links with the world economy that could be shaped by the improving competi-
tiveness of the exporting country.

In the supply-determined models and the general equilibrium models the export
supply functions were also specified.

The macroeconometric models’ equations explaining domestic demand for im-
ported commodities and services are specified in most cases. This demand depends
on the level of domestic economic activity, as well as being sensitive to the level of
imports’ competitiveness vis-à-vis domestic production. In a few models attempts
were made to explain the supply of imported commodities. A relevant example is
the DSGE models, where the sources of imported products were established.

The foreign trade equations cover not only its total volumes. The most frequent
disaggregation distinguishes commodities and services. The commodity imports are
decomposed by their use, i.e. into consumer goods, investment goods, and interme-
diate commodities, with fuels being frequently distinguished. The world economy
models frequently use the UN SITC classification of exports and imports.

In many macroeconometric models the foreign trade flows were decomposed
using also the geographical and political criteria (Bożyk et al. 1973; Czyżewski and
Welfe 1990).

The discussion in this section will concentrate on the presentation of the exports
and imports equations, bearing in mind their role in balancing the economy; the
review of the structure of the import and export price equations will be postponed
until the next section and the role of the above equations in modelling the balance
of payments will be presented in one of the next chapters.
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18.7.2 Equations Explaining the Demand for Exported Goods

Foreign demand for commodities exported by a country is composed of the demand
of particular countries represented by the appropriate fractions of their global im-
ports. Macromodels distinguish the most significant importers or their groups, such
as EU members, or use total world imports (equal to total world exports). Exports
volumes are treated as exogenous, except that they are explained by the pertinent
variables like in the multicountry models, first of all by GDP. The models that be-
long to the above class usually assume that the exports Eit of the i-th country can
be obtained as a sum of the products of the components of the international trade
matrix aij by the volumes of foreign countries’ imports Mjt , i.e. Eit = ∑

j aij ·Mjt .
The matrix components were often assumed to have constant values, which implied
the necessity of updating them (Hickman and Lau 1973; Klein et al. 1999).

The exporters’ reactions to foreign demand changes were not immediate, which
seems to be due to the traditional conclusion of contracts with an appropriate lead.
Hence the suitable lags in the adjustments to changes in foreign demand.

The empirical long-term relationships show certain stability, as well as revealing
that growth tendencies are stronger for exports than for global imports as implied
by the elasticity of exports with respect to the summary imports of foreign countries
which is higher than one. This result does not seem justified, being rather an indi-
cation that some important factor has been omitted. It was therefore suggested that
the long-term elasticity of exports (calibrated) should be equal to one, meaning a
stable share of the given country’s exports in global imports. The introduction of the
structural changes and qualitative improvements could be represented through an
exponential trend, the use of which could bring down the aforementioned elasticity
to a level close to one (Whitley 1994).

Foreign demand is modified along with changing competitiveness of exported
products. This competitiveness is most frequently expressed through the exporting
country’s relative prices, or the relative labour costs or relative unit costs which are
used more rarely. Price competition has been recently giving way to quality-based
competition, so the absolute values of estimates of the price export elasticities have
been declining in the last years.

In the short-run, unexpected shocks in the domestic markets disturb export activ-
ities in several ways. Shocks, such as floods, that impose constraints on the supply
to the domestic markets or induce increases domestic demand are compensated for
by lower supplies for exports. To represent the disturbances the common charac-
teristics of the market tensions are used, such as the utilization rate of productive
capacities.

The above examination leads to the following long-run equation explaining the
foreign demand function for exported commodities:

lnED∗
t = α0 + α1 lnMW

t + α2 ln
(
P E

t /ERt

)
/P W

t + εt (18.25)

The short-run foreign demand function is specified as follows:

� lnED
t = β0 + β1

(
lnED

t−1 − lnED∗
t−1

) + β2� lnMW
t + β3� ln

[(
P E

t /ERt

)
/P W

t

]

+ β4� ln WXt + β5� lnED
t−1 + εt (18.26)
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where

ERt is exchange rate—domestic currency/world currency,

MW
t is imports of the distinguished territory,

P E
t is export deflator in domestic currency,

P W is import deflator of the distinguished territory,
WXt is the utilization rate of productive capacity.

As mentioned, the estimate of the long-run elasticity α1 exceeded one in many
models (for Poland it was 1.2). Hence it was frequently calibrated, assuming α1 = 1.
Then the exponential trend was introduced into the long-term equation (18.25). No-
tice, that the equation could be reduced by introducing the ratio between exports
and global imports as the explained variable.

In the major UK models the long-term export elasticities with respect to relative
prices were between −0.28 and −0.40 (Whitley 1994); for Poland they were sub-
stantially lower (−0.11) (Welfe 2002). The short-term elasticities with respect to
global imports were usually smaller than one. However, the short-term export elas-
ticities with respect to relative prices were higher in absolute terms than the long-
term elasticities, thus displaying stronger short-run sensitivity of the world markets.

18.7.3 The Exports Supply Functions

Commodities intended for exports were modelled mainly in the supply-determined
macromodels. Regarding the demand-determined models, their builders most fre-
quently gave up the construction of separate exports supply functions, assuming
that supply followed effective demand. The models built in the former CPE coun-
tries usually contained the supply functions that represented the export potential of
the economy, without assuming that foreign demand would be met. More recently
the exports supply functions could be found in the CGE models, and particularly in
the DSGE models. The equations are special in that they decompose the supply of
export commodities by its origin, i.e. into the supply of domestic products and of
imported commodities (re-exports).

The initial specification of the exports supply function started with the poten-
tial domestic output, the aim being to estimate the amount by which the domestic
production potential was larger than domestic demand. The domestic production
potential was represented by either global output (Qt ) or global domestic output
GDP (Xt ).

The offer of commodities for exports depends also on the profitability of exports.
Its changes are related to the changes in the relative export prices, i.e. in the relations
between the prices paid for exports (P E

t ) and those obtained in the domestic markets
(Pt ).

Hence the long-run exports supply function (ES
t ) will be specified as follows:

lnES∗
t = α0 + α1 lnXt + α2 ln

(
P E

t /Pt

) + ξt (18.27)
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In the short-run, the effects of shocks produced by varying supply to the domestic
users must be introduced. They are typically represented by the rate of capacity
utilization (WXt ). Therefore, the short-run equation will have the following form:

� lnES
t = β0 + β1

(
ES

t−1 − ES∗
t−1

) + β2� lnXt + β3� ln
(
P E

t /Pt

)

+ β4� ln WXt + ξt (18.28)

In the DSGE models the notion of exports potential is frequently extended by the
explicit introduction of reexports into the supply equation. Let the global volume of
the commodities for export be SE

t ; then, using the DSGE models terminology, the
supply from “the producers of final goods” intended for export will equal:

SE
t = γ

(
δXE−p

t + (1 − δ)ME−p

t

)−v/p (18.29)

where

XE
t is the output for exports from the “producers of intermediate goods”,

ME
t is imports for reexports.

The supply of commodities intended for exports redefined as above will substi-
tute GDP in both the long-term equation (18.27)

lnES∗
t = α0 + α1 lnSE

t + α2 ln
(
P E

t /Pt

) + ξt (18.27′)

and the short-term equation (18.28) explaining the supply of exports:

� lnES
t = β0 + β1

(
ES

t−1 − ES∗
t−1

) + β2� lnSE
t + β3� ln

(
P E

t /Pt

)

+ β4� ln WXt + ξt (18.28′)

Assuming that the long-run elasticity of exports supply with respect to global
supply SE

t is one, i.e. that in the long-run α1 = 1, then the ratio of the exports supply
ES

t to the potential exports supply SE
t can be treated as an explained variable. This

ratio will be dependent on the relative prices (the Armington model, Armington
1969). For the long-term, we have:

ln
(
ES

t /SE
t

) = α0 + α2 ln
(
P E

t /Pt

) + ξt (18.30)

where the elasticity α2 stands for the competitiveness of the commodities to be
exported. It is worth knowing that special computations are needed to estimate the
volumes of the commodities intended for exports.

18.7.4 The Imports Functions

The import of commodities and services performs two major functions. Firstly, it is
to complement the range of commodities and services that are either not produced
domestically or produced in insufficient amounts (complementary imports). Sec-
ondly, imports compete against the domestically produced goods, thus contributing
to higher efficiency of domestic supplies (competitive imports).
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In the simplest case, the imports equation describing the first function can be
specified as an identity, with imports defined as a residual. At the macro-scale this
will be:

Mt = Ht + Et − Xt (18.31)

In the multisectoral models this identity holds for the distinguished commodity
groups. In these equations imports play a balancing role. This becomes particularly
clear, when output represents potential domestic output.

However, macroeconometric models use most frequently imports functions that
represent mechanisms generating demand for imported commodities and include
competitive issues.

The competitive intensity is usually represented by relative import prices de-
fined as the ratios between import prices (in domestic currency) P m

t and domestic
producer prices Pt . Hence, at the macro scale the long-run equation will have the
following form:

lnM∗
t = α0 + α1 lnXt + α2 ln

(
P M

t /Pt

) + ξt (18.32)

Many authors assume that the share of imports in GDP is constant in the long-
run. Therefore, imports elasticity with respect to GDP (calibrated) can be assumed
at a level equal to one (α1 = 1). With this assumption, the explained variable can be
redefined as the share of imports in GDP, i.e. Mt/Xt . In this case, the relative prices
will be the only explanatory variable:

ln(Mt/Xt ) = α0 + α2 ln
(
P M

t /Pt

) + ξt (18.33)

It must be added that this relationship represents the result of optimizing the be-
haviour of economic agents that choose from among the domestic and imported
commodities (the Armington model).

The acceptance of the above assumption is sometimes associated with an incli-
nation to allow for structural changes, which leads to an increase in the growth rates
of imports. An exponential trend is then introduced (Whitley 1994).

In the short-run, the shocks likely to come from unexpected changes in domes-
tic demand represented by changes in the capacity utilization rate (WXt ) or from
changes in foreign direct investment (BJ

t ) are introduced. Then the short-term equa-
tion will have the following form:

� lnMt = β0 + β1
(
lnMt−1 − lnM∗

t−1

) + β2� lnXt + β3� ln
(
P M

t /Pt

)

+ β4� ln WXt + β5� lnBJ
t + ξt (18.34)

In many macroeconometric models commodity imports are decomposed accord-
ing to their use. There are distinguished imports of intermediate commodities (MZ

t ),
investment imports (MJ

t ) and consumer goods imports (MC
t ). The long-term equa-

tions explaining the demand for the distinguished groups of imported commodities
will be specified below.

It is generally assumed that the imports of intermediate commodities depend
directly on gross output (Qt ):

lnMZ
t = α0 + α1 lnQt + α2 ln

(
P M

t /Pt

)
(18.35)
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where the relative prices are defined as the ratios of intermediate commodity prices,
if the appropriate information is available. The multisectoral models, including the
input-output models, use the data on the import-output ratios showing the unit use
of materials and fuels.

The demand for imported, mostly complementary, investment goods mainly de-
pends on the expansion of the domestic investment activities. In the case of the
emerging economies a special channel for the imports of investment goods is distin-
guished, namely foreign direct investments (FDI).

Hence we have:

lnMJ
t = α0 + α1 lnJV

t + α2 ln FDIt + α3 ln
(
P MJ

t /P JV
t

) + ξt (18.36)

where

JV
t is investment expenditures on machinery and equipment (constant prices),

P MJ
t is the deflator of imported investment goods,

P JV
t is the deflator of domestic investment expenditures on machinery and equip-

ment.

The demand for imported consumer goods is treated as competitive in most cases,
which gives importance to the relative imports prices. The complementary imports
help meet the domestic consumption. However, the major explanatory variable is
the total consumption Ct , mainly because of restricted data availability. Hence we
have:

lnMC
t = α0 + α1 lnCt + α2 ln

(
P MC

t /P C
t

) + ξt (18.37)

where P MC
t is the deflator of imported consumer goods and P C

t is the deflator of
individual consumption.

In the multisectoral models imports are decomposed further. The SITC classifi-
cation is used most frequently to this end. Among the intermediate commodities the
import of fuels is often distinguished.

As mentioned, the estimates of the long-term elasticities of imports with respect
to GDP are either close to one or slightly exceed one. The long-term elasticities of
consumer goods imports with respect to total private consumption are much higher,
reaching 3 in the extreme cases. The price elasticities for the UK ranged between
−0.5 and −0.8 (Whitley 1994) and for Poland between −0.3 and −0.8 (Welfe and
Welfe 2004).

18.7.5 The Equations Explaining the Supply of Imported
Commodities

The demand-determined models assume that the potential supply of commodities
that importers may offer is unconstrained, hence the effective supply tends to match
the demand for imported goods. The supply conditions are affected by import prices
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that will be discussed in the next section. Attempts have been made within the gen-
eral equilibrium models and the DSGE models to estimate the supplies of imported
commodities by looking at their sources.

18.8 Price Systems

18.8.1 Introduction

Prices perform many important functions in national economies. Changing, they
clear the markets. They allow the flows of commodities and services to be trans-
formed into the flows of incomes and expenditures (as deflators), i.e. they guarantee
a transition from the real sphere to the sphere with financial flows (Courbis 1977;
Tobin 1972). The most important role is played by the producer prices; the specifi-
cation of the equations explaining these prices was shown in the previous chapter.
In this section the discussion will be extended to include the equations explaining
final goods prices and the prices of production factors that together constitute the
price system functioning in the national economy. The discussion on how inter-
est rates and exchange rates are generated will be postponed until the next chap-
ters.

18.8.2 Equations Explaining the Prices of Domestic Final Goods

In specifying the equations explaining the prices of consumer or investment goods
it is commonly assumed that the prices depend, as appropriate, on producer prices,
import prices, trading mark-ups and indirect taxes (mainly VAT).

At the macro scale, the most frequent explanatory variables are GDP deflators;
in the multisectoral models the deflators of gross output (or production sold) are
applied in particular sections.

Like the retail price indices, the deflators of private consumption (CPI) are mostly
computed as the functions of the geometric averages of GDP deflators, import de-
flators and indirect taxes. For the long-run, we have:

lnP C∗
t = α0 + α1 lnPt + (1 − α1) lnP MC

t + α2 lnT V
t + εt (18.38)

where T V
t is the rate of indirect taxes (VAT).

In the short-run, we have:

� lnP C
t = β0 + β1

(
lnP C

t−1 − lnP C∗
t−1

) + β2� lnPt

+ (1 − β2)� lnP MC
t + β3 ln�T V

t + εt (18.39)

The value of the parameter α1 can be interpreted as the share of commodity flows
of domestic origin. If the information on the decomposition of the consumer goods
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supplies is available, the value can be appropriately adjusted. Then Eq. (18.38) can
be used to estimate price elasticity with respect to indirect taxes.

Equation (18.39) can be used to determine the rate of inflation and to make com-
parisons with the inflationary target assumed by the central bank.

Many macromodels decompose the deflators of consumer goods according to
the groups of commodities and services, using the permanent components (core
inflation) rather than the transitory components, such as the prices of agricultural
products or fuel prices (those depend on the world business cycle).

The deflators of consumption of public institutions P G
t are structured similarly to

the deflators of private consumption. The deflators of inventories and their changes
have a similar property.

The equations explaining the investment goods prices, i.e. the deflators of in-
vestment expenditures P I

t , have a simple structure, because the prices usually do
not include indirect taxes. Investment expenditures are frequently decomposed into
amounts allocated to machines and equipment—here the deflators depend mainly
on the prices in the electric machinery industry and on imports—and into amounts
spent on buildings and constructions, where the deflators depend on the defla-
tors in the building industry and transport. In general, the long-term equation
reads:

lnP J ∗
t = α0 + α1 lnP

Q
t + (1 − α1)P

MJ
t + εt (18.40)

and the short-term equation has the form:

� lnP I
t = β0 + β1

(
P I

t−1 − P I∗
t−1

) + α2� lnP
Q
t

+ (1 − α2)� lnP MJ
t + εt (18.41)

where P
Q
t is the deflator of the appropriate section (or industry).

18.8.3 Equations Explaining Export and Import Prices

To specify the functions explaining export prices special assumptions about ex-
porters’ behaviour must be imposed. Following some Scandinavian models, it may
be assumed that the exporters’ role in price formation is meaningless, so the export
prices are fully determined by the world prices:

P EW
t = P W

t (18.42)

where

P EW
t is the export prices of the exporting country in the world currency,

P W
t is the world trade prices.

Many macroeconometric models assume, though, that exporters can efficiently
compete in the world markets based on their export prices. Therefore, the effective
prices of exported commodities will reflect the compromise between the world trade
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impacts (world prices) and exporters’ activities (domestic prices converted into the
world currency). When the homogeneity restriction is taken into account, the long-
run equation will have the form:

lnP EW∗
t = α0 + α1 lnP W

t + (1 − α1) ln
(
P E

t ERt

) + εt (18.43)

where ERt is the exchange rate, P E
t is export prices in domestic currency.

Allowing for the impacts of the likely shocks in exporters’ behaviour, in the
short-run the equation will be formed as shown below:

� lnP EW
t = β0 + β1

(
lnP EW

t−1 − lnP EW∗
t−1

) + β2� lnP W + (1 − β2)� ln(Pt/ERt )

+ β3� lnUE
t + εt (18.44)

where UE
t is a variable representing the shocks in behaviour.

The estimate β̂2 = 0.43 was obtained for the stability period in Poland (Welfe
2002). Ignoring the likely impact of the 2008 shock would be misleading, though.
The US dollar and euro exchange rates increasing suddenly by 20 % did not cause
any decline in the export prices denominated in the two currencies, but contributed
to higher domestic prices of domestic exports, i.e. to exporters’ surplus. This effect
could be captured by making an appropriate change to the variable UE.

t . Otherwise,
assuming in this case (18.42), Eq. (18.44) could be solved for export prices in do-
mestic currency P E

t .
Imports deflators expressed in the world currency are commonly assumed exoge-

nous. In the world multicountry models the deflators are computed as the weighted
sums of the deflators of the exporting countries’ exports to the country where the dis-
tinguished importers are based; the weights are obtained from the aforementioned
world trade matrix. The deflators expressed in domestic currency are obtained from
an identity that converts the world currency prices into domestic prices using the
appropriate exchange rate:

P M
t = P MW

t · ERt (18.45)

where P MW is the import prices in the world currency.

18.9 The Economic Mechanisms in the Real Sphere

In economic analyses based on macroeconometric models it frequently becomes
necessary to treat jointly the relations in the real sphere. In such cases the multiplier
analysis is commonly used. It helps identify the joint impacts of a single shock by
treating the real sphere as a subsystem of the national economy (Klein et al. 1999).

In the demand-determined models three major economic mechanisms entering
into the simultaneous feedbacks are typically distinguished (Welfe 2005). They are
represented by the following multipliers: consumer multiplier, accelerator, and in-
flationary spiral.

The consumer multiplier summarizes the impacts of a single shock increasing
household consumption. A rise in consumer demand (Ct ) is followed by larger do-
mestic output (Xt ), modified by appropriately expanding competitive imports of
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Fig. 18.1 Complete demand determined models. Real flows. Source: Klein et al. (1999, p. 113)

consumer goods. Growing output entails an increase in the number of working hours
and, with a lag, in the number of employees (Nt ) that is adjusted by the impact of
technology changes. The wage bill and households’ disposable incomes additionally
grow and finally consumer demand expands.

The generalized consumer multiplier accounts for relationships containing finan-
cial flows. When the government budget increases its current expenditures the con-
sumer expenditures of public institutions (Gt ) also grow, as well as the wages bills
related to public officers and old age and disability pensions, which increases house-
holds’ incomes and stimulates their demand. The domestic output grows even more
and the conditions for initiating the consumer multiplier are created.

The accelerator represents the relationships that control the investment process.
An expected increase in production capacity triggers an rise in the demand for
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Fig. 18.2 Inflation. Source: Klein et al. (1999, p. 124)

investment goods. As a result, the domestic production of investment goods grows
larger, constrained by additional imports of investment goods. Further increase takes
place in the manufacturing industries. All this leads to stronger expectations of a
production capacity increase.

These relationships are represented in Fig. 18.1.
The simplest version of the inflationary spiral is a summary of the relations be-

tween nominal wages and prices. An increase in the nominal average wages paid in
the production sector will make labour costs grow, unless neutralized by increased
labour productivity. The wage pressure will lead to an increase of producer prices
and consequently of retail prices (CPI).

This has effect on the increase in nominal wages. It is worth noting that
this feedback contains a mechanism reducing the rate of inflation, because the
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Fig. 18.3 Complete supply determined models. Real flows. Source: Klein et al. (1999, p. 112)
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aforementioned increase in labour costs is generally unrelated to the increases in
other items of production costs, such as import prices or interest rates. The likely
impacts of changing interest rates and exchange rates will be discussed in the last
chapter. Let us note that this system of wage and price equations, additionally en-
riched with the equation explaining the exchange rate, can be treated as a system of
simultaneous equations. Hence it can be the subject of detailed cointegration analy-
sis (Welfe 2002).

These relationships are shown in Fig. 18.2.
In the supply-determined models there is no room for the above economic mech-

anisms to function. Other feedbacks are entered instead.
In the case of consumer goods markets it is supply realized through market trans-

actions. The changes in consumer demand are followed only by changes in excess
demand. Hence, there are no conditions for changes related to the consumer multi-
plier to take place. A short-term supply-type consumer multiplier will appear instead
(Barro and Grossman 1971). An increase in excess demand reduces labour force
supply—this decreases output and commodity supply, so excess demand grows even
larger. The decrease in the output can be partly offset, if the wage bill and household
incomes become reduced at the same time. In the case of Poland this hypothesis was
only partly confirmed, as the growing excess demand was followed by a declining
number of hours worked, but not of employees (Welfe 1992).

In the above models the long-term supply accelerator plays an important role. An
increase in the supply of investment goods augments (allowing for lags) the stock
of fixed capital and subsequently of output and supplies, including the supplies of
investment goods. This mechanism was a vital component of the policy of growth,
particularly in the industrializing, developing countries (Welfe 2001).

In this class of models the short-term foreign trade multiplier can be additionally
identified. An increase in exports determines the increase in aggregate imports and
thus in production and exports.

The multisectoral models may have the bottleneck multiplier for chronic con-
straints in the supply of intermediate products. For instance, fuel delivery restric-
tions may constrain output as well as the energy industry, ultimately resulting to an
energy crisis.

The above relationships are reproduced in Fig. 18.3.
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Chapter 19
The Modelling of Financial Flows

19.1 Introduction

Transactions taking place between economic agents that have been characterized
so far in quantitative terms have their financial counterparts. In macroeconometric
models they are represented by financial flows, which are obtained by multiplying
the quantity flows by the appropriate deflators. This concerns the flows of final de-
mand components, the flows of production and the use of production factors.

On the other hand, autonomous financial flows take place within the secondary
distribution of national income, which are related to income creation and the realiza-
tion of economic agents’ expenditures. The emerging savings (mark-up) ensure that
the financial wealth of these agents will increase. The expenditures on commodities
and services are one of the major channels through which financial flows are trans-
mitted to the real sector (Klein et al. 1999). In general, the following institutional
sectors of economic agents are distinguished: households, enterprises, public insti-
tutions (including financial ones), and foreign sector (Welfe 1992; Juszczak et al.
1993; Welfe and Welfe 2004).

19.2 The Models of Households’ Incomes, Expenditures and
Wealth Changes

Personal incomes are important component for households’ economic activities.
They are the main determinant of their consumption, which was referred to in
Chap. 16. Because of this, macroeconometric models devote much attention to the
generation of personal incomes, providing quite detailed descriptions of their range
and particularly of their sources.

The national accounts distinguish the institutional accounts, which contain the
nominal gross disposable incomes of households. The net incomes are obtained by
deducting taxes and obligatory social contributions.
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In terms of their sources of origin, personal incomes are heterogeneous aggre-
gates. The following components are usually distinguished: labour incomes, in-
comes of entrepreneurs, incomes from agriculture, transfers from public institutions
(social services) and property incomes. Further decomposition of incomes depends
on how complex a model is to be and on the availability of statistical data (Welfe
1993).

Gross labour incomes (i.e. incomes before tax) YPWB
t are obtained when the av-

erage wages before tax WPB
t are pre-multiplied by the number of employees Nt :

YPWB
t = WPB

t · Nt (19.1)

In the multisectoral models labour incomes are determined for particular sections
and then added up.

The net labour incomes (i.e. after tax) YPW
t are determined by deducting personal

tax T W
t :

YPW
t = YPWB

t − T W
t (19.2)

The incomes of entrepreneurs (excluding farmers) YPPR
t represent special forms

of participation in profits (dividends), which can be either direct or indirect. Hence,
in the long-run we have:

YPPR∗
t = α0 + α1ZPN

t + εt (19.3)

and in the short-run:

�YPPR
t = β0 + β1

(
YPPR

t−1 − YPPR∗
t−1

) + β2�ZPN
t + εt (19.4)

where ZPN
t is net profits (after tax).

If information on the level of profits is unavailable or unreliable, then symp-
tomatic variables correlated with the level of profits are used, such as total receipts
or value added.

Farmer incomes are estimated in a similar way. However, information on profits
from agricultural activities is frequently not available. Then the most frequent symp-
tomatic variable is value added generated by these activities, which is the source of
consumer expenditures.

Transfers from mainly public financial institutions YPS
t are an important com-

ponent of personal incomes. The transfers primarily cover old-age and disability
pensions YPE

t , payments from social security funds, including payments to the un-
employed, student scholarships and grants, payments from special funds and others
YPSP

t .
The level of old-age and disability pensions is regulated by law or agreements

made with insurance companies. The implication of the applicable regulations hav-
ing their main source in the concept of inter solidarity is that the insurance funds are
to a large extent dependent on the subsidies from the government budget. In a few
countries (for instance Chile and Poland) a different principle was implemented,
which requires that obligatory direct payments be made from the wage bills to the
funds and links the payments with employees’ individual capital accounts. Regard-
less of which solution is used, the level of pensions depends on the level of wages
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paid over a predetermined period and on the duration of employment. It is reviewed
(indexed) annually to address a living cost increase and, to some extent, the growth
rate of average wages (cf. Welfe and Welfe 2004).

Therefore, the average level of pensions in a given year can be determined from
average wages paid in that and the preceding years, adjusted for changes in the level
of living costs. An equation approximating this relationship may have the following
form:

WPE
t = α0

(
S∑

s=1

hsWPB
t−s

)α1

eα2(P
i
t /P i

t−1)+εt (19.5)

Other transfers are related to average wages more or less directly. The relation-
ships can be approximated using the following equation:

WPSP
t = α0

(
WPB

t

)α1eξt (19.6)

Total transfer incomes can be obtained by pre-multiplying the average transfer
income by the number of recipients. While the number of pensioners (Lt ) is gen-
erally known, the number of other recipients fluctuates, hence an approximation
relating the total value of the transfers to the wage bill is used. We then have:

YPS = YPE
t + YPSP

t = WPE
t Lt + β0

(
YPWB)β1 (19.7)

The property incomes of households depend on the interest rates on bank deposits
and securities, dividends from equities, etc. Therefore, these incomes are determined
by the nominal interest rates on deposits (RD

t ) and average earnings on bonds and
stocks (RA

t ), as well as by the volume of deposits BPDE
t and stocks (BPAO

t ).
It can be assumed that in the long-run the total property incomes YPDA

t will be
represented by the following equation:

ln YPDA∗
t = α0 + α1 ln

(
RD

t BPDE
t−1

) + α2 ln
(
RA

t BPAQ
t−1

) + εt (19.8)

In the short-run, unexpected shocks may occur, represented by variable UDA
t :

� ln YPDA
t = β0 + β1

(
ln YPDA

t−1 − ln YPDA∗
t−1

) + β2� ln
(
RD

t BPDE
t−1

)

+ β3� ln
(
RA

t BPAO
t−1

) + β4U
DA
t + εt (19.9)

The nominal gross personal, disposable income of households (before tax) (YPB
t )

will be obtained by adding up its components:

YPB
t = YPWB

t + YPPR
t + YPS

t + YPDA
t (19.10)

The nominal net personal disposable income of households (after tax) YPt will
be derived by subtracting the personal income taxes and obligatory payments to the
social security funds T W

t :

YPt = YPB
t − T W

t (19.11)

Some macromodels use simplified relationships, mainly due to data scarcity.
They relate personal disposable incomes to labour incomes and property incomes.
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To determine the real disposable incomes (Yt ) the nominal incomes are divided
by the appropriate deflator (PY t ):

Yt = YPt /PY t (19.12)

The nominal disposable incomes are the major source financing households’ ex-
penditures. An additional role as a source of households’ receipts is played by con-
sumer credits (KPD

t ). Both components constitute households’ disposable funds.
They are mainly used to purchase commodities and services (CPt ), then to repay
credits (KPDS

t ) and to pay taxes (T W
t ). An increase in savings (�OPG

t ) is residual.
This process is represented by the following balance equation:

YPB
t + KPD

t = CPt + KPDS
t + T W

t + �OPG
t (19.13)

Credit repayment is usually calculated by pre-multiplying the average rate of interest
on consumer credits (RG

t ) by the lagged debt of households BKPG
t−1.

Hence, we have:

KPDS
t

∼= RG
t BKPG

t−1 (19.14)

More detailed specifications of an increase in consumer credit and savings will
be presented in the next chapter.

The saving increase is the basic component of the equation describing changes
in the net wealth covering the financial assets owned by the households (WLPt ). In
must be stressed that the notion of households’ financial wealth can be understood
differently (cf. also Chap. 16). The narrow definition contains, in addition to cash
balances, also the value of possessed securities, including bonds and stocks. The
broad definition which is sometimes used to specify the consumer demand functions
takes account of the total debt of public institutions, the nominal value of domestic
enterprises, and net foreign assets.

The net financial wealth of households is generated from the following equation:

WLPt = WLPt−1 + �OPG
t (19.15)

Their composition and changes will be shown in the next chapter.

19.3 The Modelling of Financial Flows of Enterprises

Financial flows in the enterprise sector are rather infrequently found in macroecono-
metric models. If they are present, then they are constrained to enterprises’ receipts
and the values of gross output and value added, on the one hand, and user costs and
enterprises’ profits, on the other, only exceptionally covering the capital flows of
enterprises.

Enterprises’ receipts are usually represented by the receipts from the sale of com-
modities and services, on which monthly information is available. As regards annual
information, the data on gross output QPt and value added XPt are used. The gross
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output value is obtained by pre-multiplying the volume of output (Qt ) by producer
prices (PQt ) generated in the appropriate blocks of macromodels’ equations:

QPt = Qt · PQt (19.16)

Value added is calculated as a difference between the value of gross output and
the costs of material inputs (KPm

t ):

XPt = QPt − KPm
t (19.17)

The costs of material inputs can be decomposed to distinguish raw materials and
materials of domestic and foreign origin:

KPm
t = aK

t QKS
t Pt + aM

t MS
t P MS

t (19.18)

where

QKS
t is domestic output of raw materials, materials and energy,

MS
t is imports of raw materials, materials and energy,

aK
t is average unit use of domestic inputs,

aM
t is average unit use of imported inputs.

The information on the unit use of domestic and imported materials and energy is
often scarce. To cope with this, a reduced form of Eq. (19.18) is used, which contains
on the right-hand side the output values of the domestic raw-materials industries and
imports of intermediate inputs, respectively.

The user costs are composed of production costs and producer taxes (T A
t ).

The production costs (KPP
t ) contain labour costs (KPW

t ), the costs of use of raw-
materials, materials and energy (KPM

t ), fixed capital depreciation (KPA
t ) and other

costs (KPi
t ):

KPP
t = KPW

t + KPM
t + KPA

t + KPC
t (19.19)

Each of these components can be explained separately. The equations explaining
particular cost components share the assumption that they should account for the
real volume of inputs expressed in current prices. The real inputs can be obtained
from the inverted production function, as presented in Chap. 17 (cf. also Walters
1963).

Labour costs can be determined by pre-multiplying the gross average wages
(WPB

t ) by the number of employees (Nt ), i.e. as a wage bill augmented by obliga-
tory social insurance payments and wage taxes:

KPW
t = WPB

t · Nt(1 + μ1t + μ2t ) (19.20)

where:

μ1 is the rate of social insurance payments,
μ2 is the rate of wage taxes.

The equations explaining average wages and employment were presented in
Chaps. 17 and 18.
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The costs of material inputs can be generally obtained by pre-multiplying the
value of global output by the global unit material input coefficient At :

KPM
t = At · QPt (19.21)

They can be decomposed by input source as in the formula (19.19) and also
according to different sections or groups of materials.

The depreciation costs are most frequently calculated as prescribed by the law.
The rates of depreciation are commonly assumed to be predetermined and are ap-
plied to the gross value of fixed capital (KPt ):

KPA
t = δKPt (19.22)

where δ is an average depreciation rate.
Other user costs are composed of different payments, which are frequently re-

lated to the wage bill, the payments to the insurance funds and the debt service. The
equation explaining other costs can be approximated with the following formula:

ln KPi
t = α0 + α1 ln KPW

t + α2 ln
(
RP

t · BPP
t−1

) + ξt (19.23)

where

RP
t is the interest rate on short-term credits,

BPP
t is enterprises’ debt at period end.

Because the information on particular cost components is scarce, the analysis is
frequently limited to the approximate, reduced form of the relationship between the
total costs and major cost components on which information is readily available.
The components are the labour costs and the costs of use of imported raw materials,
materials and energy. Then we have:

ln KPP
t = α0 + α1 ln KPW

t + α2 lnMS
t P mS

t + εt (19.24)

The unit costs in the production sector are obtained from dividing the total costs
by the volume of output. It is worth noting that the unit labour costs may take the
following form:

KPW
t /Q = WPB

t /(Xt/Nt ) · (Xt/Qt)(1 + μ1t + μ2t ) (19.25)

They depend on the ratio between average wages and labour productivity
(Xt/Nt ) adjusted for the share of value added in gross output (Xt/Qt), allowing
for social contributions and taxes.

New research projects that came into being recently used the neoclassical ap-
proach to minimize production costs under imperfect competition. The shares of
particular cost components in the total costs have to be explained. The shares are
assumed to be the functions of relative prices in the respective and other cost com-
ponents. The costs of particular components are obtained by inverting the produc-
tion function, which allows determining the volumes of use of respective production
factors (Jorgenson 1993).

The early investigations into enterprises’ production costs that distinguished be-
tween constant and variable costs are also worth mentioning. They were mainly
based on the cross-section data (Barczak 1971; Pawłowski 1965).
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The gross profits of enterprises ZYPB
t are obtained as a difference between their

receipts and user costs. Given that prices are predetermined, they are residual. In
general, they are derived from the following identity:

ZYPB
t = QPt − KPP

t (19.26)

The net profits of enterprises ZYPN
t are calculated by deducting taxes T Z

t and
extraordinary profits and losses from gross profits:

ZYPN
t ≈ ZYPB

t − T Z
t (19.27)

Therefore, the net profits are residual. This does not guarantee that their pre-
dicted values will show satisfactory accuracy. For this reason, several researchers
attempted to explain the fluctuations in the net profits, using equations which re-
gressed the profits on the major components of receipts and user costs. This ap-
proach is of utmost importance because net profits are a significant source financ-
ing investments, household incomes through dividends, as well as social services
(Brzeszczyński and Kelm 2000).

19.4 The Modelling of Public Finances

Public finances involve the collection and distribution of monetary resources for the
national government, local governments, social insurance systems, and other public
institutions. In market economies public finances developed gradually, together with
the widening scope of public tasks. This scope was country specific: moderate where
the liberal state model prevailed, and extended in countries emphasising Keynesian
concepts or in welfare states that paid much attention to government interference
as an important instrument for reducing market inefficiencies (Brainard and Tobin
1968).

The alternative concepts concerning the role of the state and public finances gave
rise to differences in fiscal policy. Briefly speaking, the neoclassical concepts re-
quired that the policy be neutral, accompanied by efforts to keep the government
budget balanced and by measures preventing public debt from growing larger. The
Keynesian views justified expansionary fiscal policy (i.e. one allowing the use of
credit to finance public investments, etc.) and thus larger public debt.

Macroeconometric analysis is mainly interested in the government budget rev-
enues and expenditures. Local government finances and special public funds are left
aside, as the primary source of their revenues is the national budget.

The government budget revenues have domestic and foreign sources. Domestic
revenues containing incomes from taxes and other incomes are the most important.
Because the tax incomes play a key role, they are a common subject of macroe-
conometric analysis. The other revenues are either exogenous (e.g. central bank
payments) or endogenous (for instance the dividends and profits of the state-owned
firms), but these revenues are not easy to model.

The following taxes are commonly distinguished: direct taxes including the per-
sonal income tax (PIT) and the corporate income tax (CIT) and indirect taxes rep-
resented by the tax on the sale of commodities and services or the value added tax
(VAT), the excise tax and custom duties.
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For tax revenues to be estimated, their base, the tax scheme and the scope and
amounts of tax exemptions must be determined. It is also necessary to allow for
transfers made to local government budgets and special funds.

How much a person will pay in taxes is regulated by the law. This information can
be obtained from the tax administration, but the actual amounts paid by particular
individuals are usually not reported to the statistical offices. Consequently, the total
flows of tax revenues must be approximated.

The personal income tax (PIT) is a progressive tax in most cases, although some-
times linear taxes involving a flat tax rate are used. The tax rates in the progressive
systems are incremental, which means that a larger tax base (personal incomes) en-
tails higher tax payments (Welfe and Welfe 2004).

The PIT revenues BYPG
t can be estimated from the following approximate equa-

tion:

BYPG
t = α0 + α1YPB

t + εt (19.28)

where YPB
t is the gross disposable personal income (the tax base).

The marginal effective tax rate α1 can be substituted by its estimate tGt , calculated
as a difference between the average tax rate and the fraction of tax exemptions:

BYPG
t = β0 + β1 ln

(
tGt YPB

t

) + ξt (19.29)

The CIT revenues (BYPP
t ) are estimated in a similar way. These taxes are fre-

quently linear, so they are easy to compute. We have then:

BYPP
t = α0 + α1ZYPB

t + εt (19.30)

where ZYBB
t is the gross surplus (the tax base); if exemptions are not granted, then

α0 = 0.
Today the paramount source of government revenues is VAT (BYPV

t ). Its main
rate is accompanied by a range of reduced rates applied to particular foodstuffs,
books and other cultural goods. Because detailed information on the sale of partic-
ular products is typically not available, the tax base is constrained to totals. This tax
is most frequently levied on domestic and foreign consumer goods purchased by
households and public institutions. The equation approximating these relationships
treats all goods alike, assuming that the share of goods covered by preferential VAT
rates is more or less constant. Hence, VAT revenues can be determined from the
following equation:

ln BYPV
t = α0 + α1 ln(CPt + GPt ) + α2 ln BYPC

t + ξt (19.31)

The revenues from custom duties (BYPC
t ) are generally determined as the func-

tions of imports. The duty rates commonly differ depending on commodity and
import sources. The detailed information is rather scarce. Hence, an approximation
assuming that the average rates do not change significantly is used. The equation
reads as follows:

ln BYPC
t = α0 + α1 ln MPC

t + εt (19.32)

where MPC
t is the value of imports from countries covered by import duties.
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The total government revenues BYPt are usually obtained from a bridge equation,
assuming that the dynamics of other incomes and of tax revenues is similar. We
have:

BYPt = α0 + α1
(
BYPG

t + BYPP
t + BYPV

t + BYPC
t

) + ξt (19.33)

Macromodels initially treated government budget expenditures (BCPt ) as exoge-
nous or as instruments of economic policy. Today only a few expenditure items are
regarded as quasi-exogenous, i.e. the defence expenditures and the investment ex-
penditures. Other expenditures are usually endogenized.

The budget expenditures can be generally decomposed into rigid expenditures,
quasi-rigid expenditures and flexible expenditures that, being the instruments of
economic policy, may show strong variations. Of practical importance is their de-
composition into the current expenditures (BCCPt ) and the investment expenditures
(BCJPt ), basically treated as an economic policy variable.

The current expenditures are further decomposed into expenditures on wage bills,
pension funds, subsidies for local governments and state-owned firms, and on the
service of domestic and foreign debt.

The wage-bill related expenditures depend on average wages and the number
of employees in the public sector (cf. Chap. 18). How the allocations to pension
funds are calculated has been explained earlier in this chapter. The expenditures on
subsidies are regulated by law. Their amounts depend on the established unit norms
and the respective base (Welfe and Welfe 2004).

The expenditures on debt service (BCPI ) are approximated using the average
interest rates on credits (Rt ) pre-multiplied by the lagged value of debt (BKPI

t ) as
the explanatory variables:

ln BCPI
t = α0 + α1 ln

(
RtBKPI

t−1

) + ξt (19.34)

The current budget expenditures can also be decomposed according to the sec-
tions and industries. The budget expenditures are allocated among institutions (min-
istries) representing particular sections following negotiations, where arguments ac-
centuating the necessity to preserve infrastructure and employment play an impor-
tant role. The outcomes of the negotiations can be represented by means of equa-
tions explaining the absolute values of the expenditures on an i-th section or the
expenditures’ shares in the total level of current expenditures.

In the first case we have:

BCCPit = α0 + α1BCCPt + εt (19.35)

In the second case:

BCCPit /BCCPt = β0 + β1(1/BCCPt ) + εt (19.35′)
The results of the estimates for Poland are presented in Welfe and Welfe (2004).

19.5 Financial Flows—The Interim and Outside Links

In the demand-determined market economies financial flows between particular in-
stitutional sectors are interlinked. Financial flows taking place between households,
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enterprises and financial institutions are characterised by the following relationships
that lead to important feedbacks.

The government budget expenditures on the public sector wages, old-age and
disability pensions, and social benefits (some made through dedicated funds) in-
crease the personal, disposable incomes of households. As a result, additional per-
sonal income tax amounts flow to the budget, thus increasing its revenues. With
a budget deficit remaining constant even larger transfers can be made to house-
holds.

Owing to subsidies or tax exemptions enterprises increase their profits. Higher
corporate taxes they pay then enlarge budget revenues. As before, if the budget
deficit does not change, more subsidies can be paid to firms. These feedbacks are
called fiscal multipliers.

The transmission to the real sector induces increases in budget expenditures,
among which the increase in public investment expenditures plays a central role.
This increase starts the accelerator mechanism. Growing expenditures on wages,
pensions and social benefits that enlarge personal disposable incomes activate the
consumer multiplier. These effects may be constrained, if larger expenditures are
financed with credits (Welfe et al. 2002).

In the supply-determined economies, such as the former centrally-planned
economies, the above transmission relationships are blocked. An increase in dispos-
able incomes and consumer demand would result in an increase of excess demand,
because of the prevalent scarcity of output and production factors. A comprehensive
analysis of these relationships was provided in a study by Welfe (1990).
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Chapter 20
Modelling the Money and Capital Markets

20.1 Introduction

In the last decades the modelling of money and capital markets has gained high
status, following the increasing role of monetary policy. In the domestic financial
markets where interest rates play a central role the basic interest rate has become
the main policy instrument of central banks. In most developed countries central
banks use the interest rate and other instruments to achieve the objective of keep-
ing inflation at a prescribed level or within the prescribed limits, which in many
instances is linked to a growth-supporting policy (Klein et al. 1999).

The exchange rate fluctuations are of general importance for national economies.
In the past, central banks were regulating the exchange rate levels, but over time
they relaxed their control, first by allowing the rates to fluctuate within the pre-
scribed limits (a pegged rate) and more recently by floating them, leaving the likely
interventions in the exchange rate markets to the banks.

The problems involved in the macromodelling of the above variables will be
discussed in a broader context below. The discussion will cover the development
of assets and liabilities in the banking system and changes in the balance of pay-
ments components. The relevant equations will be introduced. According to the new,
modern tendencies in macromodelling, equations are combined into comprehensive
subsystems, which are analysed by means of cointegration methods. This type of
models for analysing the inflationary spiral has been constructed in Poland (Welfe
et al. 2007) and Norway (Bårdsen et al. 2005), and a money market model for the
United Kingdom has been presented in the monograph by Garratt et al. (2006).

20.2 The Modelling of Credit Activities

It is generally assumed that particularly in the long-run equations should explain the
demand for credits (Bernanke and Blinder 1988; Fase 1995; Calza et al. 2003). The
demand for real credits is positively related in the long-run to real GDP and nega-
tively to the real short- and long-term interest rates, as it has been demonstrated for
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the Euro-area using the cointegration methodology (Calza et al. 2003). The short-
run relationships are more complicated, as they allow for the impacts of supply. The
additional variables are banks’ domestic liabilities and net external assets, interest
spread between the lending and deposit rates, as well as credit risk. The most com-
mon is the ECM and in the case of regime switches the Markov switching ECM is
applied (Eller et al. 2010). Attempts have also been made to generate the equilibrium
levels of credits and the deviations therefrom, the latter signalling either excessive
credit expansion or deep decline in lending during financial crises, for instance in
the years 2008–2009 (Psaradakis et al. 2004).

In modelling credits much interest is given to their decomposition into long- and
short-term credits offered to enterprises and those available to households.

An important role is played by the long-term credits offered to enterprises, which
are mainly used for investment purposes. They usually complement other sources
of funding (profits, depreciation). Hence, the total value of an expected (planned)
investment can be assumed to be the major explanatory variable. Because it takes
a fairly long time to set up investment projects, the appropriate lags have to be in-
troduced. The second important variable affecting entrepreneurs’ readiness to apply
for investment credits is the costs they will have to incur, represented by the long-
term real interest rates (RL

t ). Therefore, the equation explaining the demand for
long-term credits will have the following form:

�BKL
t = α0 + α1Jt + α2

(
1 + RL

t

)(
P J

t /P J
t−1

) + BKt−1 + εt (20.1)

where

BKL
t is enterprises’ debt due to long-term credits at period end (constant prices),

P J
t is the investment deflator.

The estimated value of parameter α1 points to the marginal share of credits in
investment financing.

Short-term credits are used by enterprises to finance their current activities. As-
suming that the shares of own and borrowed funds are approximately constant, the
long-run level of debt (BKO∗

t ) can be explained as a function of the level of output
(sales) or of total costs of enterprises’ activities.

In the long-run, we have:

BKO∗
t = α0 + α1Xt + εt (20.2)

In the short-run, the borrowing costs should be acknowledged, i.e. the interest rate
on short-term credits (RS

t ) must be introduced as an additional explanatory variable:

�BKO = β0 + β1
(
BKO

t−1 − BKO∗
t−1

) + β2�Xt + β3
(
1 + RS

t

)
/(Pt/Pt−1) (20.3)

Consumer credits generally complement disposable personal incomes. Their vol-
ume that depends also on credit costs represented by the interest rate RG

t can be
affected by changes in the rate of economic stability that may be represented by a
risk premium (or a trend).

In the long-run, we have:

ln KRG∗
t = α0 + α1 lnYt + α2 ln

(
1 + RG

t

)(
P C

t /P C
t−1

)
(20.4)
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in the short-run:

� ln KRG
t = β0 + β1

(
KRG

t−1 − KRG∗
t−1

) − β2� lnYt

+ β3� ln
(
1 + RG

t

)(
P C

t /P C
t−1

)
(20.5)

where KRG
t is the level of consumer credits (constant prices).

In some countries the money illusion phenomenon has been observed. In this
case, the real interest rates have to be substituted by the nominal interest rates.

To determine the debt level of households the amount of debt repayments has to
be estimated. Let us use δt to denote the average rate of repayments; then the level
of repayments in constant prices will be (δKRG

t−1) and the debt level will be given
as:

BKG
t = BKG

t−1 + KRG
t − δKRG

t−1 (20.6)

20.3 Equations Explaining the Demand for Money and Financial
Assets

Financial flows going into the money and capital markets form the assets of a
broadly understood banking system. They consist of cash and bank deposits of eco-
nomic agents (households, enterprises, public and financial institutions) and of other
financial assets. The deposits finance the national economy via the credit system
(Welfe and Welfe 2004).

Households’ monetary assets are composed of (a) cash and call deposits at banks
(OPLG

t ), which are treated as disposable cash, and (b) other bank deposits repre-
senting households’ savings (ODPG

t ). It can be therefore assumed that:

OLPG
t = α0 + α1CPt + εt (20.7)

and

�OLPG
t = β0 + β1YPt + β2R

D
t + ζt (20.8)

where RD
t is the average interest rate on deposits.

The monetary assets are important components of households’ financial wealth
SAVPt . Other components are securities, stocks and shares. In a broadly understood
notion it is assumed that the households control total value of securities and shares
together with their claims toward the government that are equal to the budget deficit.

The equation explaining households’ real financial wealth has the following form
in the long-run:

ln SAV∗
t = α0 + α1 lnYt + α2

(
RD

t − �PY t /PY t

) + ζt (20.9)

in the short run:

� ln SAV t = β0 + β1
(
ln SAV t−1 − ln SAV∗

t−1

) + β2� lnYt

+ β3�
(
RD

t − �PY t /PY t−1
) + β4 ln PY t + ζt (20.10)
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The bank deposits of enterprises (ODPP
t ) are mainly used in handling their cur-

rent transactions. Hence, the level of enterprises’ bank deposits will depend on the
value of the enterprises’ lagged receipts:

ln ODPP ∗
t = α0 + α1 ln QPt−1 + εt (20.11)

and their increase:

� ln ODPP
t = β0 + β1

(
ln ODPP

t−1 − ln ODPP ∗
t−1

) + β2� ln QPt−1 + εt (20.12)

Likewise, the bank deposits of financial institutions, including the government
budget (ODPB

t ), depend on the value of the institutions’ revenues or expenditures.
By adding up the money deposits of the above groups of economic agents, we

arrive at the total value of assets (ODPt ):

ODPt = ODPG
t + ODPP

t + ODPB
t (20.13)

These total assets represent the total demand for money of the domestic economic
agents. When the demand of foreign agents is added, the total demand for money
in the national economy is obtained. The reduced form of the equation explaining
global money demand will have the following form:

�ODPt = β0 + β1�YPt + β2(YPt − CPt ) + β3XPt

+ β4ERt

[
(Rt − �PXt /PXt−1) − (

RW
t − �PXW

t /PXW
t−1

)]

(20.14)

where the first component stands for changes in cash balances, the second is the
difference between households’ disposable income and the value of their consump-
tion, the third is enterprises’ deposits and the last component denotes the demand
for domestic money that results from an inflow of foreign capital being dependent
on the differences between real domestic and foreign interest rates.

The total assets will be obtained from the identity:

ODPt = ODPt−1 + �ODPt (20.15)

Money supply, for instance M2, can be obtained assuming that at a predetermined
interest rate it will be equal to the demand for money as determined from (20.14).

20.4 Interest Rates

The most important role is played by the basic interest rates of central banks, which
are treated as a major instrument of monetary policy. Regarding them as an exoge-
nous variable would be misleading, though, despite the fact that their levels are set
by the central bank or the national monetary board. In most cases the institutions
take their decisions attempting to keep inflation rates within the prescribed limits,
so they analyse the macroeconomic conditions beforehand. Besides the lagged rate
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of inflation, other analysed aspects are the impacts of budget deficit, the rate of cur-
rent account balance, etc. Assuming that the rate of inflation is a crucial factor, the
following equation will approximate this relation:

Rt = α0 + α1
(
�P C

t /P C
t−1

) + ξt (20.16)

In several macromodels special rules for determining central banks’ interest rates
were used. One of the most known is the Taylor rule (Taylor 1993). In its simplest
version the current nominal interest rate depends on the rate of inflation and the
lagged interest rate:

Rt = (1 − λ)
[(

P ∗ − Pt−1
)
/Pt−1

] + λtRt−1 (20.17)

where

Rt is the basic (long-term) interest rate,
P ∗ is the desirable price level.

In countries where central banks are responsible for keeping prices as well as the
rates of economic growth at the desired levels, the problem of how to determine a
basic interest rate being the best compromise in terms of fulfilling the two objectives
has to be solved. The solution can be found by minimization of the loss function of
the central bank (Garratt et al. 2006).

Generally, the interest rates that commercial banks pay to deposit owners or
charge on credit borrowers (RK

t ) depend on the basic refinancing interest rates of
the central bank. In the short-run interest rate adjustments may be delayed. This re-
lationship is usually described using the bridge equations. In the long-run, we have:

lnRK∗
t = α0 + α1 lnRt + εt (20.18)

and in the short-run:

� lnRK
t = β0 + β1

(
RK

t−1 − RK∗
t−1

) + β2� lnRK
t−1 (20.19)

In some markets the main cause of interest rate fluctuations is changes in the
relation between money demand and supply. Then the equilibrium interest rates have
to be determined. The situation can be illustrated by an interest rate determination
process conducted by investors who may choose to allocate their disposable funds
either to machinery and equipment or to securities. To take a decision, they must
contrast the real returns they expect from their fixed capital investment projects with
the real interest rates (yields) they expect from securities. A similar problem must
be solved by investors choosing between domestic and foreign securities (Garratt
et al. 2006, pp. 71–73).

20.5 The Balance of Payments

Market transactions carried out with foreign economic agents are presented in the
respective components of the balance of payments. Current, capital and financial
transactions are distinguished.
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Current transactions account in the first place for the receipts from exports, for
the expenditures on imported commodities and services, and for the foreign trade
balance treated as residual. In most cases the exports and imports equations are
bridge equations that link the deflated values of exports and imports with their coun-
terparts that rest on foreign trade commodity flows. Additionally, the balances of
incomes from the property of production factors utilised abroad and the costs of
foreign production factors are distinguished, as well as the balance of transfers and
the balance of unclassified current transactions. The equations of the above compo-
nents are specified individually. To obtain the total balance of current transactions
the components are added up.

Capital transactions cover non-refundable receipts, debt remissions, the purchase
and sale of patents, copyright, etc. These are commonly treated as exogenous.

Financial transactions encompass foreign direct investments, foreign portfolio
investments, derivatives of financial instruments, transactions involving the use and
repayment of credits.

Because foreign direct investments have special significance in investment pro-
cesses, equations are built to explain their fluctuations that mostly arise from the
rate of GDP growth and risks premium.

Portfolio investments are important for balancing the current account, as they
narrow the gap caused by a negative trade balance. Their volume depends on the
profitability of capital inflows. Hence the major explanatory variables are the differ-
ences between the domestic and foreign interest rates and the risk premium.

20.6 The Exchange Rate Functions

The exchange rate plays a crucial role not only as a means of balancing foreign
trade transactions in the balance of payments, but also in explaining inflationary
processes and export and import changes affecting output and employment. In the
past it was one of the major instruments of economic policy. Its control function
has been relaxed over the last thirty years; the central banks first allowed it to vary
within the prescribed bands (pegged rates) and finally to float freely, its fluctuations
being dependent on the relation between demand and supply in the foreign currency
markets.

In modelling the exchange rates the most frequent point of departure is the con-
ception of purchasing power parity (PPP). According to this approach, the exchange
rate (EXt ) depends on the relation between domestic prices (P D

t ) and foreign prices
(P F

t ):

ex∗
t = α0 + α1

(
pD

t − P F
t

) + εt (20.20)

where the variables are expressed in logs.
The indices of domestic and foreign prices should cover the tradables only.
The above equation represents the long-term relationship, assuming arbitrage in

the exchange rate markets that equalizes the domestic and foreign prices (recalcu-
lated into the same currency).
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However, considerable deviations from values generated by the equation are ob-
served in both the short- and long-run. Their main cause is capital flows, particularly
the transfer of portfolio investments to countries where interest rates are relatively
high. Their inflow leads to the appreciation of the domestic currency, while out-
flow results in its depreciation. More generally, the expected exchange rate in the
terminal markets is assumed to differ from the effective exchange rate, because the
domestic and foreign interest rates are different. This approach, known as the uncov-
ered interest parity (UIP), is most frequently applied in macroeconometric models.
In empirical research, it leads to the following equation

ext = β0 + β1
(
rD
t − rF

t

) + ξt (20.21)

where rD , rF are domestic and foreign interest rates, respectively.
The above approach does not include the “fundamental” macroeconomic vari-

ables, such as GDP and money supply. To fill the gap the monetary theory of ex-
change rates is used. Within the approach we distinguish (a) the flexible-price mon-
etary model (FPMM) presented by the Chicago school (Frenkel 1976; Bilson 1978),
(b) the sticky-price monetary model (SPMM) of a Keynesian origin, where sticky
prices are assumed (Dornbusch 1976; Frankel 1979; Fleming 1962; Mundell 1963;
Hooper and Morton 1982).

The approach treats exchange rates as asset prices. All models mentioned above
use the PPP approach. In general, in the monetary models the equation explaining
the exchange rate can be written as:

ext = α0 + α1
(
mt − mF

t

) + α2
(
xt − xF

t

) + α3
(
rt − rF

t

) + α4
(
pe

t − peF
t

)

+ α5TBt − α6TBF
t + νt (20.22)

where

mt,m
F
t is money supply, respectively domestic and foreign,

xt , x
F
t is GDP, respectively domestic and foreign,

pe
t ,p

eF
t is the expected rate of inflation, respectively domestic and foreign,

TBt ,TBF
t is cumulative balance of trade, respectively domestic and foreign.

In the Frenkel-Bilson model the parameters α4, α5 and α6 are zero; in the
Dornbusch-Frankel model that allows for long-term deviations from the PPP the pa-
rameters α1 and α6 are the only ones to take 0. The Hooper-Morton model assuming
that all variables are significant takes account also of the impacts of fluctuations in
the foreign trade balance.

The monetary approach did not dominate the manner of entering the exchange
rate equations into macroeconometric models. Particularly, in the short-run the ex-
change rate volatility was only infrequently associated with the changes in the GDP
growth rates and money supply. Besides, the monthly data on the GDP were not
available. On the other hand, proposals were put forward to define explicitly the
equilibrium levels of the exchange rates and to search for factors capable of ex-
plaining deviations from the levels.
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The most natural equilibrium level seemed to be one ensuring equality between
the current account balance (CA) and the financial account balance (FA) in the bal-
ance of payments, i.e. CA = FA (MacDonald 2007).

A simplified approximation of the current account balance is a sum of foreign
trade balance and net receipts from foreign assets (NFA):

CAt = (Et − Mt) + νNFAt (20.23)

where ν is the rate of profit from foreign assets.
Let us remind that the standard exports equation has the form:

Et = XFα
t

(
EXtP

F
t /Pt

)β (20.24)

and the imports equation is:

Mt = X
γ
t

(
EXtP

F
t /Pt

)λ (20.25)

Substituting these equations into (20.23), we have:

CAt = XFα
(
EXtP

F
t /Pt

)β − X
γ
t

(
EXtP

F
t /Pt

)λ − νNFAt (20.26)

The financial account balance can be approximated by allowing for factors af-
fecting capital investments, i.e. for the differences between the domestic and foreign
interest rates and for the expectations of exchange rate changes in the future. This
yields the following equation:

FAt = Θ
(
Rt/R

F
t

)
/EXt + EXe

t 0 < Θ < ∞ (20.27)

After equalizing the current account and financial account balances given by
Eqs. (20.26) and (20.27), the equilibrium position is reached. Solving for the ex-
change rate, we obtain the equilibrium exchange rate. The solution (the variables
have been transformed into logs) is as follows:

ex∗
t = (

pt − pF
t

) − 1

Φ

(
γXt − αXF

t

) − Θ
(
rt − rF

t + exe
t

)
Φ = β + λ < 0

(20.28)

the net foreign assets are ignored and the expected exchange rate exe
t is retained to

be additionally estimated.
This long-term equation includes the PPP and the UIP exchange rate parities, as

well as the fundamental variable GDP which determines exports and imports. This
equation allows obtaining the real exchange rate (REX):

rext = ext + (
pF

t − pt

)
(20.29)

The short-term equation may include additional variables, e.g. currency reserves.
With exports and imports inserted explicitly (instead of their determinants, i.e. do-
mestic and foreign GDP), we obtain:

�ext = β0 + β1
(
ext−1 − ex∗

t−1

) + β2�
(
rt − rF

t

) + β3�(et − mt)

+ β4
(
st − s∗

t

) + ξt (20.30)
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where st , s∗
t are ratios between currency reserves and imports, respectively effective

and demanded.
The estimation of the equation parameters poses some difficulties. If the price

indices of tradables are not available, then the deflators of consumer goods are used
instead. Secondly, the determination of the optimal level of currency reserves is not
unique, so this variable is often skipped (Brzeszczyński and Kelm 2002).

Several other models of the equilibrium exchange rate were developed in the
past, accentuating different combinations of factors having effect on exchange
rates. Their parameters were the most frequently estimated using the cointegration
methodology and regarding the models composed of several equations—the optimal
control models (cf. Whitley 1994; Wdowiński 2010).

The most widespread is the capital enhanced equilibrium exchange rate (CHEER)
model, which was developed and empirically verified by Juselius and MacDonald
(2004, 2007), see also Kębłowski and Welfe (2010) for Poland. This hybrid model
combines the purchasing power parity (PPP) with the impacts of capital flows rep-
resented by the uncovered interest parity (UIP). Hence, we have:

ext = (
p1 − pF

t

) − 1

Θ

(
rt − rF

t

)
(20.31)

The behavioural equilibrium exchange rate (BEER) model that Clark and Mac-
Donald (1998) proposed represents a more general approach. It stresses the role of
specific foreign trade-related factors in determining the long-term exchange rate.
The explained variable is the real exchange rate REX. It is assumed that in the long-
run it depends on the net foreign assets (NFA), on the ratio between the prices of
tradables and non-tradables (TNT) and on the terms of trade index (TOT) (all in
logs):

rex∗
t = α0 + α1nfat + α2tntt + α3tot (20.32)

and in the short-run we have:

rext = rex∗
t − (

rF
t − rt

)
(20.33)

The subsequent models use more complicated small systems of equations. They
are solved using the optimal control methods and yield the equilibrium level
of the real exchange rate. These are the fundamental equilibrium exchange rate
(FEER) model developed by Wren-Lewis (1992) and the natural real exchange rate
(NATREX) model formulated by Stein et al. (1995).

The FEER model uses a small macroeconometric model that ensures either do-
mestic and foreign equilibria, or, in its simplified version, equality between the cur-
rent balance and the financial balance of the balance of payments. In this case the
respective equation can be written as:

REXtX
∗Fα
t /X

∗γ
t NFA∗ν

t = FAt (20.34)

where (∗) is the long-term (equilibrium) value.
J. Whitley demonstrated how domestic and external equilibria can be combined.

He assumed that domestic equilibrium can be obtained by choosing the appropriate
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value of NAIRU and external equilibrium by using a real exchange rate (REX) at
which CA is offset by the structural capital flows, i.e. CA is equal to FA (cf. Whitley
1994, pp. 124–127).

The NATREX model generates an equilibrium exchange rate that ensures equal-
ity between the current account and ex-ante savings reduced by investment. It is
composed of three equations that explain the real exchange rate, foreign debt and
capital. The exogenous variables are represented by a savings-to-GDP ratio, pro-
ductivity of capital, long-term real interest rate and terms of trade in small open
economies. The model has been verified in many research projects.

20.7 Equations Systems

Processes taking place in the money and capital markets can be jointly analysed
within separate submodels, where the markets are linked with the rest of economy.
The examples of these submodels are the models stressing the role of exchange
rates, which were mentioned in the previous section. Other models show the links
between the exchange rates, interest rates, the prices of commodities and services
and wages, entering the inflationary spiral mentioned in the previous chapters. Inter-
est rates that represent the debt service costs indirectly contribute to price changes,
like the exchange rates. On the other hand, they depend on the rates of inflation.
These relationships are simultaneous and represent important feedbacks.

They can be jointly analysed using the cointegration methodology. Let us men-
tion at this point numerous empirical contributions from the Łódź Institute of Econo-
metrics. The most representative among them is the model presented in the paper
by Welfe et al. (2007). In this small system of equations for Poland the producer
prices depend on labour costs and import prices. The average wages are determined
by prices and labour productivity. The import prices depend on the world prices and
exchange rates, with the latter being determined by the ratio between domestic and
world prices.

The model distinguishes four long-term stochastic equations and one identity.
Because most variables are non-stationary, the equation parameters are estimated
using the maximum likelihood method.

The links between prices and wages were a subject of thorough analysis con-
ducted for the Norwegian economy, which utilised the cointegration approach
(Bårdsen et al. 2005).

At the beginning of the 21st c. a system of equations linking the monetary and
capital markets in the United Kingdom was built, summarized then in the mono-
graph by Garratt et al. (2006). Its major long-term relationships explained the pur-
chasing power parity of money, the desired interest rate parity ultimately determin-
ing resource allocation between financial and real investments, and the interest rate
parity determining the allocation of resources between domestic and foreign assets.

This submodel is special in that the UK variables are directly linked to the re-
spective variables for the world economy, following the common trends hypothesis.
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Chapter 21
Prospects of Macroeconometric Modelling

Macroeconometric modelling has become a well-established field of applied
macroeconomics and a worldwide activity involving empirical research into the
functioning and growth of national economies. The use of macroeconometric mod-
els in forecasting and simulation analyses of the likely economic policy outcomes
has expanded to the majority of countries. The models have become an important
instrument of worldwide analyses and forecasts conducted by international organi-
zations and renowned research institutions, as well as central banks of many coun-
tries.

The above factors have stimulated the expansion of a vast “industry” of macroe-
conometric modelling. Its centre has shifted from academic institutions to public
authorities—governments, central banks and in many industrialized countries to
commercial organizations. This tendency is likely to continue into the future. The
academic institutions seem to be constrained in handling small macromodels that
require further development of efficient estimation techniques based on the cointe-
gration methodology.

The development of the models’ structure has been characterized by rivalry be-
tween the “old” mainstream structural models of macro-Keynesian orientation and
the new models, i.e. the dynamic stochastic equilibrium models of neo-Keynesian
orientation. The first type still predominates among the large macroeconometric
models operated in most countries. The DSGE models founded on solid theoreti-
cal microeconomic foundations are more or less experimental and at some point in
the future they may perhaps substitute the structural models.

The neoclassical pressure gave microeconomic orientation to the internal struc-
ture of many macroeconometric models after the household and enterprise sectors
were distinguished. However, the question about how the sectors should be posi-
tioned within the whole economy has not been successfully answered so far. The
attempt at finding a solution is presented in Chap. 18 of this book.

Two different lines in the development of macromodelling activities are worth
stressing. One is the tendency towards building large macroeconometric models,
frequently counting in excess of 30,000 equations in the case of multicountry mod-
els. This tendency extends to the one-country models, if sectoral or regional dis-
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aggregation is of practical importance. The other line involving the construction of
one-sectoral models being either replicas of large models or representing theoreti-
cal issues is mostly seen among academic centres. These models may be applied to
particular areas of economy, such as inflation or money markets, where the cointe-
gration techniques can be applied.

There are important questions that still need to be discussed. They concern the
problem of dealing with a structural change. The information that is increasingly
available from the cross-section data may occur helpful in this case. The role of
rational expectations and of the learning process still needs to be clarified, taking
into account the achievements of social psychology. The role of stock variables (e.g.
wealth in consumption) has to be stressed.

Macromodellers tend to reduce exogeneity by extending the scopes of the mod-
els. The use of the engineering functions allows explaining the impact of technical
progress. This has opened up the door to broad analyses of the impacts of inno-
vation and technological progress in determining total factor productivity, breaking
the path to endogenize the growth theory empirically.

A fruitful and fast-developing field of research is the modelling of money and
capital markets and particularly of exchange rates. This research is promoted by
central banks, which are interested in having models capable of monitoring mone-
tary policy impacts.

Macromodels are extended in cooperation with the I-O modellers to cover the
sectoral and environmental issues. The demographic sector is frequently included
incorporating the health sector. The impacts of human capital and, more recently, of
social capital are a new promising area of research.

Most macromodels employ new estimation techniques developed at academic
centres, which mainly involve the use of the cointegration approach. The two-step
Engle-Granger procedure that allows distinguishing between long-run relationships
and short-run adjustments is broadly applied. More complex cointegration tech-
niques are used to estimate the small-equation subsystems. The question about how
to combine small subsystems into a large system covering a whole national economy
still remains to be answered. The applications of the Bayesian estimation methods
have recently developed.
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