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PREFACE 

In recent years the wi de spread applicability of time 
series analysis as a tool for modelling dynamic systems, 

and forecasting the behaviour of the output of such systems 
has given it a better r ecognition and importance. 

In part i cular , time series analysis has a practical 
application in explaining the different structures of agri­
culture: crop productirn , area under different crops, yield 

of different c r ops , prices of agricultural products, marke ­
ted production , cost of crop production, livestock , c onsum­

ption of agricultural products, income and expenditure of 
rural populat ion, nutriti on, etc . These type of data are 

the most important source of informati on on the characteri­
stics features of the develnpment of agriculture and on the 

changing relati ons among economic, social and natural phe-
nomena . 

In Ethiopia, the peri od for which we have time series 

data on agriculture is very short . 'lie have time series da­
ta on: crop production, area under different crops and yield 

of different crops for the last 6 years (1974/75-1 979/80 ); 
prices of agricultural products (retail pric e) f nr the l ast 

20 years and cost of crop production for three years. How­
ever , the new FAO/UNDP project: "Integrated System of Food 

and Agricultural Statistics", which will be launched in Ju­
ly 1980, will c onduc t agricultural surveys regurally to de­
velop a system of statistical analysis for planners and 

other users . Therefore , it is necessary to start devel~ping 
and applying time series analysis in our agricultural pro­

blems for it is one of the important statistical methods 
used for these purposes. 

There are two approaches to statistical analysis of ti ­
me series data . First, it is analysis of the behaviour of 
singular time 

ssible future 
series in order to assess its present and po­

development . The second approach is analysis 
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of interpretations between many time series variables expl o­

r ed through the simpl e and multiple regression analysis. 
I n pr i nc i pl e , the main topic of this publication is uni­

variate time series methods. By uni variate anal ysis we mean 
description of the historical and future time series data in 

terms of its previous values and/or in terms of mathemat i cal 
funt i ons of time variable t. Such methods seem to be hi ghly 

useful in agricultural ana l ys is. The uni var i ate approach pro­

vides the methodo l ogy for analysing of trends and measures 
of periodical va r i at i on i n time seri es with short-term (mon­

thly or quarterly ) observations and for forecasting of t i me 
series with monthl y , quaterly and annual observations. Uni ­

variate time series methods may be app l ied also to data sho­
wing changes of agricultura l production, yield and area un­

der crops by region, i . e . to time seri es cross- section dat a . 
The advantage of this approach is that to pe rform any f or e­

cast , it doeas not require supplementary data on other phe­

nomena infuencing the for ecasted one . 
This publicat ion consists of thr ee chapters. Chapt er I 

contains the basic information on the linear correlation and 
regression between two variables and on the estimation pro­

bl em necessary for explaining the top i cs cover ed in the r e­
maining chapters . 

In chapter II, the methods of time series decompos i t i on 
a r e presented . The method of seasonal adjustment may prove to 
be useful fo r analys is of dat a on market and wholesale pri­

ces of agricultural goods . Anal ys i s of actual trends of pri­
ce s as well as their seasonal var i at ion may ser ve as an au­

xiliary to-I fo r the assessment of food situation at wer e­
da , awr aja and r egional level . 

The diff erent meth. ds of forecasting are described in 
chapter III , and they may pr ove particul arly useful in fo­

r ecasting crop production , y i e l d of d i fferent crops and area 
under thes e c r ops at the countr y and r egional l evels. Of cou­
rs e , i n some fields of statisti cal anal ysis, r egression ana-
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lysis methods, particularly multiple regression ones, are 
irreplaceble . Econometric models are part icularl y useful 

when we would like to reveal or know more precisely the re­
lationship among economiC, social and natural phenomena, and 

when we want to estimate the possible answer of investigated 
variable on the change of other variables. The introductory 

information on the multiple regres sion models and hypothe­
tical models for crop production and a rea under crops are 

includ ed in chapter III as its final part. ' 
This publication was prepared by Dr . Stefan Giembicki, 

FAO Consultant in Time Series Anal ysiS , under FAO/UNDP Pro­

ject ETH/73/004 . The author spent 9 months in Eth i opia in 
1979, during which he gave series of l ectures on time se­

ries analys i s methods for the partiCipants from different 
institutions . He has been working in the Research Centre 

of the Central Statistical Offi ce , Poland, since 1966 ,and 
has published a number of papers on time series analysis . 

\, e hope that this put l ication will be useful for the 
users of agricultural statistics . Any comments that would 

help us to improve the quality of our surveys and analys iS 

are most welcome . 

Addis Ababa , December 1980 

Ghebre - Se l ass ie Mebrahtu 

.' -; ;. " .. I .j:_ 
~ \ _ I. , _" . 

Head of the Statistics Section 
l 

Planning and Programming Department 



CHAPTER I 

LINEAR ADl:;;OCIATION BETWEBN T\iO VjillI ABLES 

1.1. INTRODUCTION 

Economical and statistical analysts are very often 

inter ested in the r elationship between pairs of varia­

bles. To understand such relationships, we should d is­
tinguish between two different kinds of question which 
could be asked. 

1 ) Is ther e any evidence of r elationship (or association) 
bet\veen X and Y? 

2) If we are able to specify the form of the relation­
ship between X and Y (for example a linear rel ation­

ship Y= a + bX) how we can estimate the parameters in 
the relationship from a sample of obs ervations? 

The answer to the first quest ion is explored through 

correl ation analysis. The second type of question is dealt 

with · regression analysis. we confine ourselves to the 

simplest c ase of the association between two variables X 
and Y. 

It should b e noted , tha t the first question , above , 
does not specify any form for the r elationship between 

X and Y. In particular it does no t sp ecify the direction 
of causality between Y and X. This is important point, . 
tha t the correl ation analysis technique s are designed to 

measure the degree of association between X and Y and 

they cannot be used to prove that a causal link exists 
between X and Y. 

= 1 = 
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In discussing the association, we shall consider 
the case i n which X and Yare associated in a linear 

fashion. ~here are marc gen~ral t ests for association 
which does not assume linearity. 

1 . 2. T1lli CURRELATION COEF]'I CIENT 

To illustrate devel opment of a measure of associa­
tion we shall analyse t he following (hypothetical) data . 

We have data on the use of f ertilizers ( in kilograms 

per hectare) and yi elds of wheat (in quintals per hec ­

tare) from t he r andom sampl e of 20 farmers. 

Tabl e 1 

i 

1 

2 

3 
4 

5 
6 

7 
8 

9 
10 

Us e of f ertilizers and yield of wheat for a sample 

of farms 

Use of fert - Yield of Use of fer- Yield of 
i lizers wheat i til i zers wheat 

(Xi) (Yi ) (X . ) 
l 

(Y. ) 
l 

10 8 .7 11 2 7.5 
15 16.0 12 0 8.4 

5 10.1 13 1 6.2 

3 7.6 14 8 19.0 
11 17.0 15 7 13.0 
10 18.5 16 4 8 . 9 
14 26.0 17 12 15.0 
20 29.0 18 9 18.0 
16 27 . 0 19 21 31 . 0 

6 15.5 20 13 22 . 0 

AS the fir s t step in the analysis we may examine the 
dat a visually by plotting them i n a scatter diagram. 

~his is done in Fig . 1 , where there does appear to be 
some positive association between the level of appl i ed 
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fertilizers and yields of wheat, because for bigger 
amount of fert i lizers corresponds in general, higher 

yield of wheat . 
3Q~Y 

20 
Y 

10 

------:--~--.--- ... - -

2 If o 8 10 12 f4 ·"1'6 18 2'0 ~X 
Fig. 1. 
Bcatter diagram of data from Table 1. 

We may state that points in Fig. 1 are dispersed and 
that positive association between Y and X is association 

between two dispersed variables. It means that each value 

of Y variable corresppnds .not wi th one anli ·onl y ~ 
one value of Y variable but also with some sub- sample of Y 

variable observations. Bimilarly each value of Y variable 

may be accompanied by a set of X variable values. 

Dispersion of the statistical variable i s measured as 
dispersion around its mean value. In Fig. 1 a straight 
line parallel to X axis intersect Y- axis at the point 

20 ,--, 

Y = k2Ji 
~=1 

= 16 . 2 qt/ha 

which is arithmetic mean of variable Y. 

l:>ample variance 

S2 
Y 

? 

(1 .1 ) 

/ 1> 

(1.2) 
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shows "ha t i s average squared d istance bet,"leen observa­
tions of the variabl e Y and its mean value calculated 

on the base of a sample. 

bample standard devi ation 

s = y 

.., 1 20 
1\ 

JIJ-1' / (y . 
._ .....J l 

i=1 

_ 1)2 (1.3. ) 

shows aver age dispersion of the Y variable observations 
about its mean calculated for the sample of observations. 

To obtain a numerical me asure of the degree of 

linear association we pr oceed as follows: 

1) Calcul ate the 
(obtaining X 

arithmetic means of the v ariab l es , 
= 13 . 25 kg/ha and y = 16.2 . qt/ha) . 

2) Transform our observations t o devi ati ons from the 

sampl e means defining xi = Xi-X,and Yi = Yi. - Y ,),.., 
i = 1, 2, • •• , 20 . The ne'W' variables Xi and Yi 
may be i llustrated geometrically as in Fi g . 2. 

f 

t---t-----------:-----
I 
r 
I 

1._--' _.~_-- ' 

Fig . 2_~catter d i agram of devi ations from the sample 

means (xi ' Yi)' 
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In F i g .2 the c: :,gi n of the ax).s i.s point (X, Y ) . 
The (x. , Yi ) po i nts are distribl.:ted between the 

J. _. 

four quadrants of the X, Y axes ,. These Ciuadrants we 

shall number I through IVo 

Since x. and y . arc deviations from the (sample) 
J. J. 

means they will take both pos i tive and negative values 

dependi ng on the quadrant in which they occur, as will 

the products x i Yi 0 In quadrant I both Xi and Yi 

will be negative, so that the products }:i Y i will be 

positive.In quadr'ant III , x i and y" are positive, _ .1. 

so that the produ cts x · y. are positiveo 
J. J. 

On the other hand i"l quadl'antc II and I V e ither 

Xi or Yi will be pos i tive (negative) when the other 

is negative (positive), so that the ::?roclucts Xi Yi 

will be neg5i t i ve in this bro quadrants ,. 

The s i gn pattern of xi'Yi sugg-ests a numerical 
me asure of associationo If t1:J.8re is R. po.si tive asso­

c i ation between x and y we would expect a high propor­

t i on of ( Xi Y i ) points to fall in qU2.dr auts I and 

III, and hence a sum of pl'cduc ;;R x . Y i '.Jill be l _ 

positive . If there is a negp.tive a.ssoc i a.t ion betvleen 

x and Y we would expec·t most of the (x. y . ) to fall 
._ J. l 

in quadrants II and IV' and hence LXi Y ' vli ll be neg?l-. _ J. 

tive . If there is no association between x and Y we 

would expect to f i nd the ('Xi y i ') points scaJ;tered over 

a ll four qu adr ants, with positive and negative x . y. 
" J. J. products tending to cance l out so that ) x · y . will 
- J. J. 

tend to be c l ose to zero o 

However l. Xi Y i i s a rather crude measure of assoc ­

i ati on because it depenris not only on the strength of 

association but on the sampl e size too. 'I'[e may counter 
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this by considering not X. y . but its mean value J. J. -

~ L x. y. 
J. J. 

but this still leaves us with a verify problem of 

inter pr etation because the magnitude of ~Xi Yi 

(1.4 ) 

depends on the units of measur ement of the variables. 
For example )" x. y . = 800 and \ x . y . = 8 could actually -- J. J. L.. J. J. 
r efer to t he same variable if i n the first case x is 

measur ed in metric quintals when i n the second in kilo­

gr ams. The probl em of units of measur e may be solved 
if the average sum of products (1.4) i s divided by the 
product of ~he standard deviations of the variables, 

Sx and Sy . The ratio which results from these opera­
tions i s called the coeffi cient of correl ation , r 

r = LXi Y i (1 .5 ) 

n SXSy 

where 

Sx = VI ( Xi - Xf /N 

so that 

LXi Yi 
r = \If 2I 2 

Xi YJ. 

Sy =VI(Yi -.~ yf/N 

11- lr computation t he following al ternative way of expre­
ssing r i s convienient 

, LXi D i 
LXY . - N 

r = J. J. 

• ~ 2 (IX i )2 r~ 2 YLX i - N \LYi -

(1 .6) 
(I y.'}Z 
. J. 

N 

, 
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The coefficient of correlation is a pure mumber(with­

out units) lying in t he range -15r~1, taking the 
values ± 1 "Then all the points lie exactly on a stra­

ight line , the sign dependi ng on whether the line has 
a posit.ive or negative slopeo 

For the negative association bet1-:een x and y coeffici ent 

of correlatiow is negative ( r<:o) for the positive 
association, r> 0 c 

For assessment, if correlati on coeffi c i ent within 
( - 1, 1) border shows s i gnificant association special 
tests were developed. However, it is not the subjectt 

of our work to present t hese ;-tests, Readers i nterested 
in the topic may find it in manuals of statistics, for 
instance [1 , 4 , 10J 0 

We will confine ourselves to the statement that relia­

bility of r measure depends, amon~ others, on the size 
. of sample < For small sample the cal cula;ted correlat ion 

coefficient value may be influenced by chance,differi ng 

strongly from the true correlation coefficient between 
variables X and Yo 

The sample correlation coefficient is conceptually 

simple and is easy to comp~te , but its interpretation 
does require some care 0 In the f :i.rst place, as has 
a lready been mentioned, the correlati on coeffi cient 

measures the degree of linear assoc i ation between X 

and Y 0 Thus) if we t ake r as non·-significant We havEE 
not ruled out the posaibility of a strong non linear 

relat i onshi p between x and yo The latter case must be 
invest i gated by other methods, the simplest of whi ch 

is to pl ot the data in a scatter diagram. For example, 
the reader may plot x and y where y = x2 and x = -4, 
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- 3, - 2 , - 1, 1, 2, 3, 4 and calculate the correlation 
between x and y. Tests for non linear associati on are 
presented among others in [4, 10J. 

The second problem which has also been mentioned al­
r eady is the danger involved in interpretting a strong 
association as a causal relationship. A high correla­
tion between X and Y does not prove that X c aus es Y or 

viceversa. Here we may distinguish two situations 

I II 

x ~Y x fiY 
~z/ 

In situation I, X and Y are causally linked and we ob serve 
Y increasing (decreasing) because X is incre~sing (decre ­

asing). In situation II,X and Y are not causally linked 

to each other, but both are positively linked to a third 

variable Z. Thus if 2 increases, both X and Y increase 

and we observe a high correlation between them. This 

kind of correlation is named " spurious" correlation. 

Often , when the observation on X and Y are collected over 

time a good example of ~ variable is the growth of popula­
tion. 

The one important thing here is that sometime not 
too much weight should be placed on a significant sample 
correlation coefficient in isolation, since to establish 

caus al linkage one may require a considerable amount of 
further research. 

1.3. SIMPLE llliGlllidtiIUN ANALYtiIS Al'TD LEAtiT ti,oUliliEd METHOD 

\ve turn now to the estimation of the parameters in 
a relationship between a two variables, i. e. some varia­
ble Y is a linear function of a single explanatory vari­
able X. To illustrate the estimation of a linear r e-
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l ationship consider the d ata on yi eld of wheat (Y) and 
use of fertilizers (X) , that we reported in Table 1 . We 
shall suppose tha t there may be a linear r e l ati onship. 

Y. ; a + bX . + e . 
1. 1. 1. (3) 

wher e errors e . r eflect the f act that we expect discr e -1. 

panc i e s be tween adjusted funct ion and observati ons Y, 

bec ause of ano ther variabl es than X i nfluence Y but ar e 
not i ncluded into model • 

• 'e .have d ata on the X and Y but errors e. ar e unob -
1. 

servabl e • .t'arameters a and b are unknown and our objec t 

i s to es timate them from our data. The scatter d i abram 
for these two vari ab l e s is r eproduced in Fig. 3 in 

which strai ght line l ab elled a + bX r epr es ents the 
(unknown) true r e l ationship . 

y ti 

... ~. r~ ~- .-:~ 
.... ~ \ " -~ - Q ~ 'Q"'I-
-* ""'" . 

, - ~" I} . 
; ei.. 
~ 

• 

~. 

X .• 

l!'i g . 3 . Data from Tabl e 1 , and a f itted strait;ht line • 

..t'oints of this s trai ght line deter mi ne t he r el ation betwe en 
X and Y vari abl es . Our object is t o draw some strai ght line 
which i s ffil est imate of a(a+bX) line . Denote this fitted '" ~ 
line as Y ; a + bX (on fig 3 dott ed line) . Differ enc es 
be tween the obs ervat i ons Y

s 
and fitt ed l i ne 

~ 

Y. - Y. ; e. 
1. 1. 1. (1.4) 
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are called r esiduals . 

1he s i mpl e effective and accurate method for the estimation 
of a ffild b parameters is method of least squares. 

l'he me t hod of l eas t squares accompl ishes tvlO obj ecti ves : 

1. The sum of the vertic al deviations of the observed values 

from the fitted straight line equals zero. If a vertical 

linGS wor e to be drawn , as in Fi g .3, from each Y value to 
the straight line , t he vertic al line s extending upwards 
f r om th" fitted line Ivould exactl y balance those ext endi ng 
downwards . This fitt ed line i s no t t he only strai ght line 
from which the algebraic sum of the d evi ations equals zer o ; 
as a matter of fact, any strai ght line (other than v ertic al ) 

- -
which pas s es through (Y , X) poi nt fulfils this r equirement. 

2 . ~he sum of the square s of all thes e d evia tions i s l ess than 
the sum of the squared vertic al d eviations from any other 
strai~ht line or in other words the sum of the squares of 

t h i s d evi ations is minimal. This is the r eason why the 
me t hod of fitting is called the method of l eas t squares . 

Thi s r equir ement may be presented as follows : 

D= L E\ = ~ (Yi - Yi)2= mi nimum 

or 
D= L (Yi - a - bX)2 = minimum ( 1 . 5) 

The sum of squares D d epends only on the adjusted values of a 

and b par!1Illeters (Y and X are data) . The r efor e we should find 

such a end b which will mi n i mize the sum of squares of D. 

}<'rom the mathemat i cal analysis r esults that the necessary 
condit ions for the function D to be minimized is 

wher e OD 
0"­

r espectato 

~ = 0 and C) D = 0 
o a """"CSlJ 

(1.6) 

and 0 D arEfpartial derivatives of function D with 
a andaS. Thes e give the 2 normal equati ons for a 

aIld b , namely , 
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''::-Y. = N + b 2:X. L l l 

') Y.X. = aLx. + b Ix~ 
- l l l l (1 .7 ) 

solving this s e t of equat ions with resp ec t t o a and b 
we find : 

LY .X. -
IYi ~X . _ l 

b = l l N 

Ix~ -
( Ix. )2 

_ l Nl 

a = Y - bX 
wher e Y = 1 L Y - 1 -" (1 . 9) 

:rr i ' X = N) x. 
- ' l 

l= 1 , 2 , ••• , N 

-~ditionally we s ee tha t if we divide through the first 
cquution i n (1 . 7) by N we obtai n 

y= a + bi 
that is , the least squar es estimates ar e such that the estima­
ted line passes through the point of means (Y, X) . 

Using formul as (1.8) , (1.9) we p,:..t t he foll owing.:..re:1aU;anship 

b etween yi el d of wheat and use of f ertilizers in our exampl e : 

- paramet Grs: 

0.= 5. 5 b= 1.14 
- regr ess i on equation 

Yi = 5. 5 + 1.14X
i (1.10 ) 

- coeffici ent of correl ation b e tween X and Y i s r =0.898 . 

Tclcing f i tted funct i on (1 . 10) as appr oximation of r eal 
rel ation between Y and X we may find for every value of used 
fertilizers i . e . for ever y v alue of X variable within its 
r ange of variability , corresponding yield of whe at. 

"' 
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ESTTI1ATORS 

~conomic and social phenomena are stochas tic by their 
n ature 0 It means that every observation of economic or 

social variab l e consists of two parts : 1 ) r eal parts, 
i oe o l ev e l common for all obs ervations and r egular 

changes of the l evel , 2) individual feature s of obser­
v ations or in other words r andom variability around t he 
r eal p~t o 

Regr ess ion model should includ e variables exp l aining 

~ener~tion of the r eal part of the variable excluding 

f actors causing its individual (random) variability o This 

i ndividual variability is included into r egres s i on equa­
tion as unobservabl e r andom error t er mo 

It is as sumed in r egr ession analysis that error t erm 
should fulfil fol101,ing conditions: 

""(e . ) = 0 
J. i= 1 , 2 , 000 , N (1 010) 

.. 2 62 
(1 011) E(e.) = 

J. 

£(e . e .)= 0 
J. J when i ", j (1012) 

where E is symbol of expec t ed value (see [1] , [4 J ) 0 

The f i rst assumption is that ei are random vari ables 

h aving zero means , i mp l y i ng that Ys are randomly dis ­
tributed around the true r el ati onship so that E(Y . ) = 

J. 
B(a + bX. + e .) = a + bX. o Assumption (1 011) i mplies that 

J. J. J. 2 
ei r epr e s ent random vari abl es with the s ame vari ance 6 
and o.s sumption (1 012) shows that covari anc es between 
r aTJ.doLl vari abl es e ., e . , i r= j are e qual zero , then this 

J. J . 
vari ables are independ ento 

~-
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llddi tional assUlllp tion is that expl ai ning vari able X 
re~resents a set of const~Dt v alue s what i mpli es tha t 

only sourc e of random vari ability in variable Yare random 

errors e . • 
l 

The parameters a and b estimated by means of leas t 
squares 
varianc," 

are line ar, unbi ased and h av e property of minimUlll 
(compare [1 0J , pages 137- 140 ) . The first proper -

ty mGClnS 

variable 

that a and b are linear function of dependent 

Y. 'l'his prop ertly has practical i mplicati on 

n amely it simpl i fi e s derivation of statistical measure s of 
accur o.cy(compare [10J , pp.140- 144) . 0econd property means 

t h a t es timated parameter mQY differ f rom true parameter 

only r andoml y . The l ast p roperty is that out of the class 
of lin ear unb iased es timators of a and b, a and b h av e the 
smallost sampling varianc e . Least squares estimators have ) )/ 

v;b'ove prop erti es ev en if some of the assumptions (1.11) ­
(1 . 12 ) ar e not fulfil ed . If we impose additional condition 

for e . terms, tha t r andom errors come from nor mally dis -
l 

tributed r aDdom variables it is possibl e to dev el op tests 
for hypo thesis about statistical s i gnificanc e of the p ar a­

met ers aDd to construct , limits wi thin \'{hose true p ara­
met er s should be found Iii th a hi gh prob ability (compar e 

[1J [10]) . 

1 .6 . GOODIrBo..> OF PIT 

If assUlllp tions about error t erm in r egression equati on 

are fulfiled it can be proved (see [10J , p .142) that 
r es i du a l s 

e. = Y . - Y. l l l 
are Ul1biased estimators 

= Y. -
l 

of the 
mean equals. l. z"ero. Ther efor e i t 
p .1 50) tha t ',;{;J;:bi ased sl! t i mator 

a - bX. 
l 

(1 .1 3) 

er rors e i and thei!, ~ampl e 

is shown (compare L10 J , _ 
f t . ~ . o er ror er m varlance ~, l S 
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2 L 2 S: e .!(N- 2) e J. 

t f 
,2 roo 0 0 
e 

5e : VL~f!(N-2) 

(1 .1 4 ) 

(1.15) 

is call ed ~dard er l'or of es timate and is applied 

as a measure showing aver age di spersion of the v ariable 
around fitted function. clt andard error may be interpreted as 
aver age er ror .,hich can be commi ted when we take approxi ­
mated r e l a tion as a true one. 

"ut~r substituting a : Y- bX i n t o (1 . 13 ) 

e.: (Y. 
J. J. 

Y) b(X- X) 

or ~ e . - y. 
J. J. 

- bx . 
J. 

wher e y . : Y. 
J. 1 

- 'Y x. = X . - 51: 
J. J. 

taking square of e. we r eceive 
J. 

~2 2 e .: y. - 2by.x. b2 2 
J. J. J. J. + x i 

., 

oince 2 2 by.x. : b x . 
J. J. J. then 

~2 2 2 2 
e · : y . - b x . 

J. J. J. 

Taking summati on for i: 

LY~ : Ie~ + 

1 , 2 , •• • , N we r eceive 

21 2 b x · J. 

we get 

(1 . 1 6 ) 

(1.17) 

(1 . 17 ) 

(1 . 18 ) 

(1.19) 

0D hhe l eft- hand side we have the sum of the squared 
devi ations from Y, which we may tak e as a measure of t he 
t 'J t 3.1 vari ation i n Y whi ch is t o be explained . Un the ribht -

hand s i d" , the :ter m I e~ measures t he v ari ation of r es iduals , 
i. e . differences be t ween fitt ed function and observations Y

i 
and may be taken as variation i n Y which r emains unexpl ained 

by the es timated rel ationshi p between X and Y. It follows then 

that the t er m b2~x~ may be taken as a measure of the var i a tion 
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I n the Y which i s explained by the fitted line. 

Gi ven the partitioning of total variance into exp l ained 
llild unexpl ained component we may define a measur e of good­
n ",ss of fit as 

R2 _ variati on 
- variation 

b
2Lx2 

= l 

" 2 L Yi 

L 2 L~2 y . - e. 
= l l 

expl ained 
to beexpl afried 

= 1 -
[,,2 ei 

L 2 2:. 2 

(1 . 20) 

(1 .21 ) 

Yi Yi 
The statistic R2 is c alled the coefficient of determi na 

tion all.d when it is expressed in the form given in (1.21) it 
is easy t o see tha t its limits are zero and unity. For 

example if t he fit is perfect, ~e~= 0 and R2 = 1. On the other 
extreme i f all variability of Y is i ncluded into r es idual s 
Ii = u . 'rhus o < )i<. 1. 

1 . 7 . . TH.!t_.B.hli,TIUNJHIP BBTVJ.t::J::lIT CUHl1.2LllTION rum REGREoSION 
... J~ ~J:;y;jld 

.., 

-~--~---

Because f or mula (1 . 8) for b par ame t er est i mator may 
be pr esent ed as 

b = 
~x .y. 
L l l 

\2 
LXi 

(1 . 22) 

w:ld f.or mul a f or coefficient of correl ation b 8tween tlvo 
vari ab l es can be shown as 
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then 

b= rVI yV VLxf = r S/8x (1.24) 

h ~ora int erest i ng r esult emer ges i f we cons i der the coeffi­

ci ent of deter mi nati on R2 . Here if we substitute for b from 

(1.22) we hnve 

~ = b
2 Lxf IIyf = 

i'[xi Yi 

\ LX~ 
= (1 . 25) 

Thus the coeff i c i ent of de t ermi nation equals the square of 

the coefficient of correlati on between X and Y. 
,- , .. t. 

J<'i nally i t is worth showing t/theoretical differences between 

the correl at i on and r egr ess i on model s . 

1) The cor relati on model does not speci fy the direction of a 
c aus al link , whil e the r egress i on I!lodel distingushes be t 'w­

een the dependent and i ndependent variables . 

2) BtQtistical tests on the correl ati on model depend upon 

both X and Y bei ng nor mal ly di stri buted variables, wher eas 

in regrossion model the X are assumed to be a set of con­
stdilts and t es ts are based on the assumpti on that the 
r and ::>m errors are nor mal l y d i stributed . 

~t the end we would like to show calcul ation of the standard 
error 0e and coeffici ent of deter mi nat i on R2 for the d ntn on 
use of fertil i zer s and yield of wheat . 

Having est imated regr ess i on equation 

y , = 5 . 5 + 1 . 14X . 
l l 

vIC should calcul nte r es i dual s 

e·= 
l 

~ 

y. - Y 
l 
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and suill of their squares and use themfor calculation of S • 
For calcul ation of R2 we ne ed addi t i onal l y ~(Y. _ y)2. e 

l 

~ll calculations are shown in \' orki ng Table below. 

Yield Yi eld of Res i duals Bquared oquared 
of "'heat Y. -Yo =e. res~~uals diffQr~nces 

wheat CY. ) l l l e . (Y. - Y) 
(Y. ) - d ata l l l 

l 

8 . 7 16 . 9 - 8 . 2 67 . 2 56.3 
16.0 22 . 6 - 6.6 43 . 6 0 . 0 
10.1 11 . 2 - 1.1 1 . 2 37.2 

7 . 6 8 . 9 - 1 . 3 1 . 7 74. 0 
17.0 18 . 0 - 1.0 1.0 0.6 
18.5 16 . 9 1 . 6 2.6 5.3 
26.0 21 . 5 4 . 5 20 . 3 96.0 
29 . 0 28 . 3 0 . 7 0.5 163.8 
27 .0 23 . 7 3 . 3 10.9 116.6 
15.5 12 . 3 3 . 2 10.2 0.5 

7 . 5 7 . 8 - 0 . 3 0.9 75.7 
8 . 4 • 5 . 5 2.9 8 . 4 60. 8 
6.2 6 . 6 - 0 . 4 1 . 6 100.0 

19.0 14. 6 4 . 4 19.4 7.8 
13 . 0 13 . 5 - 0 . 5 0 . 3 10.2 
8.9 10 . 1 - 1 . 2 1 . 4 53.3 

15 . 0 19 . 2 - 4 . 2 17 . 6 1.4 
18 . 0 15 . 8 2 . 2 4.8 3.2 
31 . 0 29 . 4 0 . 6 0 . 4 219.0 
22 . 0 20 . 3 1.7 2 . 9 33.6 

324 . 4 323 . 1 1. 3 216 . 9 1115.3 

Y= 16 . 2 

nccording to fo r mula (1 . 2) sample vari ance of dependent variable 
Y is as follows 

82 = 1115 . 3/19= 58 . 70 
y 

6amp18 vari ance of error componen t 

D~ = 226 . 9/(20- 2)= 12 . 6 

btl~dard error of esti mati on 

ci = V12.6 = 3 . 6 e . 
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Coeffic i ent of deter mination 

. ~ .. ;. ,:,.. :'.~" .. <;~. 

R2 = 1 _ 216 . 9 = 0 . 806 
1115.3 

2 2 or r = 0 . 898 = 0 . 806 

hVCr[~C di spersi on of the data ar ound ad justed strai ght 

line is 3 . 6 . ~bout 81% of the t otal vari ance in the 

yi eld of wheat i s explained by variability i n use of 
f ertilizers . 

1 . 8. BIBLIOGRhPHICAL NOTE 

The. purpose of Chap ter I was to present the basic 
i nfor mation on the corre l ati on and r egr ession methods and 
on Llcthods of estimation which are necessary for the topics 
explor ed in.. Chapters II and III. 

Here we have confined ourselves to estimation lin­
ear assoc i ati on me asur es between t wo variables . Some 

ideas of the nonlinear r elations are presented in chapter 

II . £Kampl e of multiple r egress i on mode l as well as biblio­
graphy of the subject are pres ent ed in Chapter III. 

Ther e is extensive liter ature on analysis of corre­
l ation and regr essi on and on pr obl ems of esti mation. We 
may di s c ern here two different approaches t o the subj ec t. 

nathemati cal stat i stics approach investigates stati­
sti cal r elationshi ps between vari ables on the base of 
slliJples from stati stical popul ati on . It is exploring 

statistical properties of differ ent es timators and esti­
mation me thods . Representati ves of this appro ach are 
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8.llung others Draper and timi th [1} , Graybill [3] , and 
Hoel [4J • 

Ec on on etric approach i s directed t oward construction of 
Llodels explaining and pr edicting behaviour of econolJi c vari abl es 

~~d i s l ooking f or the esti nator s and estimation me thods us e­
ful f or i nv esti g at ed topics . 

rtuGressi on mod el s and estimation problems f or ec onomic inves ~ 

t i g ations are pr esent ed among others i n books of J ohns t on [ ] , 

.i:clei n [6J , and Malinvaud [7J • 

.• p:;J lic ati ons Bouks for desk pr ogrammabl e calcul ators Hf'-29 

[11J and HP- 67/97 [12J are i nc luded t o the Ref er enc es as 
th~y ? r ov i d e pr ogr ams f or singl e regression equati ons . 
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Chapter II 

TIl'ill SERIES DECm'IPOSITION 

2.1. INTRODUCTION 

According to data collection method we distinguish 
data describing some statistical population in one chosen 
moment or period of time and data on the statistical 

population in many consecutive equidistanced moments or 

periods of time. The first kind of data is named cross ­

section data, the second kind is called time series 

data. 

Below are examples of time series at different levels 
of agregation: 

1 . Sequence of consecutive monthly reports of the same 
family about monthly total expenditures. 

2. Sequence of consecutive monthly reports of a facto ry 

about production. 

3. E~ort of coffee from Ethiopia in 1965- 1971 E.C. 

4. I.[orld Production of Wheat in years 1960-1971. 

It should be noticed that in some of the above 
examples the time intervals for observations of time series 

are one month in others one year. There are t i me seri es 
with even shorter time intervals such as one week or one 

day and wi th even longer time intervals such as two or 
five years. 

Time series with daily, weekly, monthly and quarterly 

observations are short- term observations, time series, 
with yearly or longer t~~e intervals are long- term obser­

vations!time series. 

This classification is important because the amount 

of information about behaviour of examined phenomena in 

time depends o~ it how detailed the time series i s. Time 
series with short-term observations contains bigger amount 

of statistical information than time series with long­
term observations. Whi ch kind of time series should be 

= 21 = 
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used f or anal ysis depends on t he purpose of analysis. 
I f we a r e i nterested onl y i n the l ong- term tendency we 

should use year ly data . If one wants to reveal and 
est i mate wi thi n year regulatrities should utilize a t i me 

se r ies with monthly observat i ons. Of course more labor 
consuming is short- term t i me seri es analys i s than long­

term one . 

We di st i ngui sh t i me series wi th t i me i nterval and 
momentary(t i me po i nt) observations. The momentary obser ­

vat i on i s observat i on i n the determi ned moment of time , 

f or exampl e temperature at 120 ev ery day . The time inte­
rval obs er vat i on i s sum or average of observed statisti cal 
var iabl es i n the t i me i nterval, for example amount of 

rai nfall i n a month , aver age temperature i n a month, yearl y 
cars production etc . In pri nc i pl e thi s last classifi ca­
t i on of time seri es i s not very i mportant, because thase 
two k i nds of t i me s e r i es do not need di fferent methods 
of analys i s . 

The most i mpor tant pr obl ems whi ch can be solved by 
time seri e s met hods are the fo llowi ng : 

1 . Shor t - term forecast i ng of the process , that is 

estimat i on of the most probabl e state i n the future 
t i me T+1, applyi ng forecasting methods which ut ilize 

t i me series observat i ons from the present time T 

and previ ous t i mes T- 1 , T- 2 , • • • 

2 . Decompos i t i on of time seri es that i s "br eaking up" 

the series i nto trend , cycl i cal , seasonal and 
i rregul ar (whi te noi se) components . 

' 3. Contr ol and r egulati on of the process , consisting 
i n compari ng of i ts actual state wi th programmed 

or planned trajectory and i n cor rect i ng of devia­
t i ons from i t. 

These problems are common for di fferent sc i ences and 
are soived in di fferent fields or real life such as 
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economics , sociology , telecommuni cation, engineering, military, 
aeronantics e t c . The objective of this work are economical 
applicati on of time seri es analysi s. Particularly, we are in­

t er ested in decomposition and fo r ecasting problems and , 
methods appl i ed to agricultural statistics. 

Decomposition methods are particularly avai lable for 
analysis of time seri es wit h short t erm observations, such as 
monthly reports about r etail and whol esale prices of food ---
s tuffs , pri ce index of food, monthly r ep or1s on food arrival s , 
monthly or quarterly data about delivery of fert i lizers, suppl y 

electric power for agriculture etc. 

Information about motion of prices may be contaminated 
with big intra- year and irregular variability. Therefore, to 
reveal actual tendency of pri ce one shoul d es timate and r emove 
these contaminati ons. 

For some variables , such as demand for fertilizers, far m 
implements and e l ec tric energy the distribut i on of demand 

over months for a year is i mport ant. Knowing~i~tra year varia­
bility of demand it i s possibl e to prepare plan of supply, 

transportation etc. 

Big attenti on in the work was pai d to the simplest time 
seri es decomposition t echnique , i .e . fitting a trend curve to 

empi rical data. However, t h i s t echnique i s v ery useful for 
description, in t er ms of s i mp l e mat hematical function, the rule 
of time series development . Apart from that trend adjustment 

usually is a part of a mor e compl ex time seri es decomposition 
me t hods and can serve as a base for a simple forecasting , part­
icularl y on the b ases of time series with annual observations. 

2.2. BABIC DEFINI TIONS OF TIl'1E SERI E8 AL'IALYSI S 

After descriptive introduction to time seri es analysis 

we would like to give more strict statistical definitions . 
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Definition 1 

Time seri es is a sequence of obser vations which are 

ordered in time , say x1 ' x 2 ' ••• xt ' ••• , xT ' the interval 
between eve~y two consecutive observations being fixed and 

constant. 

This definition i s "classical one. More up- to-date and 
more convenient defi nit i on i s as fo llows (compare [14J) 

Definitions 2 

Time series x1 ' x 2 ' ••• , x t ' •• • , x T is the sample from 
the sequence of random variables X1 , X2,~,xT' Thi s sample 
(that is time series) i s fo~ed in such way that each random 
variable i s represented by one observation of a time series . 

Sequence of random variables X1 , ••• , XT i s called a random or 
stochasti c process . 

If we will refl ect upon this defi nition we see that it 

is not 80 far from reality. Let us not ic e that each observa­
tion of a time s eries is the realization of infinite number 

of potent i a l possibilities. In time t , this infinite number 
of possibilit i es is r epresent ed by random variable Xt • 

For example product i on of Teff in Ethiopia in 1978/79 
(1971E . C.) resulted from thousands of reasons and conditions 
whi ch caused thi s product i on to be about 10 mill i on quintals . 

Essential for understanding stochastic character of Teff 
production is that before harvest there were infinit e number 

of possibil i t i es and only one realization of this possibilit i es 
occurred (we may say it was sampled by the nature) after 

harvest . Thi s r ealization is a time series observation. This 
stochastic character of time seri es is the reason that we can 

not predict an observation of time series exactly. Thus ,the 
theory'of probability and stat i stics can be applied when deal ing 
with time seri es analys i s • 
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Each r andom variable Xt and in conse quence each obser­

vat i on of t i me seri e s consists of the two parts: a real or 
r ather r egul ar and whi te no i se whi ch i s a random upredic­

t abl e part of the pr ocess. 

Thus 1 
Xt = Xt + e t ( 2~1) 

The distribut i on of et is u sually assumed to be normal 
with 

E(et ) = 0 

and 

E(e t e t + i ) = {~2 if i=O 

if i;t O 

( 2.2) 

( 2.3) 

How to estimate the regular part of the proc ess (2. 1) and 

i ts i rregular part or i n other words whi t e noise, having 
only one obs ervat i on from each random variable const ituti ng 

t he random process? Solution of this problem is one of the 
main tasks of time s eries methods. 

Ti me s er i es with s hort- term observations (weekly, 

monthly or quarter ly) cons i st i ng of suffici ent number of years , 
contain i nformation about development of thi s phenomena i n the 

l ong period of time and about r egular vari a t i ons wi thin yearly 
-:-~~J/ 

periods. vFirst k i nd of informat i on that is i nfor mation about 
direct i on and spe ed of change s i n l ong period i s call ed 

trend , second ki nd of information, tha t i s i nformation about 

i ntra year r egular var i at i ons i s called s easonal , or more 
general, periodi cal vari at i ons . Thi s two kinds of vari at i ons 

constitute r e gul a r part of time s eries ( or more general of 
t he random pr oc ess) variabil i ty. Thi s r egular change s are 
disturbed by irr egular (random) variations , whi ch i n the 

theory of random (stochast i c) process e s is called whi t e noi se. 

We are go i ng to use for it tradit ional t e rms : 
i rregular t erm or irre gul ar variations. 

Time s eries with long- t e rm observat i ons (yearly or longer) 
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contai ns only i nfor mat i on about trend-cycle and 

irregul a r variat i ons f r om y ear to year. 

2.3 . ~THODS OF TIME SERIES PRESENTATION 

Time serie s can be p r e s ent ed i n the numeric a l or 

graph i cal form . Numerica l presentation is v ery simpl e . 

Singl e time s erie s usua l / i s presented in t he form of 

s equ ence of data . 
I 

Set of t i me s er i es should be present ed i n t he 

form o f tabl e . For exampl e production of Teff, Yi e ld 

of Teff and Ar ea under Teff in 1967- 1 971 E . C. c an be 

pre sent ed a s in Table 1 . 

Tabl e 1 

PRODUCTI ON , YIELD OF TEFF A]l.TJ) AHEA UNDER TEFF 

I N 1967 - 1 971 E.C. 

I I Production Yi e ld I Area I 

m
ears I ( i n th . qu) (in qt ) th o hectarea) 

1967 I 8264 I 6 . 9 1189 I 
1968 I 9730 6 . 9 1403 I 
1969 I 9812 7 . 5 1311 

1970 I 10009 7 . 8 1279 

1 1971 I 10601 7 . 8 1365 

Suc h arrangement of i nterrelated data g i v es possibility 

t o make f i rst visua l ev a lua tion of thi s data. 

Ti me s erie s with monthly or qua rterly observat i ons may 
\ 

b e pre sent ed i n the form of table with months a rranged a s 

rows or a s columns . Exampl e of such method of presentation 

is given in Table 2 . Such a r rangement of data enable s to 

reveal i nt ra- year v ariation and trend. 
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. 

ELECTRICITY SALES FOn AGRI CULTURE 

I N 1973 - 1977 

I 'Years 
Ouarters 

I I II III IV 

1973 134 115 91 144 

1974 154 265 97 299 

1975 394 191 86 150 

1976 168 140 95 219 

1977 217 186 1 51 195 

Some time more i nformat ive about o~er-time ~ehaviour of time 

s erie s may p r ove graphical presentat i on . Example of 

graphical presentation is given in F i g . 1 

x ' 
t :;\ 

3 '/ 

i r---.... ' 
I 

200 

1(10 j <----.----/Y 
\i--~ /' ~~ 
.' \ I • 

, ' 

o 73 7 '< 7" 76 '17 t 
Fi g . 1 . Electrici ty sales for agriculture 

in 1973- 1977 

The horizontal line known as " t axis " r epr esent time : y ears 

and months withi n y ears . The v e rtical line is dest i nated 

for the observations of time series . The po i nt at which 

the t wo axes intersect i s zero for both of them and is 

referred as z ero point or ori gin . For monthly or quart­

e rly data i t is necessary to divide time scale for years 
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and months (quarters) . From the techni cal po i nt of view it 

is important to choose proper proportion for a curve di agram. 
If time axis i s exaggerated di agram can gi ve an i mpress ion 

of unimportant fluctuations of examined phenomena. 1;Jhen 
vertical scale is exaggerated the di agram can give an .; 

i mpr es sion of tremendous fluctuations. Problem of proper 

scal e cho i ce i s very important when we want to compare an 
over-t ime behaviour of a f ew r elated time series. It is 

r ecommended to use the same sc a l e for a ll s ets of data 
pr esented in the same uni ts . For example if \ve want to com­

pare area under different cereals i n Ethi opi a , we may u s e 
the same vertical and hori zontal scales for all diagrams or 

to present them wi thi n common t and X axis. But somet i me 
the magnitude s of compar ed data are 60 heterog!2neous t J;]at 

~~il~aHo not give~~ossibility to assess if rat es of their 
changes are s imilar or ,', 
Fig.2. wherevfollowing 

t 1 

X1 5 
X2 30 

not . Such s ituat i on is presented In 
s equences of numbers wer e plotted 

2 3 4 5 
6 7 . 2 8 . 6 10 . 4 

36 43.2 51 . 8 62.2 

each of the same r a t e of growth equal 20%. In Fig. 3 the s ame 
numbers aft er l ogari thmi c t r ansformat i on we r e plott ed. 

, I ' 
~

' l : . , 
-- - : I 

Fi g . 2 . P lot of origi nal data 

: J I . 
I I 

L ! i 

I I I 
! I 
I I 
! 

Fi g .3. Plot of l ogari thmi ca­
ally transformed data f r om 
Fig.2 
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The ability of the usual type of chart to give a sat i s ­

factory visual i mpression of absolute change but not of 

ratio of change is brought out by the exampl e below whi ch 

we r epeat after croxton and Cowden [5J • 

Tabl e 3 

Year 

An arithmetic (A). geometri c (G) progress i on and 

progress i on with non constant ratio of increase (NC) 

(ll) Ari tJ:;metic rQ) Geometri c NC 
y Amount; y percent Y Amount percent; 

value of value of value of of (Xvalue) 
increase i ncreaSE increasE increase I 

--

1971 0 128 50 
1972 200 200 192 50 80 3,0 60 . 0 

1973 400 200 288 50 160 80 100.0 

1974 600 200 432 50 300 140 87 . 5 
1975 800 200 648 50 550 250 83 . 3 
1976 1000 200 972 50 r080 530 96.4 

1977 1200 200 1458 50 r730 650 60.2 

1978 1400 I 200 2187 50 2500 770 44 .5 

I n Table 3 three kinds of changes a r e presented. The case 
A r epresents a constant amount of increase of 200 units per 
year. This or any other ari thi met i c progress i on (constant 

amount of i ncrease or decr ease) will be depicted by a 
straight line when plotted on the ari thmetic gri d. This case 

i s . ?hown in Fig . 4 by str aight line A. Curve G i s the 
r esul t of plott i ng a seri e s of figures for the G set of 

data from Tabl e 3. Observat i ons of this t i me series show 

i ncr ease of 50% each year. This curve bends upward more and 
more sharply as time passes . 

\ 

I 
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Fig . 4 : .. rithmetic progress i on (A) 
geooetri c progression (G) and I 

curve with n on- c onstont r a tio 
of increcs e ( NC). 
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Fi g . 5 Geometric pr ogr ess i on 
(G) and progr ession with 
non- constant r~tio of i n­
creas e NC plotted on semi ­
logarithhlic grid . 

A s erie s showing a constant ratio of increas e or dec ­
r eas e is known as a geometric progression , and any geometric 
pr ogr ession will yi e l d a curved line when plotted on ari ­

t hne tic grid . An increas i ng geometric progr ess i on ( t ren d) 
is r 8pr esent Gd by a curve line .Thi ch slopes upward ond is 

concav e upward ; a decreasing geometric proe;ression is 
r ep r e s ent ed by a curve which slopes downward and i s concav e 
upwar d . ;c s erious di fficulty in int erpreting such curve s, 
" howev er , l i e s in t he fact that the eye cannot disc er n whe t her 
or no t a particular curved line does or do e s not r epre s ent a 

const ant r atio of change . Curve NC depicts a NC s et of dat a 
f r om Tabl e 3 which is neither an arithmetic progr ess i on n or 

gooDotric . Rn eye cannot notic e this fact because t he curve 
bends upwar d . Ther efore it is not poss i bl e f or the r ea der of 
an arithoe t i c chart to be sure whether a curved line 

r epre s ents a constont r atio of increase , a ratio of increase 

"lhich is diminishing or a ratio of increas e which is 

a cc e l er at i n g . j~y s erie s of figures that increas e Dore r ap­
i dly t han on arithmetic progression ( for exaopl e 10 , 12 , 15, 

24 , 30 ) slope s upward and is concav e upward when is plotted 
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on ari thmetic grid ; any seri es of f i gures that decr eases 

l ess rapidly than an aritlnaetic progression (for example 

100, 91 , 83 , 76, 70 , 65) slopes downward and is concave 
upward when shown on ari thmetic ooordinates. 

Therefore we may conc l ude that graphi c comparisons 
in r espect to ratios of changes will be faci litated i f we 
can employ a kind of grid which wil l make a const~~t ratio 
of increase or decrease appeared as a straight line. 

It can be done i n two \~ays . \~e can make a di agram of 

r at i os of X values i nstead of their absolute (arithmet i c) 
values. Such di o.gram has an excellent di agnostic property 
because constant r a t e of change ( i ncrease or decrease) 
gives a straight line po.ralle l cO a t-axis, linearly 
accelerating ratio of i ncrease gives a strai ght line sloped 
up, linearly diminishing ratio of i ncrease given a straight 

line sloped down, etc . Si milar r esult we will r eceive if 
for di agnos is purpose we use instead of rat i os logarithms 
of Xt values and draw them against the background of t 

values, becaus e logarithms of c onstant geometrically 
pr ogressive numbers have constant f irst differences and 

therefore their diagram gives a str a i ght line. 

Table 4 

A geometric progress i on and logarithms 
of the geometric progress i on 

I year I Logarithm Anount of 
y of increase of 

.Ji..value) value y value logarithm 

1971 128 2 . 10721 

1972 192 2.28330 0.17609 
1973 288 2.45939 0 . 17609 
1974 432 2.63548 0 .1 7609 -1975 648 2 . 81157 0 . 17609 

~76 972 - - -2 . 98766 0 . 17609 
1977 1458 3.16375 0.17609 

, 1978 2187 J 3. 33984 0 .17609 

I 

, , 
, 
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In Tabl e 4 the geometrically progr essed dat a fron Table 3 
a r () shm'ffi again and with it are given the logarithr.1s of 
the nUflbers and their f i rst differences (s i gned as aoount 

of increase of l ogarithms) . EXaBination of this logari thms 
r ev eals that they fOr I1 an a rithmetic progress ion; therefore , 

if t h is logarithms are plott ed on an a ritlTIJetic grid a 
straight line will r esult , as Day be seen in Fig . 5( line G) . 

tlethod consisting in plotting of logarithms instead of 
ori ginal values of Xt serie s involves the addit i ona l step 

of looking up logarithms be for e the data can be plotted . 

HOI'lev er, instead of plotting the logaritITIJs of the obser­

v ations we Day use a grid which is des i gned with a loga­

rithmic v ertical scale a s i n Fig . 6. Se!!li logarithmic gr i d 

c :m be bought or can be pr!=pa'r ed •. .:'. " . It can easily 
bcl done because it uere l y involve s spacing the vertica l 
scale v alues in proportion t o the differenc i e s of their 

l ogari thms ' For exau ple the seuilogarithm i c scal e 
pres ented in Fi g . 6 was prepared by spacing vertical sc a l e • 

in proportions between l ogarithms of consecut ive nat ural 

numbers fron 1 t o 64. Thi s sequence of nunbers !!lay be r e­

pl :l c ed by any other f or exaopl e 15 , 30 , 45 ••• , or 0 . 5 , 1 . 0 , 

1.5 • • • , because senilogarithmic scal e i s proportional to t he 
difference s of logarithms of nunbers , and this difference s 

depend only on the r atio of numbers not their o agnitudes. 
Ther efor e , the s ane differ ence of logar i thms s tands between 

100 and 200 and 0 . 5 cilld 1 . 0 because this two pa irs of 
numbers has t he s awe ratio 1 : 2 . Great advantage of the s en i ­

logaritlmi c scale is tha t vie can conpar e r atios of change s of 

phenonenas of differ ent scale s (oagnitudes ) as it was shown 
earlier in Fi g . 2 and 3 . 
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Fig . 6 . Semiloga±ithmic Dcale for numbers with ratios 

as 1:2:3: ... : 64 ; 

2 . 4 . METHODS OF TREND ESTIJV1ATI LlN 

2 . 4 . 1 . Gener a l problems of trend esti~ation 

There are three i mportant reasons for attempti ng 
to est i mate the trend . The first reason i B to in--
vesti gate the devi at i ons from the trend. These 

devi at i ons (residuals) can cons i st of seasonal and 
i r r egul a r vari ati ons . Somet i mes when t i me series i n­
c l udes suffici ent l y long period of time , thi s time 
seri es of devi at i ons includes i nformat i on about 

cyclical vari ati ons . If t i me series i s not very long , 
covering onl y part of a cyc l e i t i s analysed as part 
of t he trend . 

Second reason is that we want to study the trend 
i tse l f i n order to compare one trend wi th other, to 

analys e change s of trend i n connect i on with different 
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L~ctors i nfluenc ing it , ,md to for e c ,.J.s t futur o v ',l ue of 

trsnd . 

These r 0 ,::sons c r:us e thut in ffieJly methods of t. s . 

d"composi tiOD es tim ~',tion of (j tre nd is 0. first St,lbe 

of decomposition procedure. 

The purposu for which I118r:surc ment 8 a re m:',d e p,~rtly 

d 8tcrilline s the methods adopted . If the objec t i s 

sol e l y to isolo.t e t r end ;:llld cyc l es i t 88ems r c :)s ono.bl c 

to suppos e th.::t the choos en tre nd linil should pass 

through t h" cycl e s i n such wny c:S :.:pproximatvly to "tllow 

" b :tL:ncing b e twe en the posi ti ve or n egc.ti v e ph:tSes of 

e,~ch cycl e . ,ih0n our t nsk i s not isol :lting trund ',\l1d 

cyc},; but onl y to follow the cycl e , tr und = d cyclic " l 

v = i ::.tions should b e conside r ed jointly. \Ihen t h" 

obj vc t i s t.9.2!l.:tke compnrisons, g en e r o.liz .J.tion8 or f ore-

c ,~,sts , the curve should be expres s ed by :'1 m[LtheL1::.ti c~,l 

formu l c- . By m8=8 of such n formul 11 one c Lm , for i n ­

st=C() S L~ thilt a t il ~iven time s 8ri es shows :1 cert nin 

r o.tio or cert llin ~.J1lount of g r owth ptl r :mnum or pur mcnth 

:::nd thL,t if t his tendency continues , the trend vril l 

r a <lch il certain vnlue a t some spucified t imtl in the 

futuru . JI'itting n trcmd by a m:lthemo,t i c o.l formul c. d oes 

not , hOl~ever , r emove the subj active e l ement from trtmcl 

fi tting . TllG stGtisticinn c= vary the behnviour of 

tho curve by s eltlc ti on of the type of formul n htl employs 

or the y e::u-s to which he fits the cur ve. 

1l. mClthemo.tic ll equ a tion al l ows ,),Is na t only t o d r aw 

the tr",nd of a time s eri e s but a l so provi des i n the 

trcmd e qu ::ttions, c- cons is il defi niti on of th a t trend. 

If the tre nd itself to be studi ed or to be ex tend ed is 

b~yond the obs0rved d a tu it is particularly d 0sir~b l e 

t o d escrib e it by an objective ly d e termi n ed equ ation. 
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2 . 4.2. Fitting a straight line 

The simpl es t typ e of curve is the straight line , 
which is describ ed by an e quati on of the t ype . 

Pt = a + bt (2.4) 

in which Pt are the p oints of the strai ght line c ;fes­
ponding to the v alues of time t. Variabl e t i s called 

time variabl e and d enotes nominal units of time , f or 

example y ears: 1967, 1968,.0. or, more often, number ed 
units of time for ex ampl e 0 , 1 , 2, ••• , T wher e numb ers 

are given as numb ers of consecutive observations of time 
s erie s . Bec aus e strai ght lin e (2 .4 ) i s adjus t ed to time 

s eri es da t a , x t ' Vie should rewrite thi s equa tion us ing 
symbols of time s0rie s observations, but it should be 
k ept in mi nd t h a t bec aus e of irregular and peri odical 
vari ations straight line do not p ass through t he time 

s eries obser vations. Differ ences between true observations 
and trend will be c alled r esiduals . 

Therefore , r el ations be twe en t.s. observations and trend 
line Pt should b e present ed a s folIos: 

x t = Pt + r t (2 . 5 ) 

wher e r t - r esiduals . 

l!'or t i me s erie s with yearly observations this r es iduals 
are simple irregular vari ation which according to our 

convention we d enote with e t • Then for such time seri es 
for which straight line is true , trend line c an b e 
presented as follows : 

Xt = a + bt + et (2.6) 

parameters a and b are p arame t ers of unknown trend line 
of the random proc ess. 
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J:' .~lr::unc. tors of trend line ndj ust c,d to th<- se:quenco of 

observa tions hie vlill denot", 11S B. ' '.Dd b ,md tre:nd v 'llue 

c -,lc;l 0.t od with this par :-::Illcturs :lS xt • lie use symbols '" 

··."ld b bec:luse ostimcltGd parmnut"rs :" re only o.pproximution 

t o tho truo :O~'J'.1m()t ers . 'J'huref ol'e , app roxiIUL:tion of th u 

unknOlill trUG trend is trend line ucscrib"d by the follow­

inc> equ·:t i on : 
A 

X t = 0: + bt (2 . 7) 

V .. ' luus "" band x t d opands on m:.my things such "s n len~th 

of t . s . t d{"n to tho 1":l1,llysis , applied es timnti on procuduro 

",tc. i:ltrc:ight line c an bo adjusted to the: set of d:-,t a 

presCinteu on the dingr= by hL:l1d. It is the simpl es t ast i ­

'll.'.tion p r ocouur e . 

}<'or t = u equo.tion (2.7) becomes 

Xo 
~ 

= :l l2.S) 

1'11 .. :m lUr CUUE:ter :l i s the initial valucl of line ,'J' tr8nd (when 

t =o) . It is ::t fixed point itt which tre nd line int,:rsect 

x t - ,-:xi:; • .I: ',TI'=(;tor b d(;finos rlJlation betwc c;n t v ;u'i ilbl l. 

.. nd trund lin" x t • 'i:his r e l Gtion is such thnt absolute, 

trend vi11uiJ is proportiona l to the correspcmdinb v :J.lue of 

t p lus ~t)"tr=uter D. , thnt menns th"t b c= be c alcul Llted 

(fr,:m thu dL:c;r mn of trund line adjusted by hc:nd) , .. , s 

follows : 
x - 0. 

b = ... ...:L ... __ 
t 

(2 . 9) 

1":'1~10:;'1 p :J.r ';,i;ll.J ter b d e termines the "spc~d II of ':'1 str ~licht 

li:"h.;S ch[l .. nge .. 
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l" i g " 7. A s trc1i c;ht linG i.ldjus t ed b y h:md 

to the di sp~rsi on of time seri es obser­

v::iti on . 

V~1luc of b i s t he Si11lle fo r cUlY t , f or ex amp l e (Fi g . 7) : 
~ 

t= 10 , x10 =3 , 0=1, then b =(3- 1 ) /1 0 =O. 2 . 

L'.:tr ~.i'lC t~r b defines t he s l ope of t he s tra i ght lin0 or in 

o'eher ,':)rds t~H) '. ,ngL c b",tvlv0n t rdnd l i ne nnd t - 0XiJS . If 
..... ..... -- ...... .... ...... 
b = 1 it Jle :·.ns t hat x t = a + t. I f b = 0 , x

t 
= 'I (const=t) . 

2 . L;. . 3 . =:.. _1_u ,~'3t squ~es me t hod 

':rh" str::.i ght line c a n b e adjus t ed to the: timu 

svrius mur e cX:l.c tly us i ng imalyt ic ul m", t h od . Ad j us ting 

of :" .otr cli ;;;ht line m0 i.1llS mer e l y 8stinwtion of It i~nd b 

P' .r ':Jlh)t" r s . 

0iBll l v =d exuc t me t hod of the p:J.r mne t ur s I,stimCl­

ti()n in the: c ase Hhen r e l ilt i on but wi)un v ltri clbl es is 

line ..r i s l eL'.s t S QU=0S ID0 t hod. 
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The l east squares criter ion appl i ed to the fitting 

of a strai ght line trend to tillie series can be expressed 

as follows (see chapter I " section 1.:3): 

V2 
D = L_J,et 

~' 

\, 
= L /xt - xt / 2= lli1.n 1. mum /2. 10/ 

where ~t i s expressed by /2 . 7/ . 

T,ak i ng into consideration that let stands for a straight 

line , the formula /2 .10/ can be rewritten to the form: , 

'''' 
D = 2.Jxt - a - bt/ 2 

= minimum /2.11/ 

Parameters a and b can be found from the following equa-

tions : 

-:', D 
--' -
~~ a 

where 

::JD = 0 
7.. a and 

and u D 
--a b 

~'- D 

~b = o / 2 .12/ 

are partial derivates of function D 

with respect to a and b . This gi ves the set of so called 

normal equations [see' chapter I, section 1. 3, formula 1. 7 j . 
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Solving this set of equations with respec t to a and b 

we find 

b = 

~ " . }' xt·t 
.-' ___ .1 

> . t 2 
._--' 

a = x - b t 

.'\...- -~ - , 
/' x ') t __ ._ '. t ~ _ • 

N 

,-
_ {/ ,t ) 2 

N 

whe re x i s the arithmetic ave r age of xt ' 

t - the arithmetic average of t • 

12.1 )1 

12.141 

We can tran sform t var i able in such way that formula 12 .131 

~ill be simplif i ed . Vfu en i nstead of t ~ 1, 2 , 3, .. . , T, we 

use variable t ' = t - t, parameter b is calcul a ted as 

follows : --, 
I X 'L t ' ___ , t 

b = \--J t , 2 
_ __ _ I 

12 .151 

~ --

becaus e : t ' = 0 , and 
-\-- - 2 

Ii t ' l =0 . 
,'";; . 
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ior mul 3. (2. 15 ) gives the srune estim~tion of parrune t er b 2.S 

es tima tion on the bcse of formul a (2 . 13), but is s i mpl er. 

B8low are given eXaffip l e s of the t v~inbl e trcnsfor med. 

1) t= 1 , 2 , 3 ,4 , 5 (T= odd numbor) 

t= 3 t ' = - 2 , - 1 , 0 , 1, 2 

2) t= 1, 2 , 3 , 4, 5 ,6 (T= even number ) 

t= 3 .5 t ' = - 2.5 , - 1 . 5 , - 0.5 , 0.5, 1 . 5 , 2 . 5 

3) t= 1967 , 1968, 1969 , 1970 , 1971 , 
t = 1969 t ' = - 2 , - 1 , 0 , 1 , 2. 

",xorcise 1. 

Using l east squ~es met h od adjust n straight line trend t o 
t he data on the Area und er Teff in ~thiopi a in 1967 - 1971B. C. 

\vorking Tabl e 

; .D A T A X Residuals 
I t t ' t , 2 t ' ( cal~ulated Xt- Xt = e t 
! 

Xt x t trend o~)e- I 

: rva t i ons [1 

r 1189 1 - 2 4 - 2378 1263 - 74 
i 

j 1
1403 2 - 1 1 - 1403 1286 117 

I 1311 3 0 0 0 1309 2 

1 1279 4 1 1 I 1279 1332 - 53 I ~ 365 5 2 4 , 2730 1354 I 11 
r ;-2 

>x = 

I

LY , t r - X t ' = 3 L - t .- t 
10 288 6544 

~ , ~~~;~~ 
- .. - - . . .. _. =--. , ... __ ... - -- . .. • 'X ' •• 

b = 2;g = 22. 8 

5 = 1309 - 22.8 . 3= 1240.6 
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Equati on of a straight line : 

xt = 1240 . 6+22.8 

_~vor,,"ge i ncre ase of ilrea under t aff per annum in 1967- 1971-", . 0 . 
w::ts 22 . 8 th o hec tar8s . 

2. 4.4. gOODN£;ob UB' FI 'l' Ub' ~JLJDT~D T&.ND 

, 

Goodness uf fit of adjusted trend is measured by me~~s 
of the st~ndilrd errur of adjustment 

Se =VI (xt - xt )2/(T- 2 ) ( 2 . 16) 

which shows aver ag", dispersion of the time seri es obs erva­
t i ons ar ound the trend line or in other words aver age dis-
r~_~~~t on of residual s 0 

The number by which sum of squares is divided i n 
(2 . 16) f or mul a , T- 2 is call ed a number of degrees of 

fre edom . Th e r eas on for which \-Ie should subtract from 

T just 2 needs a c ompl ex mathematical exp l anation. Here 

we expl ai n onl y that d egr ees of freedom are equal t o the 
number of observations mi nus number of estimated par ameters 
i n fitt ed model. 

Cueffici ent of determination R2 is the r el at ive measure 

deter mining wha t part of the total time series vari anc e is 
exp l ::tined by a fitt ed trend or mor e general by a model 
f i tted t u tiDe seri es (compare Chapter I, dection 1. 6) 

2.4 . 5 . l:;XPUN.c:N'l'I.dL T1UND 

I n the t.s. anal ysi s extensive us e i s mad e of trends 
showi ng relative vari ations of the c onsecutive trend 

v alues as constant. It means that r at i o of the ev ery two 
c onsecutive trend v alues is the same: Xt/Xt_1=~ If 

~>1 it means tha t trend expressed in the absolut e value 
i s i ncre asing_F or decreasing trend should be h < 1 • 
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Analyti cal trend with constant r elative variations 
adjusted to the empirical time s eries l ooks like follows: 

X
t 

=O:)3t e t ~(2 .23) 

wher e a and B are parameters, e t residual term. It" to be 

kept in mind that r esi dual term e t for the time series with 
annu al observations includes irregular variations, for time 
series with monthl y or quarterly observations it can include 

both peri odical and irregul ar variati ons . 

The diagr am of it we can present as a trend line pass­
i ng throught the disper sion of t.s. observations: 

.~ ... 

.« /' .... 
< 

, 

, 

< 

> 

, 

Fig . B. I ncr eas i ng geometric 
progression, 13>1 

\ 

, 

, , , 
'" .< :( , 

k 
< > 

• 

Fig.9. Decreasing geometric 

progression , ~<c1 

It follows from the mathemati cal rule that l ogari thms of 
the number compos i ng a geometric progression, form the 

arithmetic progr ession , diagram of which is a str a i ght 
line. This rule shows t hat adjustment of a trend line to the 

time series whose observations tend to form a geometrical 

pr ogr ess i on can be easily p erformed aft er l ogari thmic trans­

formation of time s eries observations. After such trans­

fo r mati on we only need to adjust a straight line to the 
logarithms. 
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Aft er log arithmic tr:ms form a t i on e quati on (2 023) 
b ll comCl s = e c;.ua tic,n of stra i ght line 

l Ob x t = log ex + t l og r::, + l og e t 

\,hon we substitute l Ob a. = [C, l og \3 =b 

(2.2 LI.) 

,lIld loge t= e't vie r e c e ive 

log x t = a + bt + e t (2 . 25 ) 

'::'11" str c:i gh t line o.djusted to l ogarithms of ob s " r v a t i on s 

C ::'11 b oO pr8s ent ed o.s follows : 
~ , ~ 

l og x t = a + bt (2.26) 

-"rom t he ab ove egu -ltion foll ows tha t orig i n a l 1680metr i c 

pl".l~l'vss i v e trend x t i s the se t of :mty l ogari t OOs of the 

'Jtr _i oilt line points c ~11culat<.;d un the bas e of (2 026) 

~-:lr=eters a :1.nd b C illl b e " stimat ed by me:ms of the 

1 ,, :ls t s qu are s m8 tllod 0 It; mo ons th,lt the me t hod uf l "Clst 

squ:lr e s will now so.tisfy c onditi on tho.t the s um of squ :-tr "d 

diff 0r enc e s b e tween the l og o.rithms of t ho time s eri es obsGr­

v .1ti uns ond l oe.;=i thms of the c orre sponding trend v c.luos 

shctll be a minimum . l:'==et ors a :md b cer e c a lculated u s i ng 

the S::-.Iil'=' for mul a s a s f ur a strcci gh t line , only i nste ild of 

uri6 i n a l x t v alu" s t hoir l ug.ITithms are e IDp l oy ed. 

In oqunti cn (2 . 23 ) c onstWl t /3 
(1 T~1 ) and ex can b e s ubstituted b y 

be. presented as f vll ows: 

C ru1 b e pre s ent Eod a s 

x 0 ',rh on e qu ati on can o 

t 
x t = X o (1 + q) e t (2 027) 

J:-" lr waeter Xo is t ho v :'1.1ue uf tr" nd f or t = O. P urrunoto r f) = 

(1 +1 ) i s c a ll od ~ coeffici ent of g r owth, is t he r O-to of 

t; r c wth o .Jqu,,;,t i on of e stiIU.1t ed trend lin8 i s 

X t = X o (1 + q ) t (2 . 28) 
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Equation (2.27) is i mportant in statistics, part­
cularly in economical statistics because geometric prog­
r essi on or in other words trend wi th a constant rate of 
growth very often gives a good approximation to the deve ­

lopment of the r eal economical and social processes. It 

should be mentioned that the usual practi ce in t he planning, 

designing, formul ation of development pro~rams etc., is to 

present anticipated changes as ,~ercentage of the state from 
the past . 

2 .4.6 Average rate of growth 
Hate of growth is sometimes appl i ed as a measure of 

average growth when we want to characteris e shortly the 

development of examined phenomena from time 0 to time T. 

Accor ding to formula (2.28) amount in time 0 i s Xo in time 
T is x T• Average rate of growth betwe en T and 0 units of 
time may be calculated on the bases of the transformed for ­

mula (2.28) ,i. e . 

(1 +q )T= xT/xo 

(1 + q) =~ xT/xo 

q = 'rJ xT/xo ":-'1 

}i'ormula(J29) is geometric average of relative number 
, 

xT/xo 

Exer cis e 2 

(2.29) 

i,e want to calcula:be average rat e of growth of the 

value of, coffee exported frol(l 1<:thi opia from 1961 to 1976 . 

Val ue of exported coffee in 1961 was xo= 93 . 6 ml n. Bth. 
Birr, in 1976 x T = 324 . 6ml n. Bth . Birr. 

xT/x = 3 . 468 
15 0 

1+ q= \p-46S-= 1.0864 
q = 1.0864 - 1= 0 . 0864 
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Goefficl ont of gr owth of ()xported coffee was 108 . 64%, the 
rate of gr owth was 8.64%. 

Pr om (2 .29 ) f ollows tha t formul a f or the aV8rage r a t e 
of gr owth does not take into c ons i der ati on values from i n­
ter med i ate years b()tween 0 and T years . Value is adjus t ed 
t o d at a in such way t hat starting from x it exac tly r u-

o 
pr ocluces x T v alue. l:"or ex=p l e we can c alcula t e the s ucc os -
s ive t h eor etic al values of exported coffee , go i ng out f r om 

t He Xo = 93 . 6 and applying t he calcul a t ed r o.te of grollth 
= 8 . 64%, as foll ows : 

x1 = x • 1.0864=93.6·1.0864 = 101.7 
o 2 2 

x2 = x1 • 1.0864=Xo · 1 . 08643 = 93 . 6 · 1.0864 =110 . 4 
x3= x2 • 1 . 0864=xo ·1. 0864 = 120.0 

x15= 93 . 6.1.086~15= 93 . 6·9.468= 324.6 

Ther efor e the av er age r a t e of growth should be appli ed 

['lld i nt0r pr et ed very car efully p articularly when compan.ng 
r :,te of gr owt h of several phenomenas with similar r atios 

JeT/xo but wi th differ ent traj ectori es of t he d evel opment • 

.2;xBLlple 1 

\,e vtant to c ompare r ate of gr owth of t he following t wo 
""r oc ",ss : 

t 0 1 

A 100 200 
B 100 50 

2 3 
200 200 

50 200 

J!'c,r bo t h of them r atio x3/xo= 2 and r ate of gr owt h is 

q = 2 - 1= 0 . 26 . As on e c~ s ee t rajec t ori es from the x to 
a 

x T v alues are for A and B quite different , but their evalua-
ti c,n on the base of ;, is the same . 
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Then we c ome t o t he c onclusion tha t every application 

of as a measure of the av e r age r a t e of g r owth s hould b e 

preceded by the analysis of inte rmedi a t e d a t a . 

~'xercise 3 

Adjust exponenti al curve t o dat a on the area under 

Ve tch in Ethiopia in 1967-1 9 71 E. C., c ompare it with 

r esult of a stra i ght line fitting from Section 4. 3 usi ng 

S, and R2 me asures. 

\'Iorking Table 

Data e ~= 
t t' logx

t 
t'log x

t 
t,2 ~ 

(x
t

-%!2 - (x
t
-x)2 x

t x t 
x - x t 

29 

32 

50 

54 

58 

223 

1 -2 1.4624 - 2 . 9248 4 29 0 

2 -1 1.5051 -1.5051 1 35 9 

3 0 1.6990 0 0 43 4 9 
4 1 1.7324 1.7324 1 52 4 

5 2 1.7634 3.5268 4 63 2 5 

8.1623 0 . 8 29 3 10 8 7 

It" lo~ X t = 0. 8293 , r t,2 = 10 
A 

E= 0.8293/1 0 = 0.0829 

Mean of log x t = 8.1623/5= 1. 6 325 

~= x - bt = 1.632 5 - 0 .08 29 x 3 = 

= 1.3838 

Adjusted trend functi on: 

-1 6 256 

-1 3 169 

5 25 

9 81 

13 169 

700 

Xt = 1.3838 + 0.0829 t ( 2.30) 

The,oretic a l (calcul a t ed on the b a se of fitt ed functi on) value s 

are f ollowing: 

I 
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X1 = antil og (-1 . 3838+0 . 0829) = 101.4667=29 
x

2 
= antilog (1 . 3838+0 .0829 -2) = 101 . 5496= 35 

x3 = anti l og (1 . 3838+0.0829'3) =101.6325= 43 
x4 = antilog (1.3838+0 . 0829 '4 ) = 101.7154= 52 
x5 = antil og (1 . 3838+0 .0829·5) = 101.7983= 63 

[eXt - xt )2 = 87 

~ = 87/ 3 = 29 Ce = V29 = 5 .39 

Average dispersi on of t.s. observations around exponential 

trend line is 5.39 

x = ; ~Xt = 223/5 = 44.6 

~(Xt - x )2 = 700 

S2(xt ) = 700/4 = 175 S(xt ) = \f175 = 13.2 

Average dispersion about mean value i s 13.2. 

R2 = 1- 87/~00 = 0 . 876 

Conclus i on 

Exponenti al t r end expl ains 87 . 6% of t he tot al t.s. 

variability measured by means of t.s. variance. '"e can c om­
pare goodne s of fit measure s f or exponential trend with 
measures for t he s trai ght line adjusted t o the same t.s., i. e • 

s; = 17 . 3 q, = 4 .1 
2 R ~ 1 - 17.3 /175 = 1 0.099 = 0 . 901 

Then straight line trend include s ab out 9~~ of the total 

t.s. v ariability measured by means of the t . s., variance. 
The conclusion i s that the straight line trend b etter fits 

t o the c onsidered time seri es . 
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2 .Le. 7. 1'!is,£y1l2Ileo_1l:.13 2Ilalytic a l trend models 

P.:tr2 bolic power and logarithmic trenqs 

Curves of the par abol ic ( powe r )and l ogarithmic 

type 

Xt 
x 

t 

= a t b 

= a + b l og t 

(2.31 ) 

(2.32) 

o.r e not e:;en er ally applicabl e t o time seri es , a s th8, 

time vari abl e Ca n not in strict l ogic, be rai sed to any 

power or loe:; a rithmed. However the i r use may be jus t ­

i f i ed on empiric a l g r ounds, if the y h apen t o d escribe 

a given trend accurately . The shape of power and 1 0[5[c­

ri thmic curve s a r e shOlm i n Fi g . 10 . a nd 11 . 

___ A 

'" "'~ 
~-------B 

.i! 'i t, . 10.(Ji.) purabola with 

pClr ilHeter h> 0 , (B) Po.l'(l­

b ula with b<O . 

:B'i g .11. Logarithmic curve 
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Un logarithmic scal e purabolic cu r ve becomes a straight 

lbe (Fi g . 12) 

log x 
____ A 

r B 

rag- t 

l"i e, . 12. parabol i c curves (A) and (E) p l otted on the 

l oS urithmic sc ale =e transformed to a strai ght lines. 

Fr1.rdIileters of the func t ions (2.31) and (2.32 ) may be 

estimntc-d by lenst squares method . The p01~er function 

(2 . 31) should be tr=si'ormed to l inear by mE=ans of lOi;;a­

ri thIilic transformation 

log x
t 

~ log a + b log t (2.32) 

or In x t = In a + b In t (2.33) 

ParQrnet ers l og a cnd b can be calcul ated by means of (2.13) 

and (2 . 14) formulas respecti vely onl y i nstead of x
t 

and t 

we should use l ogx
t 

=d log t . 

j)'r om (2 .31) (2.32) and (2.33) follows tha t 

a= 10log or 

x
t

= 10log x t 

D. = e In 

ln x or x
t 

= e t 

~stiwation of the (2 . 32) function is straight forward. 

1:' _',r cJJeters a and b =e cnlculat"d on the ,bas" (2.13) and 

l2 . 14) f ormulas onl y log t (lnt) i s used in pl a ce of 

v :''l.riabl-J t o 
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.. . ,., .. -· ·,>r, ' (1\ I .,.II\.~· 
, '. i . J.,..,.~ .. l,tt:""'· 
" S o. Li br:U)' (2.34) 

has someti mes been 
\..~ _ _ ...-=o"- # 

considered as expressing the low 

Thi s l ast curve h as two oJ g r owth oJ a human popul a t i on . 

:-,symp t o t"s (upper and l ower) . 

1-l.symptot e is a value to which a curve tends us it appr oaches 

the inJinity . 

'fhis curve repr esents the k i nd of d;ying or fading 

growth . It is app l ied to the approximo.tion of the changes 

of p r ocess es whose development t r a jectory c onsi sts of t hro e 

.s t o.c;e s: 1) ini t i al s l ow growth , 2) f as t increase 3) increase 

\.;ith dimi n ishing rate of growth. 

f 'c- r =e t e r s g., b and c cannot be esti mated 

s trClit;ht f or ward me thod a s least square s. 

0stiliJati on are pres ,"nt ed in [3 , ;::~ 

f'< , ly~~~_~al trend 

by means 

Hethods 

0. such 

of 

The simpl est an a lytic a l tre nd is a stra ight line ad ju­

st"d t.] t he orig inal or l ogarithmical ly transformed d a t a . 

Duch trend appr oxima t e s the chanGes with constant i n ­

c r er:wnts of abs olut e v alue s of observa t i ons or the ir loga­

rithns (const C'Jlt r e lative changes) . A stra i ght line is 

CQllod po l ynomial of the first degre e . 

I f Q strai s ht line does not fit the dato. we try a 

curve oJ h i gher d egr ee than first , for example 

second d e gree polynomia l (parabola) 

x t = 0. + bt + ct 2 (2 . 35) 

or third d egr ee (CUbic) 

x t = a + bt + ct2 
+ dt3 (2.36) 

l"or p r acti cal purposes no curve s b eyond the third 

degr ee arlo us ed , as curves of higher degrees h av e t oo m~Dy 
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b,,"lQS ( L .:; . change s in dire ction fr om positive t o nogati vc 

Jr v i ce vors a ) t o be c onsistent with our definition of 

t r Gnd as 11 b r oad and gr adu a l , smooth , l ongt e r m movement 

llver the I-Ihol e period c onsidered, s uch as pers i s t ent growt h 

ll r per s istent decline . l"lor eov e r . hi!;h d egr ee pol ynomic.ls eVen 

though the y show the b est meas ur e s of the good ntis of f i t , 

C ,~Jl g i vo very b ad trend extra,po l ations, becaus e estimat ed 

t r dnd i s too s ensitive t o t he irregul ar c ha11r;e s of data . 

ijec,: ,nd d egr ee p ll lynomLtl trend should b e inte r p r eted as 

trc;Ild ,lith dec r eaSing or increasing its first difl'erences 

but c ons tant s e c und differenc es . Third d egr ee pol ynomi a l 

tr,,:1u SllOW i t s third d iffe r ences a s c ons t ant " Equations 

(2 . 35) and (2 .36) c ont ain r e s p uctively thr eo or f our par a -

;J " t e r s . Leas t s quares f or mul a s fo r this par ame t ers presen ted 

L1 th", usual way ar e ve ry cumplic a t ed. Por t heir presentation 

is C.Plllic:d matrix n otati un . I t is possib l <, t o calculate 

thdll Wo3 i ng liWr G sophistic at ed de sk c alcul a t or s ~6J , ~7J , ur 

speci ~l curuput ~r p r ogr Gffis fo r pol yn omi a l appr oxi mation or for 

r2 t!;rt.s:s i un cJl1al ysis (comp ar ~ [28J ) _ i:J ome times polynotJi a l 

:"~)pr ;.; xi];JatiGn is i n cluded t u the s peci al c omput e r progr =s 

f r till,] seri e s dccomposi ti un. 

.Po l yn omi a ls such a s 

(2 . 35) illld (2 . 36 ) c an b o adjust 8d t o t he l ogarithrtii c t r ans ­

L Jr];Ja t i uns of t . s . observnti ons. It means t hat we f it 

exp0nentia l curve of t he s e c ond or t h ird d egree t o t he: ori ­

ginal dat :l . For ex nmpl e 

2 
(2 . 37) l og x = a ' + bt + c 't +e t t 

muans t ho.t 
t 2 

x t = a b t c (2 . 38) e t 

-,~l-jeTe ,:;, ; b ', c and abc are p a r rune t er s a ' = l Ob a , b ' =l og b 
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::-.ud c I = l og c, et - irregular t erLl of time series 0 

bqu ~,t ion (2 038) d escrib es exponenti al gr owth with constant 
s 0c ond ratios of estimated trend xt o 

It LltJens t hat 

- 1ft b 2t+1 q1 t = x t x t _1 = c 

q2t= q1tfi1t+1 = c (constant) 

i oe o constant s ec ond differ ences of l og x
t 

show that second 
r ati us of or i g i nal x t are cons t ant o 

204-08 0 SeJ. ec ti on of the curve to repr esent trend 

There is no single general rul e for the choic e of trend 
curve 0 :From t he d,ef i niti un of the noti on of trend 
it follows tha t the curve shold be as simp l e as 

possible o bometimes , if ther e ar e structural changes 
during the period consider ed it i s necessary to 

break up that peri od i nto parts, {i tti ng s eparate 
trend lines t o oach part o 

If it i s imp ossibl e t o de t er mine the appr opriate 
curve by s ubj oc tive inspection we may us e sone obj ec-
~~~~~~~~~~~~~~~ tive tests b ased on the rela tions betWeen t and xto 

By urr anging the natur al values of t in an arith­

metic series we g8 t a series of c orresponding 

successive values of x t whose d ifferences are called 
fi r st differencies 

Ll x = x t - x
t

_1 
second differ enc i es 

Jx = Lixt - LJxt _ 1 
3 

third di ffe r "nci es Li x , and so on o 
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Ii' the first differencie s are approximately c unstant 
the trend is expressod by a strai ght line, if the 

secund diff er encies ar e cunstant the trend cnn be 

expressed by a second degrec pol ynomial and s o on . 

oimilnr tests Llay be applied to differences not b e twecn 
the n 2.tural value of x t but between t heir l o[:;o.ri tp..I:lS ell' 

their r eciprocals. 

If the first differences uf the log=ithms are 

appr ux i mo.tely cc'nstnnt the trend of the t. s . will be 
expressed by un expunent i al curve (i. e . it wi ll be 

pussibl e tu f it a strai ght line t o t he log=i thms) if 

the sdc und diff erences of the l ogarithms are c ons tnnt it 

'-Till bt: possible to f it a secund degree polynomi nl t o 
the 10g=ithms and so nn. 

J_f the firs t differences of the logari thIns Clr e d eclining 

by appr oxi ill Cltely constant perc entage the trend \ViII be 
"xpresscd by u Gompertz curve . 

;:. .4. 9. 'l'h" fJe thod of [;loving aver aGes 

One Clltern:ltive t o fi tting n singl e high or der 

pulynomial t o the whole t.s . i s t o fit l ower- or der 
pu lyno.wials to sections of toS. This might be d one by 

di vi di nt; tIlt.) to S 0 p.p i nto c nUL1ber of sub- PlJricds t ·, 
Vlb. ich l OWer - order polynumials were fitted by l eas t 

squares . 'l'his has the d i sadvCllltage thClt there L1ay be no 

obvious criterion fo r splittini:j toS. into sub- periods 
nnd thdt there would b e problems Vli th the discontinuit i es 
i n [;lovi ng from one sub - peri od to another . 

One al ternati v e , I"hich nv oids b oth problems by n ot 
sp ecifying sep=ato sub- peri ods is the Be thud of movi ng 
o.vernge.s 0 
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The simp l e st application of this technique may be describ od 

·lS f ullows. 0uppose we hGVC il tot ill of l' equo.lly spacod 

" bserva ti L:llS on time s eries xt ' and chuos e 11 subperiod of 

1 0ng th r ( r<T) . iva then t3ke t he first r obsorvo.ti ':ms 

,lnd c a l cuLlte the ,crith I18 tic Qe • .ll 

1 
r 

r 

~Xt 

!k.villg c omputed this value , we move on by droppin;:; the 

:t i:L'st ,' os0rva tion and introducing the (r + 1) tho \10 thon 
C j.l.::- U t 0 

1 
r 

r + 1 

~ Xt 

' w we llove en d r u}Jpillg th" second observo.ti on and bri ng­

].:':b i"l t he (r+2) th observati on c Gnputing 
r+2 

1jr L x
t

. 
t=3 

Ii' t h" length of our sub - peri od is all even nUDber th" fir s t 

v'bs"rv:J.ti ()n in our n"~l s e ri es is l oc a t ed h a lf way beh/"''''n 

the; \r/2 +1) and (r/2+2) th observnti ons in the:; original 
.:3l.ri e s imd s o (in 0 'This is only n minor prubl em , sinc e by 
l;ddng the Clvernge of succ"ssive pairs u.f .J.vere.gGs Wt flay 
ct-ntrc tlw,,) on the urigina l ubs erva tions . If r is an cdd 
nu~ber , s ay r=2lil+1 , than no p r ob l eD aris e s , since the 

first 'Jb sorvati on in the n8W series will be l ocat ed nt t he 

S cill" point in tiDe as the (Iil+1 )th observation i n the uri ­

b i nel series. Let us denute the neN seri es by x
t

; t! = 
(r/2 +1 ) , (r/2 +2) , • • • , C'r- r/2) . 

1.'ho [tverag i ng proc ess tonds t o e linina te :;J "ricd t o 

~ J ri ud fluctua tions and p r oducGs a rJuch s1100 ther seri e s t h,:m 

t he! ,-,ri6 il1nl c,bservatiuns. The n we can d escribe th u rusul t 
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of the c.v e r agi ng as smoothing :,'f to s 0 It is t o bo no t ed 

tha t the me thod of moving aVerage s has a descriptiv~ r a ther 

t h:.ul nu c.nalytical v Cllue; it does not deteruine the rule of 

v=i ntion of the v o.riable x t as a functi on of tine . 

6i nce the str aight line estiuated by least squares 

paSS eS thr e,uGh the wean p oint ex,O of the dispersicn of 

th0 data end e:lch noving av er age v alue is l ocated in the 

1';e ,111 .p0int of each r subset of t.s. ob servati ons VI e C9.Il 

cdlclude th:..c t- siLlpl e averagi ng is equival ent to fitting a 

linear trend by l east squares t o successive blocks of r 

(b",,,r vati 0ns and only us i n g a l:ted iuu po i nts of thi s lines a s 
est i nat ed trend v alue o 

It is poss i ble to fit qu adra tic or h i gher - orde r poly-

11011i o.ls instoad of strai€;ht line . I nstead of siople 

l =i thL18tic) average uf' cOIl:o; ecuti ve r observa tions lie u s c 

i :l this l as t c etse weighted av erages whose I'le ights f ollow 

fr 0Ll the higher d egr ee polynowials adjusted t o subperi cds 

,) f r observat i uns . \Jeight ed I:l . av . so called opencer's 

15- t er m av er age cnu b e shown as a set of we i ghts by 

which c unsecutive t. s o obs erva tions should be multiplied , 
ia l.:.- CI 

Xt - 7 = - Oo009x_14- 0 . 019xt_13- 0 . 016xt_12+0 . 009Xt _11 

+Oo066xt_10+0.144xt _9+00209xt _S+O.231Xt_7 

+O.209xt_6 +0 0114Xt_5+0 . 066xt_l.+O. 009xt _3 

- Oo016xt_2- 0 . 019xt _1- 0 0009xt 

whor e t = 15 , 16 , 0 •• , T 

ouch :Joving av e r age cnu r epr oduc e up t o cubic (third d egr ee ) 

~)0 1ynv~i al trend , but has the dis advantage tha t d on ' t r escv e 

ex actly tho seasonal v ariClbil i ty 0 
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",uch l~oving averoges are appl ied in c0Elbination with s i Dple 
i1Lvint:; :lveroges in iterative me thods of time s eries dec cEl­
pusition (cuupo.re secti un 2 . 5). 

vne question which re11ains to be answered is h ovl the 

v~lue of r (the l enbth of moving aver age) is to be chosen . 

The rule is the l onger is the moving over age the smoother 

the r esult i ng seri es will be , so that movin€; average should 
be l ong enough to elii!linate periodical fluctuat i ons in the 
t.s. However r observati ons are 10st, since there are no 

v c.lues of the siJoo thed s eri es corresp unding t o the first r/2 

:'.lld l ast r/2 ob servati ons in the ori ginal series. The rul e , 

which is often applied is that one shuuld use the shortes t 
).:;)ving c..vero.ge which enables sr.lO othing of the periodical 
vo.ri :;.ti 0n . 
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bX[11.1p le 2 

1) CnlculClte 4 te r Ll movi ng o.vero.~e of the x t t.s. Olnd 

c",ntro.liz e it un t= 3,4 , 5,6, •. . , 2) Culcul Clte 5 tern 

: ~ c .vinE; o.ver ae;e x
3

' x4 ' . .. on the S£:l:1e t. s. x t • 

. ~o.bJg_.2 

TiIJ.e seri es "Addis Abebo. Teff lU'ri vals 

(in quinto.ls) 1976- 1978" 
Centered 4 - terLl ];loving Clverage and 5- terD 

J:wvi ng o.verage 
.----:---- - -

4 - tern moving Centered 5- tern 
ne series : avero.ge : 4 - term moving I Tl 

" J , x
t 

moving averc.ge: 
avero.ges I 

162 . 6 = = 

= = -
175 . 5 = , = .. 

1- ·--1-
I 1 I 

t-:.'·--I_. , "1-
~X. +_ 

r · 167 • 5 = _ .... 
183.7 -+ 169.3 f~4--

--5-- 171 . 0 +-_. __ .. 
4 11 

.~.~~~._ =~~ . 1-~ 
! 

r--1 -

. 

i 6 , . r-r-

~f-

\. 1 

>. 8 ---

1. 7 

3.0 

;2.8 

~:E-' ' ~~_. 9 

10 I 0 . 4 

. -

'11-+-
12-l" 

:)4.':1-= 
114. 5 

• + _ _ ~. _ M 

---.~ . 

169.1 

167 . 1 --
.~ 

161.5 

155.9 i 1 : I 

I 156.5 
, , . 1 -

157 . 1 .-
157.8 i 

158 . 4 
'- -'--'- - '---' 

'165:5" 
169_·J._~ 

- . 
.159 .2 

150-~ --
150.1 

145.3 = _._----
=f = - -

= 

= --J 

~ - i 

! 169.3 

-~ 168.8 
I 

161. 5===1 
- , 

155.3 

162 . 0 

162.8 I 
--

151.7 ._. 

146.8 
= 
= .-
= 
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Cent er ed :ulOving averclges column 4 were c a lculated a s LlVe r c.g e s 

,_f ev er y two c 0nsecutive n()ncentercd o()ving o.v e r ,lge s (fron 

c ~' lULll1 3). hI t ern["ti v e method of c alcul a tie n i s p r esented 

b 81 0111 i n Table • 

.!:"~Fl.:'~,EB:..~rabJ~ 

C: \lcul uti on of 4 - tcrn centered moving avc r 2.Ges (part 

o f tiue series froLl Table 5) 

---r dULl of Centered 
tive D oD.Vernga rTiLle 

4c0nsecu 
-, 

pairs f r on 
rV(l- c olunn 2 (ColuJJn3) :8 

-'------J--; 'un of 
I ",e ries t . s. obse 

b x~_=-___ .:._ ~_s L ~' =1= 3 4 

1-16-2'-~2-' __ _ ~ __ , __ . ___ ~ +--- =f 
; - -- I ~_ ~ --- .- -I 'L:j 

i - 175 . 5__ ~ 669.9 -=r1 3'2..~ . ..Q..._-j--_1.L_9.~ 
1-- --- -- ---- ---- , 1 
1--'§1.,·L - -- ~..:!69 . =:=j 

- ---
161. 

I -
00'+ . I -. ' 

8 . 1 . _ 1352 . 4 ,---- --

I 
668 . 3 ' r-

6 . 8 1291.9 
623 . 6 

1251 . 9 -f---_ . ..,... .. -
9 .7 I I ' =r t- 628 . 3 
9 . 0 I - - - -"'--'----; 

1L 

11 

, 15 
I' 
L-_ , 
~ 13 -- -, 

156. 5 

t 1 5?..! _t--- ± 
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all m~ans of trEInSp ort is co=ected with seasons of the 

year . There are s~asonal peaks in the tourist traffic etc. 

"'l.s it was mentioned above fluctu.'3.tions in statist i cal 
da.ta folloll from organi zation of the production and social 
life and from l egi s l ative regulations . :For inst ance 

different payments which peopl e h ave to bring (house rents , " 

telephone , taxes) are not- equally d i stributed in time . 
Usually majority of the payments are accomplished in the 
l a3t days of the payment period. 

In SOLie countries with planned economy industrial 
pr oduct ion i s d i stributed unequally. I f a factory has t o 
implement an ailllual plan which is divided on quarter sub­
pL:ms aild if thi s factory has to settl e account from each 

qu ar ter subplan it is seli - understanding that all delays 
from the first and second months are made up in the last 
month uf the quarter . 

Uf course it does no t mean that unrythmical production 

lS a constant attribute of the centrally planned economy . 

ouch so called pur suit of the plan i s characteristic fo r the 
underdeveloped economic s lild is caused by the weekness of 

the i nfr as tructure (transport) and uneffective organization . 

It seems that problem of seasonal i ty in Lthiopian time 

series with short- term observati ons is more complicated 
them tha t fo r the countries f r om temper ate climate zone . 

The seasons of year i n bthiopi a are not very stronGly diff­
er enciated . Of cour se rainy se ason can cause some trou­
bles wi th transport and can give rise t o demand f or some 
kind of clothes. ouppl y and demand for dif ferent agri ­

cultural commoditi es vari es according to periods of year and 
so on . I t seems that in t . s . of developi ng countries there 
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ic a strmng irregular variabil i ty. Sometimes random 
vaTio.b ility is so big that seasonal pattern is c ompletely 
dominated by it and in consequence seasonal ity is diff­

icult to reveal and est i mate . 

2 . 5.2, H~asons for seasonal variation estima~ion 

In sone situations the seasonal vnriation may be ~ 

serious nuisance requiring special statistical attenti on " 

:F'or example an economic pol i cy maker who is tryin[5 to 
determine the underl ying L10vement in at. s. TIay find 

that on quarter to quarter basis the longer term trend 
or cyclical movements are completely dominated by the 

seasonal variation (unreadable). 

In such a Case it may be desirable to seasonally ad just 

the t.s . , that is to eliminate the seasonality from 
t.s. , in order to emphasize the longer run components. 

another re ason for seasonal vnri ation estimation is 
analysis of the seasonal pattern for plillllling and fore ­

castinb purpose . KnOwledge about the structure of 

seasonal vari ations is very important for the prop er 

supplying in seasonal ~oods , fu e l and energy end for 
pr oper organization of the t r ansportation service and 

security. In many situations knowl edge or possibility 

to for ec ast of seasonal ups and downs enables to av oid 
big lossos . 

2 . ) . j Kinds of the t . s . components connections 

TiL1e series may be concerned as the sum of trend , 
seasonali ty and irregular term , i . e . 

x = T + A + I m 
or as the product of factors 

X=TxS xl 
ill 

(2 . 39) 

(2. L.o) 
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The former model is the sum of mutually independent com­

punents and is called t . s . additive model. From (2.39) 
it is evident that trend , seasonal i ty and irregular vari ­
&tions are gener ated independently each other. AS the 
s easonality is d et ermined as repeated up 1.l11d down varia­

bility aruund the trend it is assumed that yearly sum of 
the sea s onal deviations f r om trend equals zero . 

In t he sec ond model trend is corrected by s easonal 

and irrebular f ac tors. This model is called a mult ipl i ca­
tjve t.s . model . 

deason al c omponents from this model can be presented as 

bm c an be negative 

b);t are measures of 

8m (1 + b
m

) (2 . 41) 

or p ositive , m means tha t both bm and 
seasonality c onnected with subp eri ods 

of ye nr , i . e . "lith Llonths in t.s. with monthly observations , 
with quart ers i:p. t . s. with quarterly observati ons and so on . 
The~ tGking intu c onsiderati on (2.41) , model (2.40) can be 
presented as foll ows 

and 

x = T(1 + b ) x I m 

x = (T + T b ) x I 
m 

where L:bm = 0 for each year , 

(2.42) 

(2 .43) 

Tbm is s easonal variation presented in the way 
:>.lternutive to (2.40) , as a time seri es of absolute sea-
s 0n:,1 deviations fr ma trend. 

Tbm ar e partly determined by trend , partly by sea ­
sonality of t.s . Therefore , our c onclusion is that s ea­

s on ality in the model (2 . 40) is not independent from trend. 

In practice models with interdependent trend , se 11SO­

n &lity and i r regular t erms seem~ to be closer to the real 
ec onomic and s oc i al life than additive mrodels because it 
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see~1s 't o be Llor e justified that size of seasonal and irrG-

lSul :cr vnri:lt i ollS v=ie s a cc ordine; t o the chnI1E5es of t. s. 

obs ·)r v J.ti ons level. 

1'(;\"1 we ar e going t o e},-"p l o.in thc simp l est method vf t. s. 

Q.,CjWl)vsition . \-ie Clsswne tha t we =e deal i ng with t.s . with 

L~tJl1thly ubservo.tions . 

2 . 5 04. '.i.' i DJ0 s cr~~. d 8c2mp osj ti.9n by !:le[ills..!}f s.J;...§ll-bY- s t l'P 

I1ethcd (nul ~Al?li_c ntive mod el ) 

To est i mat e s easonnl Llovewmt s in TJonthly dota we 

should cl", t0ruine thE: r ot ics of these data tc t he corres ­

ponding values of the cent ered 12 month I10ving avcr~ge 

c 'Ju1puted beforeha..td or to the trend v nlues c a l cul :J.tGd on 

t he bUSG of aIlnlyti cal funct i on adjusted to the tos. As 

r "sult We r eceive t.s. of rati os 
A 

Hm X/T = T x G x I/T = ~ x I x D (24 04) m n 
whe~c () D i s c ontill~ination intruduced t o the; l~ r :\tios 

~ ~ 
b 8CQUSG esti mated tre nd (T) usually is no t qu itu ade qu nte 

t u t he ti~e series d ata . 

' •• h en sil2ple ;;wthGmo.tic a l functi un ur !:loving av e r cg8 i s 

uppliGd fur est i uat i un of tre nd often ther e c~e sume 

p=ts of ti;)c seri e s f ur 1rThich est i r:w.ttJd trend do not 

pass ex actly throu6h dispers i on of d a ta . Gimpl e it:J.the­

u:ltic a l functi on or moving average uay prove n ot sen­

sitive en ough t c reproduce 0.11 f l uClctua t i ons of the time 

seri e s . It is n o t d r :J.vlback of tha t treml estiu:J.tes since 

Clcc urding t o our defi nit i on trend is = image of l ong 

t er u general d irect i on of deve l opnent . Ther efor e , f luc ­

tuations defin€d as g ood and bo.d ye ars could b e intor p r e ­

t"d os r = d or:J. deviatiuns fr om the trend l asting fe", 
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l1Cmth u l' even t utal y ears. Looking fr om t h i s puint of view 

.iJ st:.cnd s ,-uvng o thers for this l ong run r anduTIl devi :ltions 

f r vLl trend. 

-,, 'r OB (2 . 44) is evident tho t f or calcul atiun of B c oe ­
n 

ffici ents >/e should elininate IxD f actor. To rec eive ilvnthly 

coefficie nts (8m) , r atios RL] shuuld be 3.v e r o.ged s epnr c.t .:;l y 

f ur each subp eriod (llonth) ill sinply by c a lcul a ting '-1I'i th­

Iw tic .:1Oan f ur each J:1vnthly subset vf r a tios. 

'.2he averages (sometime express ed in perc ent at.,<:s) 

.Jbt ::ci ned =10 c 8.11od Prelimino.ry tieas onc.l Index<:s .s.nd r q) ­

r e sen t S D = 1;)' , The overage of the seasonnl index<Js ;S 
ill D 1'1 

W,dllJ. e qu::tl t o one (or 100%) . It is =ong vthers beecnu se 

vf t he v ' c OLlponent inclusion t hat average of the prelll1i ­

n:::ry suasonal indexes do not satisfy this conditi on . 

ThGref0r e , to adjust prelij~in=y s easonal index e s t o 

give L~verngu 1 (or 100%) we should calculate nri thIJct ic D':;nll 

( f t lle tj ' L] 

"el eli vide ,-, 3.ch 

12 

L s 1 
= 12 

r:J =1 
. , . S 

..:in lnto 

8 ' Is = 0 D' 
r:J l:l 

ID ' 

0" 
0ru. = 

= S 
III 

D' 

t u r"cei v,," se3.sunnl indexes 8 whose avernge equC',l s 
11 

1( l. r 100%) 

_ill J i j;l.. ve Be-d e l 

(2 . Lf5) 

(2 .46 ) 

If V/IO c onsitler sens onal LlOVeiJents t o be independent c f 

t'G trend LWV0u(:nts i . e . as Gn additive c omp onent r c.ther 

t 1:':1 .1S C\ n ul tiplicative fact-)r, W(J Llay construct se a s on::tl 

Ldic os by c U;Clputing the differences b8twcen oriGina l 
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--"unthl y duta ,md the currespunding v a l ues of t he 12- Llonth 

:j::Jv i l1b av e r aGe or trend value s calcul a t ed on the b a se of 

f unction ndjustdu t o the t.s. data , i. e . 

H . 
l1J 

~ X - T~ (T " + A + I) - T A + I + D 
Q ill 

(2 .47) 

wlkre j~ 1 , 2 , ••• , N - nuubors of consecuti vu years . 

To s l i !",lina t o irregul o.r cU11ponent and part of the c ontOlli n ­

~,t i Gn D we shuuld nv e r !.l.be out of the d iff e r unces 1. - T f or 

.., Clch c;,:nth sep =ately ov e r a nuwb e r of y ears 

A ' ~ ~ 
1'1 Ii ~ ~ . f or ill ~ 1, 2, ••• , 12 

. 1 J 
J~ 

(2 . 4-8) 

\falues A' = e prc l i u i nar y seasonal c Ol'p on ents . n . 
Each A I 

Ll 
i s c onposed of true fJonthly seasonal conpon ent 

.d 
n 

8.Ild r es idua l c ontami n a tiun .0 ' 

beasonal c Ollponents All ' as up and down devi ati ons f r olJ 

trend , should ful fi l condition 

12 

~ A ~ 0 
ill 

'1'v ostiLJ,:\t e 11. neasures 
ill 

c:"lcul :J.tLl av er age val ue 

punonts L\'~ =d subtr act 
1 

,.\. ~ 12 

A == A ' 
11 II 

(2 .4-9) 

sntisfying ab uve c onditiun we shoul d 

of the preliLlinary season;)l CO:1-

LA' ill 

it from each A ' v alue 
ill 

(2 . 50 ) 

>1. (2.51 ) 

s ec.s Jn o.l uevi ations A ( absolute v a l ues) c = b e p r esented 
ill 

i n the f or m of sea sona l c oeffici e n ts ( r el at ive wuasur e s ) 

by calcul ati on r ati os of the seasonal devi ation A t o 
ill 

c Jrrc.sjJonding trend v alue f r om t he Gxani ned year c.nd by 

:.\uditi on of 1 t o each r atio , i. e . 

s . 
mJ 

~ 1 + A IT . 
TI u J 

(2 . 52) 



" 66 = 

FrUl:t (2 . 52) foll owo t h c::t for each year we ~@t 

of twelve seasonal 
" parts of the trend 

c oeffici ents boj • 

v a lue f r oo year j, 

sC .:ls:mal deviation A 
o 

~xeE2_il'!d 3 

Each S . 
o J 

lJonth 0 , 

one set 

shOlvs what 

represents 

Estin ate trend LUld oul tiplicati ve s easonal fact ors f or 

t Il(; tille c;eri e s \Vi th quarterly observat i ons "Vol ur18 of 

eX".;?v r ts of pul ses i n oetric t ons in 1973 - 1978" 
J>lrp ly a s approxiLl Cltion of a trend 

1 . 1l. siLlple hlClthelilatical functi on 

2 . l'ioving average 

Tc.bld 6 

Vvluue of exp orts of poulses in TIe tric t ons in 1973- 1978 

Years _"".ua r ters Totals 
I II III IV for years 

1973 34 . 7 41 . 3 29.1 36 . 5 141.6 
1974 53 .2 24.4 23 . 7 25 . 3 126.6 
1975 31 . 5 31 .8 18 .8 16.7 98 .8 
1976 17 . 7 32 . 9 19 . 1 21 . 2 90 . 9 
1977 27 . 4 24 . 9 18 . 3 15.0 85 . 6 
1978 1' 9. 1 3.8 3. 0 8 . 0 23 . 9 

.:)uurce : I.;;uarterly Bulleti nf?4J , June 1979 

The choice of tre nd was d one fo r str a ight line , 

exponentia l , pmver and logari tbni c curves. li e get . the 

fc; l lawi ng coeffici ent of dete iminat"i ons ·. (R2 ) : 

strai ght linc 

exp onenti a l 

1 0G.:lrithu ic 

pOVJer 

0 . 634 
0 . 603 
0 . 506 
0 . 408 
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The bes t fitting is a straight line fr om whi,-;h the fo llowing 

equation was esti mated 

X t = 40 . 37 - 1 . 34to (2 . 53 ) 
~ , ~ v 

If we are forced to perfor m. c alculations by hand or 
only Vi i th simple (unprog;ra:tllJllable) calculator we can apply 
simplified approach which requires for less comput ati onal 

work, Instead of fitting curve to the original t i me seri es 
data , we can adjus t trend line to the annual averages of 
t he time series observations using as time variabl e corre s ­

pond ing averae;es of original time variable t . we shoul d 

r eceive p arameters not much different from these r esultting 

from employment of full s e t of data o -'ie rece i ve fol lowi ng 
equation of a str ai5ht line 

Xt = 39 07 - 1.28t (2 . 54 ) 

0tra i s ht line t r ends r esulting from both (2 053) and (2.54) 
equutions are shown as columns 3 and Lf i n worki ng Tabl e 1 . 
Si mplifi ed estirJation procedure i s shown in Ilor k ing Table 
2 wher e logarithmic curve i s adjusted to tiLle s eries of 
unnu::ll aver ages . 
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Working Table 1 

Time Linear Li near Ratios Centr ed Ratios 
t . series trend trend xt/xt 4- term xt/xt J xt 

~ 

x t Xt1 m. av 
equ . 2 .53 ( eqtl·2 .54 

xt I , 

1· 34.7 39.0 38.4 0.8897 
2 41 .3 37.7 37 . 1 1.0955 
3' 29 .1 36 .4 35 . 9 0 . 79~~ ~~.7 0.7\? 4. 36.5 35.0 34 . 6 1 . 042 . 9 0.96 1 
g. ~3.2 33.'{ 33.~ 1.5786 35.2 1·2~14 

24.4 32.3 32.0 0.7554 33.1 0.7372 
7 ~§:~ 31 ~~ ~~:~ O.\~~~ ~~ . o 0.8172 
8 29. 0.8 1 2 .2 0.'1301 
9 31 .5 28.3 28 . 2 1 . 1131 27.5 1.1455 

10 31.8 27.0 . 26 . 9 1.1778 25.8 1.2326 
11 18.8 25 . 6 25 . 6 0.7344 23 . 0 0.8174 
12 16.7 24.3 24.4 0 . 6872 21 .4 0.7804 
13 17·7 23.0 23 . 10 0.7696 21.6 0.8194 

.14 32.9 21 . 6 21.8 1.5231 22.2 1.4820 
15 19.1 20~g 20 . 5 . 0 •. 94~~ 24.0 0 .• ~~(8. 16 . 21 . 2 . 18. 19.3 1.121 24 . 2 0.8 60 
17 27.4 17 . 6 18.0 1.5568 23.1 1.1861 
18 24.9 16.3 16.7 1.5276 22.2 1.1216 
19 18 . 3 14.9 15 .4 1 . 2282 19.1 0.9581 
20 15.0 13.6 14.1 1.1029 14.2 1.0563 

~~ 'Z . ' I '12.2 12.8 0 .7459 10.0 0.~100 
3 . 8 10 . 9 11.5 0.3486 6 . 9 0.5507 

23 3.0 9 . 6 10 ~ § 0.3125 
24 8 . 0 8 . 2 8 . 0 . 9756 

TOTJIL 567..,4 567 . 1 568 . 9 - - -

Working Table 2 

~ 't (Ave;~es '~ (logt . )2 ( time series Xtlogt j of t he avera- of t J J 
es for 2 ears) vari~l e) _ 

~_.4 2 .::> 0 . 39'L'i 0.1583 14.0 

F 31.6 6 . ') 0 . 812,) 0.6608 2';l.6 l 

2q.·2 10.') '1 . 02'12 ' 1 . 0428 25.< 
.~ 22.7 14.) 1.1614 1.3488 26. 6 

2'1.4 18 . ') '1.26';2 1 . 6058 27. '2 
b .O 22.5 ' l. j522 1 . 8284 8.'1'1 

14'1.8 75.00 6 . 0128 6.6449 126.52 
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Logarithmic function : 

Xt ~ a + log t + et 
rar ameters a and b are calculated on the bas e of formulas 

(2 .1 3) and (2 . 14) 
126 . 59 _ 141 . 8 ' 6 . 0128 

b ~ 6 
6.6449 _ (6.0128)2 

6 

~ - 25.05 

a~ ( 141.8 :6) - ( - 25 . 05)x(6. 0128 : 6)~ 48 . 7 

Equat ion of logarithmic curve : 

Xt ~ 48 . 7 - 25 . 05 log t (2 . 55) 

For calculat ion of s easonal coefficients trend c al­
cula t ed on the base of formul a ( 2.53) was appl i ed . This trend 
is snown in \.forki ng Table 1 as column 3 and i n column 5 a r e 
pr esented r atios of original observa t i ons and corresponding 

t rend values: 

Rt = Xt/Tt ~ Xt/Xt (2 . 56) 

In t he j,Jorking Table 3 the same r atios are arranged by 
quart ers . 

'lorking Tabl e 3 

Years 

1973 
1974 
1975 
1976 
1977 
1978 

Av er age 
(S:' ) -

-
Quarters 

"' 

I I--II - - -
0 . 8897 1 . 0955 
1 .5786 0 . 7554 
1 . 1131 1 . 1778 
0 . 7696 1 . 5231 
1 . 5568 1 . 5276 
0 . 7459 0 . 3486 

1.1090 1 . 0713 
- ---'--

S ' ~ 3. 9409 _m 

III 

0 . 7995 
0 .7645 
0 . 7344 
0 . 9409 
1 . 2282 
0 . 3125 

0 . 7967 

S ' ~ 3 . 9409 :4 ~ 0 . 9852 

IV 

1 . 0 L'29 

0 . 8519 
0 . 6872 
1 . 1217 
1 . 1029 
0 . 9756 

0 . 9637 
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J...veraging columns of \{orking Table 3 He received preliminary 

Seasonal Coeffic i ents . These prel i minary coeffici ent aft er 
adjustment to total 4 . 000 (average 1.000 ) constitute Final 

Seasonal Coefficients Sm . Adjustment i s done by dividing 
each prelimi nary coeffi c i ent S~ i nto their average S', i. e . 

, 
S1 ; 1. 1090 0 . 9852 ; 1 . 1257 

S2 ; 1.0713 0.9852 ; 1.0874 

S3 ; 0 . 7968 0 . 9852 ; 0.8088 

S4 ; 0 . 9637 0 . 9852 ; 0.9782 

TOTAL ; 4 . 0001 

The same procedure was appl i ed for estimation of constant 
seasonal coefficients i n the case of t r end approximated by 
4-term c entrejl moving av erage . l'Ioving average and ratios 
original to moving average ar e sh6wn as co lumns 6 and 7 
in Working Tabl e 1 . The same ratios arranged by quarters 

are shown in "Jorking Table 4 . 

Working Table 4 

Quarterly ratios Xt/ Xt • 

years - ~uarters 
I - ---. rr-- III 

. 

1973 -
1974 1.5114 
1975 1.1455 
1976 0 . 8194 
1977 1.1861 

1978 0 .91O£.. 
Ave r age 1 . 1145 

(S' ) m 

S' ; 3 . 8925 m 
-S ; 0 . 9731 

- 0 . 7715 
0 . 7372 0 . 8172 
1 . 2326 0 . 8174 
1.4820 0.7958 
1 .1 216 0 . 9581 

0 .5507 -

1 .0248 0.8320 

IV 

0 . 9631 
0 . 9301 
0 . 7804 
0 . 8760 
1.0563 

-
0.9212 
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Q,u uI't 8rly Final Seasonal Coeffi ci ents are calculated as 

follo,"ls : 

S1 = 1 . 1145/0 . 9731 = 1.1453 

S2 = 1 . 0248/0 . 9731 = 1.0531 

S3 = 0.8320/0 . 9731 = 0 . 8550 

SL> = 0 . 9212/0 . 9731 = 0 . 9467 , 
- , .. ,-.~ -,--., 

TOTicL 4 . 0001 

Se a s ona lly adjust~~eFies and goodness of fit 
Seasonally adjusted time series i s serie s with 

elimi nat e d s easonality. Adjustment is performed in orde r 

to emphas i ze the l onger run components and to give poss i­
bility to follow and i nterpret irregul ar deviation s from 
tr(~nd . 

To eliminate seasonality from t i me serie s with multi­

plica t i v e connect i ons of the trend and seasonality we 
should simpl y divide original obs ervations by s easonal 

coeffici ents. 

Time serie s with r emoved seasonality are presented in 
columns 1 and 4 of Tabl e 5 . It is seen that calculated 

a bove two s ets of seasonal coefficients produced simila r 
seasonally adjusted s eries . 

Seasonally adjusted seri e s xA contai ns trend and 
irregular t e rm : 

xA
= xis = TSI/T TI (2.57) 

Si n c e i rregul ars i n multiplicat ive modul are determi ned as 
co effic i Emt s 

It = (1 + it) 
subtrqction of the trend from s easonally adjusted series 

(2.57) may be ShO \vTI as estimation of irregular deviations 
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from trend 

TI - T = T(1 + i ) - T = Ti=et (2 . 58) 

These i rregul ar deviat i ons for the cases of the strai ght 

line trend and movi ng averages are pres ented i n co lumns ' ! 

2 and 5 in Vlorking Table 5 and their squar es are shown in 

co l umns 3 and 6 . Sums of squar ed irregul ar devi ations (~e~) 
are applied for calculat i on of standar d errors of the 
adjusted time seri es mode l s . 

Se = V~e~/(T - k) (2 .59) 
wher e T - k stands for degrees of freedom , k i s the number 
of time series parameters. For the flo del wi th straight l i ne 
trend k=6 ( 2 parame t ers f or st r a i ght line trend and 4 para­

meters for seasonality). For the model wi th movi ng ave rage 
k=5 ( 1 paramet er for movi ng average and 4 paramet ers for 
s easonal coeffi cients ) . 
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\lo r k i ng Ta ble 5 
Seasonal l y adjusted time s eries "VolUI:le of exports of 
pul ses i n net ric tons i n 1973 - 1978" and estimation of 
i t s irregul ar compon ent 

1--··-- ---- .- - .-. ... -- - --
Moving av e r age __ Th.~straigl:~JiI!.~t,.Een?-

Seasonally Residual Squarred Seasonally Re s idua l I Squ arred 
_ aj.justed c omP.0E-.en t irregular _ adjust ed component i r r egul a r 

30.8 - 8 . 2 67 . 2 30 . 3 - -
38 . 0 0 . 3 0 . 1 39 . 2 - -
36 . 0 - 0 . 4 0.2 34.0 - 3.7 13 .7 
37 . 3 2 . 3 5.3 38 . 6 0.7 0 .5 
47 . 3 13. 6 185.0 46.5 11.3 127 . 7 
22 . 4 - 9 . 9 95 . 0 23.2 - 9 .9 98 . 0 
29 . 3 - 1.7 2.9 27 . 7 - 1 . 3 1.7 
,, - 9 <=-7 · - 3 . 5 14 . 4 26.7 - 0.5 0 . 3 
23 . 0 - 0 .3 0 . 1 27 . 5 0 .0 0 . 0 
29 . 2 2 . 2 4. 8 30.2 4.4 19 . 4 
23 . 2 - 2 . 4 5.8 22 . 0 - 1.0 1 . 0 
17 . -I - 7. 2 51.8 17 . 6 - 3. 8 14 .4 
15 . 7 - 7 . 3 53.3 15 . 5 - 6.1 37 . 2 
30 . 3 8 . 7 75.7 31.2 9 . 0 81 . 0 
23 . 6 3. 3 10 . 9 22.3 - 1.7 2 . 9 
21 . 7 2 . 8 7.8 22 . 4 - 1 . 8 3. 2 
24 . 3 6 . 7 44.9 23 . 9 0 . 8 0 . 6 
22 . 9 6 . 6 43 . 6 23.6 1 . 4 2 . 0 
22 . 6 7 . 7 59 . 3 21 . 4 2.3 5 . 3 
15. 3 1 . 7 2 . 9 15.8 1.6 2 . 6 

8 . 1 - 4 .1 16 . 8 7 . 9 - 2 . 1 4 .4 
3.5 - 7 . 4 , 54 . 8 3 . 6 - 3. 3 10 . 9 
3.7 - 5 . 9 

; 
34 . 8 3.5 I - -

8 . 2 0 . 0 , 0 . 0 8 . 5 - -
__ .....26.4 •2 - 4 . 7 . 840 . 4 563 . 1 426 .7 



= 74 = 

Seasonal ly adjusted series (columns 1 and 4 i n Working 
Table 5)wer e calculated by dividing original t.s. obser­

vations i nto estimated s easonal coefficients. Therefore, 
seasonally adjusted series contai ns trend and irregular 
term : 

xA = X/om = rSmI/Sm = TI (2 . 60) 

Substructing f rom xA seri es estimated trend (moving 
average) we received esti mation of irregular deviations 
f r om trend lcolumns 2 and 5). 

A r.,.... ,... ,..., 

X - T = T I - T = T(1+i t ) -T= T+Tit- T = et, (2 . 61) 

which are the base for calculation of standard errors of 
the adjusted time series models 

1) Goodness of f i t for the time series model with the 
strai ght line trend is as follows : 

i ) Standard error 

Se = V840 .4/18 = V46 . 7 = 6.8 

St andard deviation and vari ance of t.s. 
2 - 2 

Sex) = 10.9 S (x) = 118.9 I(Xt - X) = 2854 

i i) De t er mi nation coeffi cient 

2 R = 1- 840 . 4/2854 = 0 . 706 
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;,bout 70 % of the tota l time serie s v ariance is expl a ined 

by ad justed trend and s eas onal coefficients. 

2) Goodnes s of fit for the time s eries Bode l with movlng 
av e r aGe trend i s a s fo llows : 

i) Standard error 

Se= \J426 .7/ 15 = 1/28.4 = 5.3 

standard cevi ation and variance of t.s. (without 
f i rst and las t two observations) 

S( x)= 10 .6 S2(x) = 112.7 

ii) DeterBinat i on co efficient 

R2 = 1 - 426/2254 = 0 . 811 

I(xt - i) 2= 2254 

:.bout 81 % of the tota l time s erie s v ariance is expl ained 
by adjusted moving av er age and seasona l c oeffici ent s . 

2 .5. 5 . Changes (shifts) in s easonal pattern 

So f a r we wer e deal ing with constant seas onality 
i . e . s easonal variation was e stimated as one set of 

monthly or quarterly s easonal s easona l coefficients or 

devia t i ons from trend , which s erv"d as a me asure of 
s easonal vari ation for all examined period . But i n the 

r eal life s easonal i ty undergo to changes , such as changes 

of s easonal amplitude s i. e. size of devi a tions from trend 
or/and shifts of seasonal peaks from one to anothe r month. 
Changes of seasonal auplitudes are shown in Fig.1 3 shift 

of s easonal peak is shown in Fig.14. These two kinds of 
change s illay occur jOintly. 

/ 

Fi g .1 3. Seasonal ity with increasing aoplitude s 
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Fi g . 14 . beasonal ity with shif t ed seasonal peaks. 

Changes of the structure of seasonality may be ab rupt, 

irr~l ar or progressive ( r egul ar). 

The r e ason f or abrupt change may be war , change of 
organization or l egislat ive regulations. This kind of change 

consists in the shift or even in the r eversing of the sea­

sonal ups and downs. 

The best what can be done when we are dealing wi th 
such t.s. i s to analyse each part (befor e and after change) 
s eparately. 

6easonality with irregular changes of seasonal 

p atter n , i . e . r andom shifts of s eusonal peaks and/or random 

change s of amplitudes of s easonal deviations from trend, 
should be r egard ed as s easonality with constant pattern. 

However , i n the case when irregular d is tur bances are very 
strong is difficult to separate seas onality fro~ irregular 

t erm . 

So called evaluti onary changi ng seasonal struc ture , i . e . 
progressively i ncreasing (decreasing) seasonal amplitudes 

and/or gradually shifting seasonal peaks is an example of 

r egul ar changes. This kind of change is characteri stic for 

devclopi ng economies . The r eason for such chrulges are in-
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vestments, technical innovations, improvement in manage­
ment ffild or6Wlization of economy , production ffild social 

life . 

'rhe simplest case of the chanbing seasonality ar e seasonal 
deviations from trend, increasing (decreasing) proportion-

8lly t o the increase (decrease) of a trend. Duch devi ations 
CWl be presented as constant seasonal coefficients in mul­

tiplicative t.s . model. It means that if we want to 

present multiplicat ive t.s. with constant seasonal coeffi ­
cient by means of additive model we will receive addit ive 
relations \'ii th seGsonal deviations from trend increasing 
(decreasing) proportionally t o the increase (decrease) of 

the trend. 

On the other hand if the true constant additive devia­
tions from trend are presented by illeans of multiplicative 

model , i.e . as coefficients correcting trend, we receive 
time series of changing seasonal coefficients. 
Very often seasonality changes independently from trend or 
it only partly depends on the trend. It means that after 

estimati on of trend , we should estimate monthly (quarterly) 

seasonal coefficients or deviations as simple functions of 
time . For each month (quarter) VIe hGve cot separate function 

which enables to calculate seasonGI coefficient (deviat ion) 
f or each year. We can extrapol ate measure of seasonality 

beyond the range of time series, for instance one year ahead . 

2.5.6 . Dtep- by- step method for changing seasonality 

Application of step- by- step approGch for estimation 

chilllging seasonality is shown in exercis e below. 

Nf~rc:i,l2...e"",± 
Estimate seasonal variation for "i.:)ugar production in 

Ethiopia in 1972- 1978". 
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App ly additive model . Choose between constant and 

chunginG s82.sonality. 

'I'nb le 7 

SUG= Eroducti on in ~tlliopi2. (in 100 kS ) 

r--;~-::--- ~~~ters L 'rotal ! 
:--197-2-443-\- -35i~6 1 -~~-t40;~8-;1-:20~8i 
I 1973 j531 . 1 377 . 4- 2 .11 330 . 4- 11 , 24-1 . 0 J 

: 19'74- 1351.7 4-38.5 31 .4- i 386 . 7j1,208.3 
1'375 5L>0.9 34-5 . 4- 14- . 3 I 34-9 . 0 , 1 , 24-9 . 6 
1976 154-2. 0 327 . 0 14- .9 1 363.91 1 ,24-7. 8 I 
197'/ 14-63 . 2 396 . 4- 17 . 6 369 . 4- 11 ,246 . 6 

____ _ 1?78~J.?~_:~ 5':~..:!l30 . 5 493.L> 11, 572~ 
uourc e : ",-uart erly Bulletin, i.:conomi c Husuarch and 

1'l ruming Divi s i on , "!.dais Ababa. 

I-Iorking 'l'abl e 1 

AdjustI.1ent of a straight line trend to the annual 

aver at:;e s 

1- -------'1 ~e:E:abe ~-r-- _ 1-;~lcuI~tedl 
Years Xj ~ tj tj - t trend Xj J 

'--1972- -'"301-:-7 I 2 . 5 - 12 I 289.7 ! 
1973 :, 310 . 3 I 6 . 51 - 8 I 300.0 ! 
1974- 302.1 I 10 . 5, - 4- i 310 . 2 It , . 
1975 II 312.3 i 14-. 5 i 0 320 . 5 

1 1976 312 . 0 ' 18 . 5 lj- 330.7 
.' i 
I 1977 311 .7 22.5 / 8 i 34-1. 0 
L _ :1_9ZSl._.l.92~2 _ _ !2'§~ ______ :J£.._i _ _ ...22..1_,-,.=2_ -, 
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The s trai ght line ad justed to data from column 2 of I'lorking 
Tabl e 1, using time vari able t. (column 3) i s as follows 

J 
X . = 283 .3+2.56 t. (2.63) 

J J 
De t er mi nati on coefficient 1(2 = 0 . 468 

To calculate trend values corresponding to original time 
series obser vations one should apply e quation 

Xt = 283.3 + 2 . 56t 

where t is time variable from Working 'lIable 2. 

',Jorking Tab l e 2 

(2.64) 

Trend ad justed to the quarterly data , and differences x-x 
r-- t---p 
--1-1'--

2 I 

'ri ginal t. s"TT'i-end 
xt 

'145 . 4 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 i 

I 24 I 
I 25 

27 • 

557.6 
4 . 0 

L01 . 8 
;31.1 
,77.4 

2 .1 
'30 . 4 
,51 .7 
38 .5 
31 .4 
86 . 7 
40.9 
45 . 4 
14. 3 
49 . 0 
42 . 0 
27 . 0 
14.9 
63 . 9 
53 . 2 
96 . 4 
17 . 6 
59 . 4 
11.8 
36.9 
30.5 I 26 Js;' 5. 

L93 . 4 
1' --T~~~lL 8~: 

.-- .-~---
\72 .7 

xt 
285.9 
288 .4 
291.0 
293 .5 
296 .1 
299.0 
301 . 2 
303.8 
306 . 4 
308 . 9 
311. 5 
31 4.1 
316 . 6 
319 .2 
321.8 
324.3 
326 . 9 
329.4 
332 . 0 
334 . 6 
337 . 1 
339.7 
342 . 3 
344.8 
347.4 
349 . 9 
352 . 5 
355.1 

8973.4 

Differences 
x-x 

'157.5 
69 . 2 

- 287.0 
108 . 3 
235.0 

78.4 
- 299 .1 

26 . 6 
45.3 

129 . 6 
- 280 .1 

72 . 6 
224.3 

26 .2 
- 307 .5 

24.7 
215 .1 

- 2.4 
- 317.1 

29 . 3 
126 . 1 

I 56 . 7 
- 324.7 I 

24.6 
164.4 
187.0 

- 322 .0 
138 . 3 

- 1. 0 
-
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"orkin:; T:lble 3 
Diffe r ences arranged by quarters 

Additive model 
Ye:1rs d i ffe r ences -- --

I II III II! 
.- - .- .-~--' --

1972 157.5 69 . 2 - 287 . 0 108 . 3 

1973 235 . 0 78.4 - 299 . '1 26 . 6 

1974 45 . 3 129 . 6 - 280 .1 72 . 6 

1975 224 . 3 26 . 2 - 307 . 5 24 . 7 

1976 215 . 1 - 2 .4 - 317.1 29 . 3 

19'77 126 . 1 56 . 7 - 324 . 7 2Lj· . 6 

___ 1 9'8L.~ 164.4 ~87 .9_ 1-' - 32.?0 138 . 3 
l-,ri th o 

c:verage 166 . 8 77 . 8 - 305 . 4 60 . 6 

uinc e tot al of p r eliminary additi ve deviations 
f r o;-n trend is 

A I = - 0.2 :::: 0 
m 

\'18 CGn take v alues A I as estimates of f inal constant 
m 

s 011son:11 devi ~,t ions, i. e . 

~1 = 166 . 8 ; K2 = 77 . 8; A3 = - 305.4; A4 = 60.6 

i,e h s.ve fo und line nr functi ons for each of the four sub­

sets of differcmce s from \wrking Tab l e 3 . These f unctions 
Qr~ the base fo r calcul ation of the preli~inary se asonal 

c o~ffici \cnts and prelimi nnry s easonal devi ations. The;y are 
shown balm-,: 

j,'0r the first qu crter 

"t,lt = 170.7 - 1 . Ot 2 R = 0 . 01 

",'or the s8c ond quarter 

A2t = 52 . 4 + 6 . 4 t 2 
R = 0 . 05 
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li'or the third quarter 2 , -A
3t

- - 277 . 8 - 6 . 9t R 0 .74 

:For thc fourth qu=tc:r 
, 

~·1.L~t 54 . 5 + 1.5t R2 = 0 . 005 

'rlh Gr," t = 1 , 2 , 3 , 4 , 5 , 6 , 7 . 

l't...r j}r o j ec tinc; (fOI"'8CastinL;) se[lsunal deviCttions 0110 

Y,,;.1.' ~18ad t = 8 sheul,,- be substi tuted t o the adjusted 

functi ons. 

'::;"n" jJr ," lidinary cllWlt;in(; seasonClI llevi ctions cdlcul Gted 

(Jll the: b" .st) Cld justuu functions C!r e stlOvm i n \iCJr kinG Table 4 . 

'. J(; rkil1t.~ ~Clble 4 

l--'rt.::l i tJ i nnry seasonal c Oillpon~nts 
, 

l1.Ii1t 

I~·_·~ · ~ .. -. --' --- " ~ .. u~;t:r~# -- --.- .-T: 
! YeClr r--r-"- j- "n'--r- 'iii- III I ... otds 
r- - . . -t ------. - - -4--- ------- I 

1 1972 i 169 . '1 , 58 . 8 I - 284 . '1 56 . 0 I - 0 .2 

1

1973 11 68 . 7 65 . 2 1 - 291 . 6 57 . 5 I - 0 . 2 

, 1 ':) '74 I 167 . 7 71 . 6 ! - 298.5 59 . 0 I - 0 . 2 

' 1975 166 . 7 78 . 0! - 305 . 4 / 60 . 5 I - 0 . 2 

1976 , 165 . 7 84 . 4 i - 312 . 3 '1 62 . 0 I - 0 . 2 

1977 1164 . 7 90 . 8! - 319 . 2 63 . 5 I - 0 . 2 i 
...291.~_ L 163_0' J_ 97 .e.?1-32~1i;5...&.....L::2..LJ 

,ji nc8 t otal of p r e lirJinClry seasonal devi a tions is ll(;=ly 

z,~r u , for each ;year , we Cilll t.lke them as the g ood appro ­

xi;:J2.ti on of thu final sea.sonal deviations , i . c . 

• , f _ ' 
.El,.n t - h.f:1 t 

.;j~.:ts0nillly ildjust"d ori ginal serius =d es til13.t uu 

irro;:,ul o.r turD elr" shown in ,.orking TClble 5. 
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·wor k i ng To.ble 5 

Ad ditive changi ng seasonality Additive constant-seasonality 
onally Irregular dquarred deasonally Irregular Squared ~

.-

bea 
ad ju sted terIJ irregulars adjus t ed term irregular 

8 

. s . t.s 
73.7 - 12.2 148 . 8 

I 
276.6 - 9.3 86 .4 

98 . 8 10.4 108 .2 279 . 8 - 8.6 74 . 0 
88 .7 - 2.3 5 . 3 309 . 4 18 . 4 338 . 5 
45 . 8 52 . 3 2735 . 3 341 . 2 47 .7 2275.3 
62 .4 66 . 3 I 4395 .7 364 . 3 68 . 2 4651 .2 
12 . 2 13 . 2 174.2 299.6 0 . 6 0. 4 
93 .7 - 7.5 56 .3 307 . 5 6 . 3 39 . 7 
72 . 9 - 30 . 9 954 . 8 269.8 - 34.0 1156.0 
84 . 0 I 122 . 4 14981 .8 184 . 9 - 121.5 14762.3 
66 . 9 58 . 0 3364.0 360 . 7 51 . 8 2683 .2 
29.9 18 . 4 338.6 336 . 8 25 . 3 640 . 0 
27 . 7 13 . 6 185 . 0 326.1 12. 0 144 . 0 
74 .2 57 . 6 3317.8 374 . 1 57.5 3306 . 3 
67 . 4 - 51 . 8 2683.2 267.6 - 51.6 2662.6 
19 . 7 - 2.1 4.4 319 .7 - 2.1 4 .4 
88 .5 - 35 . 8 1281 . 6 288 .4 - 35.9 1288.8 
76 . 3 49 . 4 2440 . 4 375 . 2 48 . 3 2332 . 9 
42. 6 - 86 . 8 7534 . 2 249 .2 - 80 .2 6432 . 0 
27 . 2 - 4.8 23 . 0 320 . 3 - 11.7 136 . 8 
01 . 9 - 32 . 7 1069 . 3 303.3 - 28 . 7 823 .7 
98 . 5 - 38 . 6 1490 . 0 296 . 4 - 40 . 7 1656.5 
05.6 - 34.1 1162 . 8 318 . 6 - 21 .1 445.2 
36 . 8 - 5 . 5 30.3 323.0 

I 
-1 9 .3 372 .5 

05 . 9 - 38 .9 1513 . 2 308 . 8 - 36 . 0 1296.0 
48 . 1 0 . 7 0.5 345 . 0 - 2 . 4 5.8 
39 . 7 89 . 8 8064 . 0 459 .1 109.2 11924.6 
56 . 6 4 .1 16 . 8 335.9 - 16 . 6 275 .5 

.28 .4 73 . 3 5372 . 9 432.8 77.7 6037.3 
74.1 0 .7 63451 . 6 8974.1 3 . 3 65851.4 -

Summary results : 

i ) Totals of the seasonally adjusted s eri e s for both 
changing and constant seasonality are 8974.1. 

, 

: 

ii) Variance 
iii) Total of 

of the originnl seri es : 36334 I (x 
t 

the squared irregular t erm 

-) 2 -x =1 , 017 , 352 . 

- for chrulgi ng s easonality : 
- for constant seasonal ity : 

63 ,451 . 6 
65 , 851 .4 
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iv) Nwnber of degrees of fre edoll 

- for :nodel Ilith clw.ng i nt; se o.sonulity : 28 - 10=18 

(2 trend parmwters 4x2 seasonal po.r _LU18ters) , 

- f or model \vi th constnnt seasoilali ty : 28 - 6=22 

(2 t n md p==eters +4 seasonal pUrall](oturs). 

v) 0tand=d er :i:ors 

- fo r challcing seas onnlity Liode l 

Se "g3,451 .6/18 \j 3525 ~'1 = 59 . 4 

- for constant seasonality 

B 2 \/65-,851 •4/22 = V2993.2 
vi) lJeterllina tion coeffic i ents 

- for changin~ aclJitive seasonality 

R2 = 0 . 938 

- fvr constant seasonality 
2 R = 0 . 935 

C.Jl1.clus i ()n '--_.- -- . ~-.~-.-

= 54.7 

1"10:1",1 with the str a i ght line trend o.nd const ant add itive 

s e ::svno.li ty 0)CjJl a ins about 93 % of tile t.s. vari anc e Vlhile 

,-oC::el with the Sillile trend and chang ing add i ti ve season ali i;y 

ocpl iJ.ins nbvut 9 4 $6 of the t .s. v a r iance . 

2 . 5 . 7 . oep c.r c.t i on of the business cyc l e cOYlpon_~t 

TilJe series decomposit i on methods were oric;ino.ted 

::round the end of XIX th century and were re s ults of 

wcr ks a ttempting to separ a te fr om tiille series business 

cycle indicators . 

Bit:; o.dvcll1ce i n decOlilposi tion Ilethods was done a t t he 

b~'binl1inG of the XXt h century when \Vas develop.:.;ci [lnd 
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~eneralized the procedure of trend es timati on by means 
of simpl e and wei f5hted moving aver ages . SaLle economist 
tr i ed to isol ate and predict changes of business cyc l e . 

To d o it they had t o esti LHlt e and r emove trend and 

s eason al variation. In Pranc e a committee was appoin­

t ed which i n 191 1 pr es ent ed a r eport dealing with the 
re asons and causes of economi c cri sis of 1907. It in­
troduc ed the idea of so c all ed le adi ng and coincidental 
business cycl e indicators and uttemp ted t o separate the 
t r end from the cycle so tha t the movement of the l atter 

could be f ollowed . lit the s ame time the Llethod viaS 

el ab or a t ed upon in the U8A , and the idea of constructing 
so c alled b ar oLle t er s of business acti vi tyjWas developed . 
Barome t ers of business activity cinsisted of t he s e t of 

l eading and coincidental indi cators and me t hod of trend 
and s easonal f actors separ ati on fr om the time s eri es. 

The proc ess of decompos ition was r efined by }l' . H. 

l"Io.caul ay [1 3] who in 1930 introduced the ratio- to - moving­

aver Q[;cs method , vari ations of Ivhich ar e the most Ivide ly 
us ed today. It cons i sts of three b as ic st ep s : firs t, the 

c alculati on of the pr eliminary seasonal factors , whi ch are 

the r at ios of the original observations t o a 12 month moving 
averages , then through aver aging the s eas on al f ac t ors we 
obt ai n 12 monthly (or 4 quarterl y) seasonal indices ; s econdl y , 
the trend is calcul ated f or each point and thirdly , the trend 
is di vided into the noving av eraged data with the r esult of 

obtainin~ the cycl i cal f actors . Tha t i s , assumming a multi­
plic'ative rel ati onship (an additive model will behav e in a 

smilax way) , whose s easonal p attern i s of 12- period dur a­
tion , we h ave: 

X= T· e · S· I (2.65) 
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I'lherc T is the trend component , 
o is the cyclical cOl'lponent 

.:> is the s00.sonal cO..lpunent 

I is the random (irregular ) c omponent 

JJ1.;LJA2E..L..~t0P c unsists of 

r1 ~ TO (2 . 66) 

.,her", l'i is il 12- t " rJ:l .noviIlt:; aver J6e of X which el i ninntes 
t l1J soasonal i t y a':ld .:: gr~ ::lt deal of irregular variab ility , 

Next , dividing original t . s. into ;:Joving aver age !I He bo t 
pr,c li;,lin..:ry S8:1sonal coefficionts 

'-' ~ X/I'i ~ TCuI/TO ~ bI (2.67) 

']':1r JUgll &v e:ro.Ginr; (2 . 67) \Ie elimino.te the irrcgulari ty, 

so t h", r8LuininE; can be considered as the seasonnl indic es : 

- 1 
D j -12" 

12 
'-:::­
/ 
i~1 

j~1,2 , •• • , N 

" , .." . 
lJ 

N is the l1U1lbcr of years. 

utep two lS 

T= 'P (t) 

(2 .68 ) 

(2.69) 
1,.'hero T' i s funct i on (0. strai ght line , exponenti al , loe:;il-

ri th.uic o.lld so on) fitted to the ori ginal dnta by the least 
squar es lJe thod . 

Final ly , i n step three: we divide (2 . 69) by (2.6G) t o 
obtain 0 , en estillate of the cyclical elemont 

C = TO/T (2.70) 

The cyclical fluctu ations ar c lOl1g term fluc t uati ons 
wi th r andom period ilnd =pli tude , i. e . the l ength of t he 

cycl es and distance from the peak to the botton vary r3..ndu~ly . 
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For the analysis of the present state of the cycl e, i.e. 
fGr the analysis if at prosent time cycle is in its way 

down , up or is changing its directiun , we shoul d apply 
estiuated seasonal factors and predi cted trend value. 

Dividing actual t.s. observations by corresponding 

s easonal coefficients and f orecasted trend we get dat a 

about actual state of cyclic al fluctuation i.e. 

X/Tcl = CI (2 . 71 ) 

Infor m:ltion about the cyclical IJovement is contarJinated 
by irre~ular vari ation . Usually it is possible t o assess 

the direction of the cyclic al changes even in the presence 

of the irregular disturbances . 

clometimes, seasonally ad justed data , i. e . data containing 
the trend , cycl e =d irreguL:lr variati on is presented in­
stead of cycle - irregul ar data . Buch d ata show both trend 

and cyclical changes. 

2 . 5 . 8 . Computer pro~rams for the t.s. decompo2it i on 

Presented above the ratio- to- rroving- averages met hod 

is the basis for comput erized method of the t . s. decoJ!lposi­

tion known as the Census II 11ethod , "'Thich has been deve ­

l oped i n UclA a.."ld now is used allover the world. 

This method (se e publications [4 , 14 , 20J differs from 
l'lo.caul ay ' s ori ginal me thod in thnt (a) it uses i mproved 
moving av er ages in order t o compute the seasonal factors 

and the trend- cycle cur ves (b) it replaces the v:llues 

l ost in the beginning and the enu. of t he seri es because 

of the i.lOving averae;es by calculated values, (c) it 
r epl aces extreme (outlying) observations by some assessed 

values, Cd) it takes i n t o account trading day variation , 
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(8) Iil0S t i 8por t ant , i t isola t8s ~ach cOilponent one a t 

u 'GiLi", , by first calcul atinG crude 8s t i n:1tos which are 

furthe r r ufin(;d . 

This r 8f i tlL1ont process consists of (8) t ,w 

os t i u:1tion of tho t r end - cyc l e by u eC\llS of 12- 11onths 

Il . c\V. anJ. by the c alcuLlt i on se1lsull al f ac t urs on t he 

basu of ratios to D . av e r J.6e , (b) elininati on of the 

s C3.s onD.l v ariation fr on or i ;:;inal t. s. , (c) t he 8s tiria­

ti un of i Llpruv ed t r uml - cyc l c eOLlpon ent by uuans of 

weisllted D. av ., such a s 13- t e r m Jpencor ' s ill . av. , 

(d) c nlcul ati on of the final sea sona l factor s , 

startinG fr oIil the r atios t o vJeighteJ. lJovin[ aVtir ilse 

(pc, i nt c ab ove) . 

ciiuplifiud v~rs i on of the Census I I ue t llou. was p r ot:; ­

rOULleu. i n t lH" CULlputer Centr e of the Centr lll utatis ­

tic a l Offi c e . This pro,-,r= i s a:lapte,l f or t he t. s. with 

rJonthl y obser vati ons , no l onge r than 12 yuars. 

1'IH~ out put (; f the CSQ c ou}lute r pro!, r au : 

i ) .i:'raliL1inary seasona l f ac t or 

i i) .~just~d s e as onal f actors (to g i v e t utul of 

12 f c' r 8ac h yuor). 

ii i) Rate of .;rowth of the 12- 11onths llov i nC 

ave r ace ( trend- cycle) . 

iv) 6ea sonally adjus ted seri e s . 

v) u l-:osonul ly adjusted series suO Oth8d by 

3 - l:10nt hs £1 . av . 

2 . G. !'-i:;' ~_ICATIuN OF 'J',i.i!, 'J'IHS '::: .r;,}(J~G D.i:Cul'\PO.::i ITIOlJ .tu::t;UVl'b 

Tu GT", 'fIuTICa.L ,ui,.LY",I ci 

2 . 6 .1 " ;::1ll_::lJJ.,:s i s of si'.£!sollal ly adjus t ed tine sGri es 

de a sun",l fluctuat i ons very often J.11lke i ,Jpossi b l e 

t u as se s s p r esent d irecti on of t he chanbes i nmalyslld 

phen'.Juena . '1'0 IilLllce successi ve tir:lG se r ies ubserv.1ti ons 

c 011p,-,r nbl e 0118 hus t o r er:wve s easl)nal v a ri a ti on f r om them.. 
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Hor the el i mi nation of seasonality fr om actual data 

one should use seasonal coefficients or seas onal 
d ~vi ations extrapolated f or the actual year. 

If changing s eas onal vari ati on i s approximated by 
set of fUllcti ons 

s . . ='fi(j. e . ) 
J..J J.. J (2 .72 ) 

where i denots month ( or quarters), i.e. 

J..= 1, 2, ••• , 12 (or i= 1, 2, ••• , 4) 

j= stands for consecutive years, j= 1,2, ••• , M, then 

extrapol ated (pr oj ec ted) sea s onality is calcul ated as 

SW+1 =~i (rl+1) (2 . 73) 

If seaso~ality i s assuned t o be c onstant then set of 

c onstant seasonal coefficients (deviati ons) should be 
applied for the present year. 

Removing of sea s onality is done simply by dividing original 

data into seas on al c oefficients or by subtracting seasonal 
deVi ations . 

There are ma~y time series for which observa tion of the 

actual trends is v ery important . }I'or example trends of retail 

and wholes ale pri ces of llericultural gouds may inform about 
changes of their supply (reserves). Ji'ast increase of prices 
may indicate shor tQbe of commodity in a country or in a 

r egion . Changing prices of seeds during sowing time may 

indic ate changes of farmers pre'ferences for crops. On the 
other hand actual market prices of crops are i mpor tant 

f actor influencing farmers decisi on ab out area allocated for 
these cr ops . From the point of view of economic policy-

waker trends of stock r es erves f or f ood and trends of 

actual prices for food commodities on international markets 
are very i mportant . 
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The seasonally adjusted data gives only first rough 

i mpr ession of possible change and should be st i lilUlus for 

further statistical and econ<J1ai c analysis which would in­

dicate if observed chanses are permanent tendency or only 

t emporary r andom fluctuation. 

Anothe~dvantege of actual seasonally adjusted data analysis 

is that it c.an show hO~1 effective are measures tnken by 

ec onomic Ilanal;;er to avoi d unfavourabl e situation . 

At 

L---____ =-______ ~~~ . . ~.L __ . . ~ __ .~,~, - t 

FiD .1 5 . Ji'ood Retail Pric e I nd ex f or Ilddis Ababa . 

Ori g i nal data. 

XA 
t 

PRESENT Yl::AR t 

Fig.16. Food Retail Price Index f or "cddis Ababa. 

](' at )(. seasonally adjusted data 

trend . 
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F'i g .1 6 . shuws original data for E'oud Retail Fric el 

InJ.ex f or Addis ,Lbaba, in the previous and present years • 

• ie , cannot asse ss i f n big increase of the price index in 

nonths ,mgust- clepteilber of the present year should b e re -

0[lr .:l"d [lS r6 8ul t of sensonali ty or [lS result of Gen eral 

i n cruClsinG trend . 

li'ifS .1 7 . shows the trend and data after renoving s e asone\l 

v : .ri .... tion . Thi s d i ClgrCill confirEs tha t we a re dealing with 

r"c,l i n creClse of the price i ndex . 

TllC conparison of estinated trend with oris innl s ensonally 

:ldjusted Jata enabl",s one to assess whethe r the deve l opnent 

0f t he exawined process is consistent with the furecasted 

t r0nd o 

~'>.t p r e sent ,p ossibili ties for making s easonnl adjustment 

un the d a t a for prices of fl ood Clre r a t her liBited. Data on 

;Jrices of D2 jor gr Clins WeI'e c ollected by :V'ood cmd Nutrition 

0urcill ance J:"r ograr:rr.le Iltelief and b'ehabili tation Co= ision 

(c uHpClre [23] ) since 1977. These data are collected r;;vnt h l y 

fr oL1 a l ulls t all the ctgricul turally inportant wered a s of t he 

c ountry. However these tine series are too short t o estinat 

se ascmali ty anJ to perfor m seasonal adjus t Elent. It should 

b e byrne in Bind that f or nany r egi ons 9Jlcl crops prices show 

big irr iJGu l a r fluctuations due to bit; fluctuations in p r o­

clucti un, insufficient trcillsport facilities for transport­

l n~ g r a ins to deficit areas etc. 

If r ancloE fluctuations are bigger than seasonal t his 

~12kC; s the 8sti Llllti c;n of the l a tte r i npossible. HOlvcver even 

i:Jr tiL')e seri es wi th irregular variability p r eclmninr\t ed by 

s GClsvn8.1ity the ·uininal period f or esti mation of r e6ular 

vllriations is four or five years . 00 i' :1r such lont; tiLle series 
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are availa ble for pri ces of pulses, oilseeds and meat. 

Pri ce Index for Food aor Addis Ababa , Addis Ababa Whole­
sal e price Indices f or Exported Food Commodities and for 

Imported Food Commodit i es are also availabl e (see [24J) . 
It se ems that development of agricultural pri ce stat istics 
system is necessary f or i mprovement of economic planni~g 

and management. This development should be directed to 

extension of da t a co l lection by commodities and regions) 
and i ts final s t age should be establishment of comput erized 

s ystem of price statistics consisting of data base and 
methods of statisti cal analys is i ncludi ng analysis of season­

a lity, trends and seasonally adjusted series. 

2 06.2. Appl i cation in t he short-ter m planning 

Suppos e we have est imated t r end and monthly season­
al co ef f icients of f erti+izers suppl y for agriculture . 
Havi ng f ixed the total amount of t he f er t ilizers supply 

foreseen for the next year we have to prepare detailed 

plan of the f ertilizers supply in each month of the fo rth­

coming year. In other words we should assess how total 

annual supply of fert i lizers shoul d be destri buted over the 
months of -the year to me et demand from state farms, c ooper ­
atives and f armers. 

Our task could be easily solved if we have got data 
about t he demand i n each month of the n ext year from all 
users of f ertilizers. But if such data a re not available 
or not r eliable we should apply stati st i cal met hod. 

The distribut i on of demand can be est i mated on the 
bas is of the forecasted (extrapolated one year ahead) trend 

and seasonality . Trend determines the deve lopment of the 

pr ocess wi thin examined year . Seasonal coeffici ents (or 
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dev i a tions) det er mi ne the di stribut i on over the months of 

y oar .. 

I f \'Ie apply TIlultiplicat i ve t.s. model, the product 

of extrapolated trend ~nd corresponding se~sonal f~ctor , 

i" 8 ,, 

x .; T . . S . 
~,+l ]\T+l N+l 

(2 . 74) 

where !! i s the number of the l ast time s e r i e s observa t i on , 

i is the month of the ye~r i; 1 , 2 , ••• ,1 2 , 

d e t ermine s the value for the mont h i of the year for each 
plan i s prepar ed . 

lInvi ns calculated forecast ed v alues for a ll Donths of the 
year , percentage di stribution over the months of the 

exami ned year coul d be c alculat ed as follOlvs 

12 

dN+i ; (XN+i / > 
i;1 

Exampl e 3 (f~ctitious d~~~ 

~T+) . 100 (2.75) 

1 " Suppo s e we hav e the following trend funct ion fitt ed to time 

s er i es with monthly observations covering period frol'l 
1974 t o 1970 

whore 

Tt ; 115 . 3 + O. 75t 

t ; 1 , 2 , ••• , 60 • 

(2.76) 

2. Extrapolat e cl one year ah.32.d (for 1979) trend is calculated 

on the ground of equation (2 . 76) with t; 61 , 62 , •.• , 72 
(for example T61 ; 161 . 05) . 
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3. Extrapolated monthly s easonal co effici ents 'l.re 

ca lcula t ed on t he base of functions adjust od to 
the subs ets of r atios ori gi nal/trend , arr2.nged by 

months . If for exanple function 

S1t = 0 . 9365 + 0 . 0051t 

t = 1 ,2 , 3 , 4 , 5 

(2 . 77 ) 

was f i tted to r at i os from J anuari es, coefficient for 
January of the next year should be ca l cula t ed on the 

bases of function (2 .77) with t=6 , i. e . r t1 = 

0 . 9365+0 .0306 = 0 . 9671 . 

In this manner seasona l coefficients for the r emai ning months 

should be calculated . If inst ead of changing (movi ng) s eason­
a l i ty we r ec eived a s et of c onstant s easona l coef f i cients 
they should be appl i ed as a s et of extrapolated s eas onal 
c oeffici ents . 

Suppos e tha t on the base of a s e t of functions adjust ed to 
the monthly subsets of da t a (one function for [!lonth ) we , 
r e c eived following extrapolat ed values of the prelioina ry 
s easonal co efficients ; 

S16 = 0 . 9671 (January 1979) 

S26 = 0.9765 (February 1979) 
S36 = 0 . 9985 ( March) 
S46 = 1 . 0221 (April) 

S56 = 1.0332 (May) 

S66 1 . 0185 (June ) 

S76 = 1. 0 385 (July) 
S86 = 1.0452 (August) 
S96 = 1. 0060 (October) 



8116 = 0 . 9965 
8 126 = 0 . 9954 

12 
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~8i6 = 12.1287 , 8'= 1.0107 

i=1 
To adjust co effici ents 816 to the total 12, each of 

them was divided into their average 8' = 1.0107. 

Values of trend and adjusted seasonal co efficients are 

shown in Table 8 . Products of trend and seasonal coeffici ­
ents are shown in the column 4 of the Tabl e. Share of 
product in the total of pr oducts indicates whi ch part of 

the total forecasted value for 1979 year determines values 
from thi s particular month , This shares are presented in 
the column 5. 
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T"ble 8 

Va lue s o f trend , seasonal coeffic i ents , p e rcentage 

d i stri but i on of t he total v a lue for 1979 over t he 

Qonths ( dN+i ) and cumulative d i stribut i on ( Dr). 

--~-.• I -IT"rendfse;snnal- Distribu- I CUlliula-Product 
i ~lqnth~~ for . coeff i c i ent s (tr end, tion I t ive I Ire._ ue, 1979 for 1979 s eas onal) 
It' 

i---- -t .. ----.-.--~. -- --- - -
J/61 ,161 . 05 0 . 9569 15Lf . 11 

F/6 2 161 . 80 0 . 9662 156 . 33 

j·j/G3 162.55 1 0 . 9879 160 . 58 

1,'/64 163 . 30 I 1 . 0113 165 .1 5 

h/65 164 ' 05 1 . 0223 167 . 71 

J/66 161, . 80 1. 0077 166 . 07 

J/6 7 165.55 1 . 0275 170 .1 0 

;"/68 166 . 30 1 . 0341 171 . 97 

8/69 167 . 05 1.0203 170 . 4L, 

0/70 167 . 80 1 0 . 9953 167 . 01 

N/'71 168 . 551 0 . 9060 166 . 19 

D/72 169 . 30 . 0 . 9849 166.74 
-:.,-.----- --

TO TieL 11982 . 1 ! 12 . 0004 1 982 . 4 I. 
Cu mul a tive d i stribution (column 6) 

r 
D = ~ d r / __ .; -'H+ i 

i =1 

~T • I distri-. +l 
but i on 

( in %) 
7 . 77 7 . 77 

7. 0 9 15 . 66 

8 . 10 23 .76 

8 . 33 32 . 09 

8 .46 40 . 55 

8 . 38 4·3 . 9 3 

8 .50 57 . 51 

8 . 67 66 . 15 

B. 60 7Lf . 78 

8 .42 53 . 30 

8 . 38 91.58 

8 . 42 100 . 00 

100 .00 

shows how many percent of t he total y early plnn shoul d be 

done to the end of tha month r. For ex aople Dg = 74.78 sho\·/s 

that to t he end cf S eptember shoul d be i lJpleoented 7L'.78% 
of the tot a l p lan for 1979 year . 
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2.7 . BIBLIOGRAJ?HICAL NOTE 

Due to the fast development of time series analysis 
in the last fifty years there is a very extensive 
lit er ature on the decomposition approaches and tech­

niques. 

The purpose of this biblographical note is to provide 
supplementary literature on the theory and more sophis­

ticated methods of time series decompos iti on. Readers 
wishing to go through systematic, detailed and extens ive 

course of general probl ems of analysis and decomposition 
methods should study classical manuals of statistics 

such a s Croxton and Cowden's L 5J or Yule and Kendall's 
[2;D • Kendall ' s classica l book [12] is address 8d to more 
advanced r eaders. 

There is /ext ensive literatur e on particular methods 

of decomposit ion for ins tance Burman [2J ,Durbin [6J , 

Durbin and Murphy [7J , Harrison [10J , Ros enblat [17J • 

Wi dely applied computerized Census Nethod II is 
pre s ented among others by Shiskin et al. [20J, Cleveland 

and Ti ao [4] , Makridakis [14 J and by OECD [18J. 

Review of contemporary time series ~~alysis problems 
contain books of Chatfield [3J , Brillinger [1 J and 
paper of Makridahis D4] • Methods of business cyc l e 
analysis are presented among others by Shiskin 09J , Moore 

[15J , Moore and Shiskin [16J • 

According to autor's knowledge there is no im­
portant literature on the appl i cation of time series 
analysis to agricultural surveys. 
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Chapter III 

];'UREC,i.I3TING METHUDS 

3.1. INTRODUCTION 

The main topics of Chapter III is statistical fore­

casting. \ve distinguish two classes of forecasting tech­
niques. 

1~ class of forecasting procedures wher e forecasts of 
a given variable are based only on the current and past 

values of this variable will be called univariate or 

projection methods (compare [4J ). 

llliother class of forecasting is based on attempt to 
explain the behaviour of forecasted variable by means of 

econometric model, i.e. through variation in a number of 
independent (explanat~ry) variables. The basical concepts 
of this approach are presented in section "3~5 of the rr,-,sent 
chapter. 

In th~ lost twenty years f ')st development of ·pro­
·aection lllethods . t ook place-.: Hecent advances in methods of 
det ermination of current time s eries value in terms of 

its past observat ions and in terms of its past random 

(residual) devi ations r esult ed in that some univari ate 
f orecasting methods are competitive with predicting on 

the base of big econometric models, being simultancously 
easi er to utilize and update and in gener a l l ess complex 
and cheaper t o develop. 

Of course this does not imply that econometric models 
c ould be substituted by univariate ones. As it will be 

~hown in Section 3.5 econometric models are irreplaceable 
in respect to simulation of the future situation, i .e . 

; 100 ; 
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when several alternatives Qust be checked and their effec t 
est i mat ed and used f or planning purposes. 

There are three kinds of predicti on techni ques within 

projection approach. The first kind, the eldest, is based on 

time series d ec omposition and consists i n projection into 
future estimated trend and seasunality. The second kind of 
predicti on techniques call ed exponential smothing models consi­
der predicted tioe series value as wei ghted average of its 

current and past observations. \'e ights of this average usually 

discard p ast values at exponential r ate. The third kind of 
prediction , the oost cor:lplex one is the Autoregressive-Moving 
Aver age Scheme, which assumes that a given value of a time 

series can be adequat ely described in teros of previous values 

of the series itself and/or previous error terms. 

The development and wi de application of highly sophistic­

ated forecasting methods was facilitated by el ectronic coo­
puter teclmiques. 

Ti me series oethods of forecasting may prove very us eful for 

prediction in agri culture particularly for one year ahead 

f orecasts of are a 1.ll1der crops and agricultural production. There 
is a big demand f oe methods of forecasting able to deal with 

highly irregular variables and not calling f or big nTIount of 
supplementary statistical data. It 1II "'~L1S that SOlle of the un­

ivariate prediction models could be successfully applied to 
this kind of variables. 

\i e would like to show that methods presented in this chapter 
may prove useful for prediction at the country level as well 

as at r egi onal level . Then special attention was paid for 

adaptation of time series forecasting methods to get along with 
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time series-cross section data showing simultaneously changes 
of investigated phenomena in time and its differentiation by 
regions. It should be stressed that forecasting is not merely 
performance of algorithms. The significant part of forecast ­
ing procedure is conceptual work consisting in the choice of 
the method and/or model and selection of a period of past 
data the best for the forecast purpose. 

Une possible criterion for the selection of the . model and 
period of historical data is goodness of fit measured by means 
of standard error Be and coefficient of determination R2 
lcompare Chapter 1, ~ection 1.6 and Chapter 2, Section 2.4). 
Because of its computational simplicity this criterion is 

generally applied for assessment the accuracy performance of a 
forecasting model and in selecting among alternative fore­
casting methodologies and models. Goodness of fit criterion 
is recently often criticized (see [14J , page 259) because 
mathematical models very adequate for historical data some­
time give unsatisfactory forecasts. 

It should be noted that for forecasting purpose the 
model which perfectly fit historical data may prove useless 
as well as a b ad fitting one. 

It seems th~t in the case when it is allowed by statis­
tical d ata a criterion based on a set of predictions made 
for the periods covered by historical data could be recommen­
ded as more justified than criterion based on goodnes of fit. 
rhis approach is characterized by Makridahis ( [14J , page 
259) as follows: "The approach that is gaining wide support 
at present is to look at a time.series model in terms of its 
ability to forecast well in a post-sample tashion. That is 
the 'goodness' of the model must be judged not in terms of how 
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well it f its h i stori cal data , but how well it forecasts , as 

new val ues become available whi ch have not been used in 
deve l op i ng the for ·ecasti ng mode l . There is cert ai nly a 
differenc e b e tween post- sampl e accur ac i es and t hos e obtai ned 

during the model - fit ting phase ~ However one should be aware 
t hat thi s appr oach can not be us ed i f t i me series covers 

<, . 

short period of / past. It se ems t h at for t he choi ce of the 
l engt h of t i me series pos t-sample accur acy coul d prove use­

ful .as addi tional auxilary cri terion . 

I n t hi s Chapt er the f ollowi ng forecast i ng methods are 

pr esent ed : 

1 . bi mp l e autor egr ess ive mode l s wi th one year del ayed 
obser vati ons as exp l a i ni ng vari ables . 

2 . Adaptat i on of t r end and seasonal i ty projecti on to fore ­
c asti ng of cross- section- t i me s eries data. 

3 . Holt - Wi nt er s Exponenti a l bmoothing and its adaptation t o 
cross- secti on- time s eri es dat a . 

4. I'lultip l e r egr e ss i on model f or agr icultur al pr oduction . 

Draft of econometric forecasting model of crop produc­
tion i s p r esent ed i n section 3 . 6 • Its purpose is to show~l~~ 

kind of d i ff i culti es whi ch ari se wi th use of such models for 

f or ecasting and advant ages of t heir successful i mpl ementa­
tion. 

3 . 2 . LHlliAR AUTOCURRELATIUN AND AUTOREGlllibbI VE l'10DELB 
~jos t time or der ed obser vati ons are not i ndep endent 

of one another. For exampl e l evel t he consumpti on i n 

mont h t depends not only on t he d i sposabl e i ncome but on 

t he l evel of consumption i n months t - 1 , t - 2 etc . 
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Similarly the amount of produced goods in month t is partly 
determined by production in months t-1, t-2 etc. Area under 
crop is partly determined by area under crop in t he previ­
ous year. 

Of course there are random serie~ with mutually in­
dependent observations as well as time series without 
independent observations. 

· ,. 
One of the methods usedichecking whether a given time 

series is random or not is to examine its autocorrelation 
coefficients, i.e. correlation between neighbouring 
observations of a series 

~ xt'xt _d ~1 
rd = 

~ti+1 x~ "tt+1 4-d (3.1 ) 

where x
t 

= Xt - X1 

Xt stands for ~riginal time series 

~t-d = ~t-d - X2 
X1 and X2 ave arithmetic means for Xt and Xt-d 

s eries respectively. 

)formula (3.1) shows that autocorrelation of order d 
is the correlation between time series X

t 
and time series 

composed of observations of the same time series X
t 

delayed III units of time 0 !I'or example if d = 1, we calcu­
late corelation coefficient taking time series X

t 
and 

the same time series beginning with observation X2, i.e. 



Xt 
X2 

X3 

• 
X

N 
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Xt _
1 

X1 
X 2 

• 

• 

XN-1 
Theoretical value for any d ( except zero) is - for a 

random series with i ndependent observation5equal t o zero. 

Therefore, if we rec ei ve for an observed not cyc l ical time series 

r, near zero i t means that our time seri es is random, (assum-
ing that a sample s iz e i s not very small). If r

1 
i s close 

to - 1 or t o 1, obs ervations of our time series are not indep­
endent . 

Ife may empl oy approximated rul e that value of rd exceeding 

2/ VN shows that observati ons of time series do not represent 
a purely random process. Prob ability that our statement is 
untrue i s 0 . 05. 

Highly autocorrel a ted time seri es are utilized for the 
forecasting purp ose . Hi gh aut ocorrelat i on shows t hat X

t 
(ac tual) observati ons are strongly determined by previous t i me 
ser i es values Xt _d • It means that past time seri es observations 

could be util i zed as explaining variable f or dependent variable 

Xt • oinc e aut ocorrel ation i s the measur e of linear association 
between Xt and Xt _d our model should be linear r egr ession 
model . 

Xt = a + b Xt _d + e t (3.2) 

t = d +1, d +2, •• • , N 

The f or mul a s f or calculating b and a are the same as for the 

linear regr ession between Y and X vari ab l es (see Chapter 1, 
clection13) , Xt and Xt _d variables bei ng r epr esented in t hi s 
formulas by Y and X vari ables. 
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Having estimated a and b parameters forecasted value may be 
calculated as f ollows: 

XN+1 = a + b XN+1_d 
(3.3 ) 

If for exampl e d=1 formula (3.3) becomes 

XN+1= a + bXN 
(3.4) 

Bince for a straight line relation between two variables 
coefficient of determination (R2) is equal to squared corre­
lation coefficient between Y and X,squared autocorrelation 
coefficient r~ shows what part of Xt series variance could be 
explained by its delayed observations. 
For example if rd = 0.96 ~= r~= 0.92. 

Apart from the straight line (3.2) sometimes for fore­
casting purposes multiple regression r elation is used , e.g. 

equ~tion with two expl aining variables. 

X
t
= a + bXt _1 + cXt _2 + e t (3.5) 

and non linear equations , e.g. exponential 
X X = ab t-d e t t 

(3.6) 

power 
b xt = a Xt _

d 
e

t 
(3.7) 

or logarithmic 

Xt = a + b log Xt-d + et (3.8) 

Application of multiple regression equation is justified 
when actual value of Xt is determined by many preceding obSer­
vations. Application of (3.6) - (3.8) r elations is justified 
when association between Xt and X

t
_d is not such straightforward 

as in equation (3.2). For (3.6) we expect that there should be 
high corre l ati on between log Xt and Xt-d rather than between 
original observations of Xt • For (3.7) there should be high 
correlation between log Xt and log Xt _d and for (3.8) between 
Xt and l og Xt _d • while correlation between original observations 
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may be r a t her small. l'lode l s like 0 . 2) and 0.5 ) -0.8) 
are called ~utorebress ive models. 

Menti oned above autoc orrol ations may s erve as a statis­
tic al criterion f or t he choice of the appriopriate for e ­

c asting mod el. Their squared values i n the cases of expon­
enti al and power equ at i ons show determination of log Xt 
vari abl e v ari ances by a straight line r egr essions of Xt _d 
and l og Xt _d variables r espectively. 

In the c ase of logarithQic r el a tion (3.8)lr~ shows det er ­
mination of original Xt variable by l og Xt _d variabl e . 
Ther ef or e deter mination coeffici ents f or the (3.6 ) and (3.7) 

mud el s should be c al cul at ed as 

wher e 

2 R = 1 - Var(E\ ) 

Var eXt) 

Var(et ) stands f or variance of r esiduals 

Var 

et = Xt 

eXt) stands 

- X t 
for variance of Xt • 

0.9) 

3.3. }<'OlillCAi::iTINg TI1U l::il!:lUl!:iJ- CRU3iJ BECTION DATA USING l::iDvJPLE 

ll.UTOIlliGllli8",IVE I'IODEL 

Time seri es - cross- s ection dat a are i mport ant class of 
statistical data , keeping i nfor mation about variability in 

time and b e tween units of t he sample ( r egi ons, gr oups, 
cl asses , individuals , et c . ). 

Cons t ruction and estimation of the prop er econometric 
models enables t o r eveal rea s ons fo r t his two k inds of 
variability; changes in time and differenti ation of units 
constituti ng s~jple. 
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Our objective is to present a method of forecasting on the 

base of t i me series- cross section data i.e. a set of 14 time 
series one for each Region in Ethiopia. 

Example 1 
Table 1 contains data on Area under Teff i n 14 provinces of 

Ethiopi a in five year period from 1974/75 to 1978/79 

Table 1 

Area under Teff by regions 

Area i n year 
Region 

1974/75 1975/76 1976/77 1977/78 1978/79 

Arssi 24.5 27.7 24.1 25.2 29.0 
Bal e 8.2 8.6 7.4 5.5 8.2 
Er itrea 22.4 24.9 27 . 1 28.1 28.7 
Gamo- Gofa 13.5 14.6 11.8 13.0 14.6 
Gojam 213.7 261 . 5 249.3 254.2 243.3 
Gonder 201 . 5 234 . 1 216.6 201.3 205.9 
Hararge 6 . 2 5.3 3.1 2.7 2.6 
Il lubabor 44.1 53.8 53.9 43.4 47.4 
Keffa 80 . 4 97.5 87 .8 104.8 116.9 
tlhoa 297 . 1 344.7 314.6 306.5 345.7 
8idamo 15 . 3 19.5 22.7 11.4 13.3 
Tigrai 59 . 4 70 . 4 65.7 

I 
64.4 66.8 

wel lega 152 . 9 184.4 180.2 158.6 177.6 
iloIlo 49.5 56 . 2 46.4 58.2 64·2 

TOTAL 1188 . 7 1403 . 2 1310 . 7 1279.3 11365.2 ---- _ ._-

Our objective is to fo r ecast area under teff by regions 

f or 1979/80. We are going to use autoregr essive model with a 
set of one year delayed abservations as explai ning variable: 

Xt = ~ eXt _ 1, et ) C3 .10) 
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The selection of the most proper function among a straight line, 
exponential and power functi ons will be performed on the base of 
a priori calculated determination coefficient R2 ; r~ taking 
correlation between original Xt and X

t
_
1

, between log X
t 

and 

Xt _1 and between log Xt , lug Xt _1 respectively. We have follow­
ing coefficients of determination: 

for the straight line 
for the exponential 
f or the power 

0.98 
0.74-
0.98 

clince area under taff in 1974-/75 is quite different from 
the data of the remaining years (compare TOTAL in Table 1) 
we should try if the r esignation of data from this year wou~d 
improve the coefficient of determination_For f our years data -and 

't 
for a straight lin!:jt equals 0.99. Therefore, we have decided to 
base our forecasting procedure on data from 1975/76 to 1978/79 
applying a straight line: 

XtR ; a+bxt_1~ + etR (3.11) 

Table 2 shows the arrangement of data from Table 1 in squence: 

dependent variable X
t

, 

Table 2 
explaining variable X

t
_
1 

De~endent variable XtR ~ld explaining variable X
t

_
1R

(part) 
. J ..... ..-

t 
Region (year) ~R X

t
_
1R lU'ssi 1'376177 <:::If. "J <:::'1.'1 

77/78 25.2 24-.1 
78/79 29.0 25.2 

Bale 1976/77 7.lf. 8.6 
77/78 5.5 7.4-
78/79 8.2 5.5 

Eritrea 1976/77 27.1 24-.9 
77/78 28.1 . 27.1 
78/79 28.7 28.1 

et.c. 
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AS one can see in Table 2 each r egion is r epr esented by 
three obs ervations . Vependent vari abl e observat i ons are data 

from 1976/77, 1977/78 and 1978/79 years, explaining variabl e 
observations are data fr om 1975/76, 1976/77 and 1977/78 res­
pectively. 

~Ulalysing the data for all regiuns, we got a big sampl e 
giving t he possibility of tnking the rul e of area changes in 
all country i nt o account. Attempting to forecast area for 
each r egi on separately, for exampl e by fitting to each regional 

time s eri es a simple trend functi on , we would lose informati on 
on the trend at the country l evel. Un the other hand model 

(3 .1 1) does not include variable explaini ng vari ability 
specific f or each region . This information may be r ecovered. The 
method wil l be presented below . 

The straight line r el ation bebveen X
tH 

and X
t

_
1R 

was es timated 
by l east squares method : 

~tR = 0.15 + 1. 01 Xt _1R (3.12) 

Theoretic al values and forecast for 1979/80 calculated on 
the b ase equation (3 . 12) are presented in Table 3. Residuals 
XtR - XtR are shown in Table 4. 
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Table 3 
~ 

Theoreti c al values Xt and forecast X79/ 80 
,----------- -- ----------------r----------

The or etical values forecast 

Region - 1-;76;;7 1977~78 I 1978/79 197§/~0 
kr ss i 28 . 1 24.5 25.6 29 . 4 

I 
Bale 8.8 7.6 5.7 8.4 
Eritre a 25.3 27.5 28 . 5 29 . 1 
Gruilo- Gof a 14 . 9 12.1 13.3 14.9 
GOjaIil 263 . 8 251.5 256.4 245.4 
Gonder 236 . 2 218.5 203 . 1 207 .7 
Hararge 5 . 5 3. 3 2 . 9 2 . 8 
Illubabor 54.4 54 . 5 45.9 47 . 9 
Aeffa 98 . 4 88 .7 105.8 11 8 . 0 
Shoa 347 .7 317 . 3 309.1 347 .7 
" i d amo 19.8 , 23 .4 11 .7 13.6 ' 
Ti grai 71.1 66 . 4 65.1 67 . 5 
Wellega 186 . 1 181 . 8 160.0 179 . 2 
Wollo 56.8 46 . 9 58.8 65 .4 
TOTAL 1416 . 9 1324.0 1291.9 1378 . 0 

Table 4 
Residuals Xt - Xt 

~ ; e
t 

Average Corr ected 
1976,177 1977/78 1978/79 eR for ecast 

- 4 . 0 1-- 0 .7 3.4 0 . 0 29 .4 
1.4 - 2.1 2 . 5 0 . 6 9.0 
1 . 8 0 . 6 0 . 2 0 . 9 30.0 

- 3 .1 0 . 9 1.3 - 0 . 3 14 . 6 
- 14. 5 2 . 7 - 13.1 - 8 . 3 237.1 
- 19 . 6 - 17 . 2 2.8 - 11 . 3 196 .4 
- 2.4 - 0 . 6 - 0 . 3 - 1 .1 1.7 

I - 0 . 5 - 5 .1 1.5 - 2 .7 , 45.2 
- 10 . 6 16.1 11.1 I 5.5 123.5 
- 33 .1 - 10.8 36.6 - 2 .4 346.3 

2 . 9 - 11 . 6 1.6 - 2 .4 11.2 
- 5 . 4 · - 2.0 1 . 7 - 1.9 65.6 
- 5 . 9 - 23 .2 17.6 - 3.8 175.4 
- 10 . 4 11 . 3 5.9 2.3 67 .7 

- 103.4 - 40 . 3 72.8 - 24.9 1353.1 
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Function (3.12) esti mates relations between Xt and Xt _1 
variables only generally as average r elations f or all 

country. This relations are defined by a and b parameters. 

They can give a good approximation f or all country but 

they explain regional differenciation for r el ati on between 

Xt and Xt _1 only partly. Regional discrepancy from t he re­

lation (3 .1 2) is included , into error t erm of model (3.12), 
i.e. into St . We may check that for some regions residuals 

St are of the same sign. It neams that our forecasted values 
for r egions should be shifted down or up depending on the 
sign of the r esiduals. This can be done by adding t o the fore ­
casted values arithmetic averages of residuals calculated for 

every r egi on. These averages are shown in the Column 4 of 

Tabl e 3. Column 5co~prises corrected forecast calculated as 
follows 

X79/80 = 
~ 

v 

.1\.79/80 + e R 
It should be noted that correcting values sR minimalise sum 
of squnre s 

DR = I [XtR - (XtR + dR )J2 (3.13 ) 

where dR stands f or unknown correcting value. According 
t o the rul e for finding of minimal or maximal value of the 
function we receive: 

oDR '\:-
M:" = 2 (~)tR - LdR - LXtR ) = 0 

R 
bolving equation (3.14) we r eceive 

L (XtR - XtR ) LetR _ 
dR = n = n = eR 

(3.14) 

(3.15 ) 

Correcting coefficient dR minimizing the sum of squares 
'\ - 2 DR = L (XtR - dR XtR) 0 .16) 

should be app~ied f or models with multiplicative error t erm 
such as exponenti a l 
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v 

-"-t-1 
Xt = a b e t 

or power 
b 

X
t 

= a Xt _1 e t 

This coefficient Can be f ound as the solution of equation 

ODR ~ ~ ~ 
od = 2L ( XtR - dRXtR ) XtR (3 .17<) 

R 

and therefore L. XtR XtR 
dR = . 2 = 0 ( 3 • 1 8 ) L XtR 

wher e R means tha t we should t ake d a t a f or each r egion 
separately. Corrected forecast i s cal cul ated as f ollows : 

• x79/ 80 X79/ BO • dR 
Coeffici ent dR can be c alculated also f or t he s trai ght l i ne 

r e l ation but its application give al most t he same r esult as 
application of the simpl e av er ages (3 . 15) •. 

For ecast of the area under crops , p r oduction and y ields of 

maj or cr ops f or t ot al Ethi op i a and by r egions for 1979/80 and 
1980/81 were perfor med and published i n 1979(see [22J ). 

:Chis f or ecas t i s bas ed on cross- s ection- time s eries dat a and 
utilizes power aut or egress i ve functi on (3.7). 
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3.4-. PRQJECTION OF TRiNDo ~yLI~D TO CROoo- SECTION­

TIME SERI ES DATA 

Having at our disposal data on t he deve lopment of 

exami ned phenomena over t ime at the regional level we want 
to forecast i ts regional values . 

The s i mp l est me t hod consis~ of estimation and extra-
~ 

pol ation of the trend adjusted to each r egional time series - -separately. However , this straightforward method sometimes - ~--
gives unsatisfactory results since extrapol ated values of 

r egional trend may be i nconsistent wi th t endency for all 
country. The reason for it is that attempti ng to consider 
each r egion s eparat ely one does not take into account i n­

t errel at i ons between regional time series. 

I nternally consistent est imat es of regional trends 
result from model adjusted to cross - section- time seri es 

data. Such model should consist of trend a t the country 

l ev el and trends for r egi onal ef fec ts. Country l evel trend 
is something as trend for n::m existing "av er age region". 

Regional eff ec ts show r egional differences from this aver age 
trend. One possibl e version of such model may 

as fOll Ol S 14-

XtR ='jJ (t) + ~ 15 r(t)6 

wher e __ _ 

~ (t) stands for the country l evel trend 
R is numb er of r egion R= 1 ,2 , •• . , 14-

be present ed 

C3 .1 9 ) 

Or are functions appr oximating trends of r egi onal 
effects 

o is dummy variable 
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t'-1 if r = R 
6~ 

Oil r~ ~t 

flod e l (3 . 19 ) consists of on~ function for country l evel trend 

and one fUllction for each r esi on , totally '5 funr: ti ons . If 

each of them is t hought as a simple two paiametvl' function i t 

ITl <l 3.IlS thut Olle should estimate D.ultiple r egr ession equ a ti on 

Hi ell 30 p32:'ar:,e t er what r e quires use of el ectronic c omputer 
.9::'Ol2.r um . 

HO\ieVer, tni s forLlc asting model may b e r eal iz ed approxi­

nat ely \Vi t hout u se 0;1 elec-~ronic computer, through applicat i on 
of pr o;3::C'(lJJillli',bl e d esk co.lcul a t or is indicated . 

To p r ,>SG_l t C;h~~3 method we should notic e tha t observation fr om 

y, ,= ;; aLti r egion r me.,y be consider ed as a sum or product of (At) 
aV0regu level i n year t, 
o. ~ j_ o 8 o add it;j_ve mod e l 

r;r' 

(Rtr ) r eSi onal effec and r andom error 

~t + Rtr + et~ 
or multiplicative model 

..., 
v =: 
A tr · 

wher e 

y _ . p I 
"-t:L' - At • --tr 

t = 1,2, • • • , T 

'" I.~ ,---

e ' t 

A=( ,> 
t L-

Xtr )/14 . 

r=1 

v--- (3 .20j 

(3 .21 ) 

0.22) 

BecausCl 1 4 At = [X
tr 

f olloViing ' c onditions 
t hen Rtr and R

tr should fulfil 

--. 
})tr = 0 , L.Rt r = 14. 

'--~-"-"=--:---:-:--UU.r t ask is estimati on and p r ojection of the trends f or 

averal.;e l evel ; "\ and for r eg i onal effects B
tr 

(R
tr

) 

0 .23) 

It may b e done by means s t ep by step procedure similar to tha t 
(pre s ent ed in Chapter II) f or changing season ality. 

This wethod Call be perfor med. as f ollo,.,s. 
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1 . Estimati on of the trend of aver age l evel. Trend may b e 
appr oximat ed by means of simpl e function ~ (straight line, 
exponential, l og arithmic or power) ad justed t o series of 

av er ages 

At = 'f>(t, e t ) (3.24) 

2 . Calcul ati on of theoretical average level on the basis of 
functi on (3.24) 

At ~ 'P(t) 

and of aver age l evel projec t ed for year T + 1 

AT+1 ~ '\l (T + 1) 

(3.25) 

(3 .26) 

3. Adjustment of trends to d eviations from theoretical aver age 

l ev el s At, f or each region separately, i. e t o differences 

Dt r ~ Xtr - At (3 . 27) 

or to r ati os 

Dtr = Xtr/Atr (3.28) 

Thes e trends may be approxi mated by means of the simpl e 

mathematical funct i ons C (strai ght line , exponential, 
r 

l ogarithmic, power), i. e. 

Dt r ~Or (t, e ) (3 .29) 

4. Calculation of the estimated r egi onal eff ects as theor etical 
v al ues from the function (3.29) 

Rtr ~6r (t) (3 . 30) 

5 . Rtr (Rtr ) f or each year should be adjusted t o f ulfil con­
dition (3.23). I!'or additive regi onal effects it may be 
d one by subtraction from each Rtr corre sponding annual 

average of Rtrs. For multiplicative r egi onal effec ts each of 
the Rtr should b e divid ed by corresponding annual average of 

Rtrs(compar e ad justment of seasonal deviations ruld coeffi­
cients, Chapter II, Qection 2.5.6). 
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6. l 'rojcet i oll of' the regi on a:. eff tle ts t o year T + 1 . 

RT 1 = (1 (~ - 1) - +,r - r 

7 . Caleul a ti 'Jn of the f or ee2-; ced value s for r egi ons 
~ 

X, =11.. + R 
f~- 1 ,r T+1 T+1,r 

~ ~, 

c._ X 1 
~'r+ ,-:!:: 

r 

ltT.+1 • HT+1 . r 

3 . CaJ.eul a ti ull of the r e siduals 
, -

Ei = X X 
'cr tr tr, 

.:t-mclard error 

-, \( ~ . 2 
u e = I Let 

_. ~ 

I". 

I( T -14 ) 

culcl e(J",ff ieient of de terLlillati on 

R2 = 1 - (::-.f.,~e~r)/ 
" . X X .. "-tr - tr - 0 

1:1h 2:r.'~] 

" 2 t-;-r Xtr 

(3.31 ) 

C3. 32) 

(3 . 33) 

C3 ' 3Lf) 

C3.35) 

(, 3 . 36 :: 

Applying this muthocl speci a l a ttention should b e paid t o 

pce.3 ib2. e (,ccurence vf extrapol ated values go i ng fa r out --­s-i.de liu i ts of aclrJi. _, ible forecasted values • 

.ixw::lp l e 

Ifm-iilS dat a. on the Yield of' Teff i n reg i ons in 19'14/75 t o 

1973/79 we want t o fore cast y i e l d of' t eff in 1 ';)79/80 . 
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Table 5 

yield of Teff in 1974/75 - 1978/79 by regions 

Yield i n year 
Region 

1974/75 1975/76 1976/77 1977/78 1978/79 

Arssi , 8 . 0 7 . 9 13.5 13 . 2 11.3 

Fal e 5 . 6 8 . 4 5 . 9 6.6 6.5 

Eritrea 7 . 0 7 . 2 7.1 7 . 4 7.4 

Garno Gofa 4.6 6 . 4 4 .5 4 .4 4.3 

Gojarn 6 . 8 4.6 6 . 9 7 . 9 7.4 

Gondar 6.1 4.2 6 . 1 9 . 6 10.0 

Hararge 4 . 3 3 .4 5 . 8 6 .1 7.0 

Ellubabor 5 . 4 6.5 5.0 5.9 6.9 

Kefa 7.0 9 .4 6 . 9 7.7 7.8 , 
~ Shoa 7.3 9.0 8.8 7 . 6 7.8 

S i darno 7 . 8 12.5 9.' 9 .3 9. 5 
Ti grai 9 .1 7.2 7 . 3 7 .5 7.5 

We llega 6 . 6 7.8 7 . 6 5.0 4.7 

wollo 9 . 2 7 . 2 9 .5 11 . 2 10.4 

Average ~ Levels 6 . 8 7.3 7 .4 7 . 8 7.8 

Trend 6 . 8 7.2 7.5 I 7 . 7 7 . 8 

Because t i me seri es of av e r age levels consists barely of 

5 observati ons the only criterion for the choi ce of fUn­

ction approxi mati ng trend is goodness of fit. We received 

followi ng coeffi c i ent of determination. 

- strai ght line R2 0 . 889 

- exponenti a l R2 = 0.882 

- logari thmic R2 = 0 . 958 t-) 

- power R2 = 0 . 960 

Our choi ce i s for the power curve : 

0 .089 
At = 95 . 07 t (3 . 37) 

I 
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Tre~d values cal cul ated On the bas is of (3 . 37) a r e shown 

as the l ast rcw of tabl e 5. Trend ex trapolated for 

1979/80 i s 8 . 0 

Next step is esti mation of the regional e ffects. We 

arbitra l y decided to apply mult i plicat i ve model (3.21) 

Ratios Xtr / At a re shown in Tattle 6 . 

T~ble 6 

Rati os D'tr = Xtr / At 

Region ~974/75 1975/76 1976/77 1977/78 

Arssi -=)1 P 1.'177 1 0 097 1.800 1 . 714 
Bale A 0 . 824 10167 0 . 786 0 . 857 
Eritrea P 1 . 029 1 . 000 0.947 0 . 961 
Gomo Gafa E 0 . 676 0 . 889 0 . 600 0 . 571 
Gojam A 1 . 000 0 . 639 0.920 1.026 
Gondar L 0 . 897 0 .583 0 . 813 1 . 246 
Hara rge L 0 0 632 0 . 472 0 .773 0 . 792 
Illubabor A 00794 0 . 903 0 . 667 0 . 766 
Kein A 1 . 029 1.306 0.920 1.000 
Shoa E 1 . 074 1 . 250 1.173 0 . 987 
Sidamo A 1.147 1 . 736 J 1.200 1.208 
Tigrai p 1.338 1 . 000 0 . 973 0 . 974 
Ilellega E I -0 . 971 1.083 1.013 0 . 649 
Wollo L 1 . 353 1 . 000 1 . 267 1 . 455 L 

---I 1. LL49 ' 

1978/79 

0 . 833 
0 . 949 
0 .551 
0 . 949 
1 .282 
0 .897 
0 .885 
1.000 
1.000 
1.218 
0 . 962 
0.603 
1 .333 

eco-nu column of t abl e 6--shows wha t--functio n was choo-

sen On the basis of goodness of fit criterion to repre s ent-
J 

trend of Dt r ' r atios :from corresponding row of tablSl . 1:::: 
denotes power fun.ction , E - exponent i al , L - stra i ght line 
a;:;a A de~otes ;Qnstan 'G calculated as arithmet i c meanS. For exa~ 
mpl e the trend line fitted-·to the r atios for Arssi !:'egion is, 

described by poorer fUnct i on 

D't1 1 . 137t O. 231 ( 3 . 38) 
2 R = 0 .45 = 

For Gamo Gofa was choos en e~ponential fUnct i on 

D't4 = 0 . 835 e -0"085 t R2 = 0 . 48 0·38 ) 
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(e is basis of natural logarithm). 
For Harrar the best fit t ed function was the straight line 

Dt7 = 0 . 458 + 0 . 085t 
2 H = 0.67 (3 .39) 

et.c . 

Theoreti cal values calculated on the basis of adjusted 
functi ons we shal l call Prelimi nary Coefficients of Regi onal 

Eff ects . They should be arranged in table , s i Dilar to Table 6 , 
one col umn for a year . To receive final coeffi cients we 

should adjust data from each year to t otal 14 , according to 
cundition (3.23). It was done by dividing numbers in column 
by their ari t hoetic mean . Adjusted data, i. e. J<'inal coeffi­
ci ents of Regional ~ffec ts are presented in Table 

• Multi p l y i ng cuefficients froD Table 7 by corresponding theor-

etic al Average Levels At we received theoretical values of the 

yield of Teff , Xtr (Table 8). 

J<'or ecasted values for 1979/80 are shown in Table 9, where they 

are cODpared with forecast received on the basiS of autore­

gr essive model published in July 1979 [22J 

Table 7 . 
Final Coeffic i ents of Regi onal Effects R l

t calculated on the 
basis of functions fitted to rows of Table

r
6 and adjusted by 

columns to total 14 

1979/80 
Region 1974/75 1975/76 1976/77 1977/78 1978/79 (pr ojected) 

Arssi 1.143 1.346 1.472 1 . 562 1.632 '1.686 
Bale 0 .898 0 . 901 0.897 0.891 0 . 884 0 . 876 
Eritrea 1.033 0 . 999 0.973 0 . 953 0.933 0.916 
Gauo- Goia 0.771 0 . 711 0 . 650 0.594 0.540 0.491 
Gojjau 0.912 0.915 0 .911 0 . 905 0 . 898 0.890 
Gonder 0 . 681 0.828 0 .968 1 . 105 1.238 1 . 367 
Harrarge 0 .546 0 . 634 0 .716 0 . 796 0.874 0 . 949 
Illubabor 0 . 807 0.810 0.806 0 . 801 0 . 795 0.788 
Keffa 1.057 1.060 1.056 1.049 1 . 040 1.031 
dhoa 1.184 1.144 1.097 1.050 1.003 0.956 
Bi dauo 1 . 309 1 . 313 1.308 1 .299 1.289 1.277 
Tigrai 1 . 264 1 . 106 1.016 0 . 954 0 . 906 0.865 
'Iellega 1.131 0.981 0.843 0.723 0.620 0.530 
Wal l o 1.204 1 . 251 1.288 1.320 1.351 1.379 

-- -- - -
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----------.... 
Table 8 
Theor~tical v alues Xt r = At' Rtr 

I-Re5i~n 
'--- , ._. 

AI'SS l 

Bal e 

J:o:ritre a 
GaLlo- Gof 

GOjjOlll 
Gunder 

H~,r=Ge 

Illubabo 
!\.dI'fa 

0hoa 

oidano 

Ti e;r ni 
~Iel lega 

wol l o ,-_ . . -
.,>v er ace 
.LGv els 

~ 

l·1974/77 
. 7. 8 

6 . 1 
7. 0 

a 5.2 
6 . 2 
4. 6 
3.7 

r 5. 5 
7. 2 
8 . 1 
9 . 0 
8 . 6 
7.7 
8 . 3 -- ~-~---

6 .8 

1975/76 1976/77 

9. 7 11 . 0 
6 . 5 6 . 7 
7 . 2 7. 3 
5.1 4 . 9 
6.6 6 .8 
6 . 0 7. 2 
4.5 5.4 
5 .8 6 . 0 
7.7 7. 9 
8 . 3 8 . 2 
9 . 5 9 .8 
8 . 0 7 .6 
7. 1 6 .3 
9 . 0 9 . 6 

7 . 2 7 . 5 

1977/78 1978/79 
-- ---

12 . 0 : 12 . " 

6.9 6.9 
7 . 3 7 .3 
4 . 6 Lf.2 

7.0 7.0 
8 . 5 9.7 
6.1 6.8 
6 . 2 6.2 
8 . 1 8.1 
8 . 1 7.8 

10 . 0 10.0 
7 . 3 7 .1 
5.6 4 .8 

10 . 2 10 ·5 

7. 7 7.8 

0tand~d error of estimation S may be u s ed as a llOaSlITe o 

! 
I 

I , , 

showi nt'; possibl e aver age er ror of for ec ast . To estiLla t e it ve 

shoul d calcul at e SUll of s qu ares of differ ences 
~ 

e t 
:JUr Elx aLlp l e I e2 

- tr 

, A 

= Xtr - Xtr • It is easy t o check that f or 

= 64. 0 

oince number of observati ons on our d a t a is 70 Clnd nU£lbe J:' of 
0stir:w.t ed par ame t ers is 2 1'or trend of av er age l evols plUG 

23 f or trend s of r egi on a l eff ects , t o c alcul a t e Se vie shoulu 

d i v i de 64 by 70- 25= 45. Ther ef or e , 

Se = V64/ 45 = 1 . 2 'qt / h ec t ar e . 
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Coefficient of deter mination is 
2 

R = 1 - 64/302= 0 .788. 

otandard error of the forecast based on autoregressive model 
(pr esented in Table 9) is 2 . 4 qu/hectare. 

Table 9 

]'orecasted values for 1979/80 estimated on the base of projec­
tion of' trends and on the base of autoregressi ve model 
(see [2~ , p.51 - 64) 

Region 
Forecast based 

on 
trends autoregr. 

Arssi 13 . 5 11.9 
Bale 7.0 6 .3 
Eritrea 7.3 7.4 
Gamo- Gofa 3.9 4.0 

""" 
Gojjam 7.1 7.5 
Gonder 10 . 9 10 . 8 
Hararge 7.6 7.9 
Illubabor 6.3 7.1 
Keff a 8 . 2 7 . 5 
Shoa 7.6 7 .7 
Bi damo 10.2 9.6 
Tigrai 6 . 9 . 7.1 
Wellega 4.2 4.3 
Wollo 11 . 0 10.6 
Standard 

1.2 2.4 error 
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, .5 . EXPONENTIAL 8HOOTHING FORECASTING HODELS 
, . 5 .1. Description of the method 

Exponential smoothing models attempt to estimate 
theoretic al smoothed time series observati ons as a weight~~ 
aver age of its ac tual and al l previous obs ervations Hi t~ 
weights dec r easing exponentially so that r emote obser-iTati r- v 

r eceive smaller weights t han more ac tual ones . 

'rhe idea of exponenti al smoothing can be presentee:' F! 

the fol lowing way. Le t us Xt denotes smoothed tlme series 

observat i on correspondi ng to r eal one Xt . It can be 
e:Al;l r e ssed as a wei ght ed average of ac tual r ec.l obscrvatin. 

and previous smoothed obs erva t i on, i. e. 

X
t 

= a X
t 

+(1 - a)Xt _1 0 9 40') 

substituting 

into (3 .40 ) 

, X 
for Xt _1 , t - 2 , 

we _get _ 

x = a t L 

00 0 , x . 0 00 t - J, 

(1-a)j Xt _ j 
(3.4-1 

The latest availabl e 
Cc.st fu t ure v al ue 

j =o 
smoothed v alue XN i s employed to fore ·· 

of t he serie s , i. e . 

Alhh = :XN h= 1 , 2 , ••• (3A2) 

where X
1hh 

d enotes forecast ed value for hLlni ts of time 
ahead . Parameter a may b e choosen to minimize the sum of 
squared errors b e tween r ealizations and forec asts made fo~ 
pas t units of time for "lhose time seri es observations are 

av ail ab l e . 

In _pract i ce this simple formulation is rarely employed 

=d sever al modifications h av e been d ev eloped . One of the 

widely applied approaches due to Holt 1:91 =d Winter s l-18 J 

.. 
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in its the simplest version for nonseasonal time seri es, 
assumes tha t time series obs ervation at time t is composed 

of loca~~ean level ~ ~and r andom error -':'t' which i s assumed 
to be of constant variance. Local mean at time t differs from -- -
local me an at time t-1 by value of local trend Tt • 

, 
Local mean at time t is est imated as weighted average of 

~i~e_series Qbser~t~on at _~me t and foreeasted value for 

time t. Forecast for time t is simply sum of loc al me an and 

loc al trend at time t-1, i.e. 
\ ," " --., 

Xt = Nt _1 + Tt _1 (3 .43)/ 
'- j 

Ther efor e, estimation of local mean can be presented as 
follows 

Nt = a Xt +(1 - a) (Nt _1 + Tt _1 ) 0 .44) 

or 
Nt = a Xt +(1 - a ) Xt 0.45) 

where 0 <.3.< 1 

Trend at time t is defined as 'difference between (true) 

mean l evels a t time t and (t - 1). Estimator of trend is 
following 

Tt = b (Nt - f'lt _1) + (1-b )Tt _1 
0 ' b ,-1 

0 .46) 

The rule for forecasting one unit of time ahe ad is given 

in 0.43). Forecast for N+h time, when XN is last available 

time series data is made on the b asis of the l ast estimated 
mean l evel alld trend 

XN+h = HN + hTN (3.47) 

Ther efore, for ecasting model consists of ~wo updating for­

mulas (3.44) and (3.46), appl i ed as new time series obser­
v ation is available, and of formulation of forec asting rul e 
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C3 . lj-'7) . It requires to determine sui t ab l e values for the 

"' smoothing constants ~ and b and starting v alues for M
t 

and T
t

• 

Cons tants may be choosen on the empirical gr ound by . - -
means of trial fcrecasts made one time period provi ously of 
the known observations Xt • That values a and b which be;t 

"fores"e" the known observation (generally in t er m of aver age 

squarred forecast error) are then employed as forecastinG 
cons t ants. 

Sometimes suggestion for the choice of the most proper par am­

eters r esults from the character of data. \.Je tri ed to find 

the bes t parameters for time seri es of r a tios D~ from Tab l e 6 
-r 

The best abil ity to forecast, measur ed in terms. ,of the sum of 
squared differences be tween forecast and real v alue , have 
fol l owing models : 

1) a~ 003, b= 003 for Arssi, where ratios are highly irregular 
but show slight increasing trend , 

2) a= 0.8 , b = 0.3 for Bale where r atios are irregular with 
r ather slight trend , 

5) a= 0. 9 , b= 0 .4 for ~amo-~ofa where datu show distinct 

decreasing trend without big irregul ar variability , 

4) 0 . 9 and 0.2 for ~onder \~here distinc t trend i s evi dent , 

5) 0 .1 and 0 .1 for ohoa where r atios are slightly decreasing , 
6) for wollo where data are highly irregular nearly the 

same ac curacy is with a = 0.3, b= 0.3 as wi th a= 0.9 , 
b= 0 . 3 

It should be noted that small value of b parameter gives bj.g30r 
possibility for d emonstration of steady increase or decreas e 

of time s eri es obs ervations, while parameter a clos e to unity 

makes model more sens itive f or new trends introduc ed with , 
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actual observation. ~'or all examined regions the best 
proved small parameters b, stressed steady trend, 

while parameter a for some regions is high and low 
for others , stressing in the former case modificat ion 
of mean level and in the latter one its stability . 

3 . 5 .2. APplication to agricultur al forecasting 

To begin performance of the forecasting procedure we should 

establ ish starting value of a local level and local trend. 
It seems that for nonseasonal data it could be s i mpl y first 

time s eries obs ervation for local mean and zero for local 

trend . The procedure of forecasting is shown in Table 9 , 
where we attempted to forecast Yield of Teff in 8hoa region 
for 1979/80 . Data (taken from Table 5) are shown in the 
first column of table. Further colunns shows consecutive 

s t eps of procedure as a new time series observation be­

comes available . It follows from the procedure that to 

perform forecasting as n ew observati on Xt+1 becomes 
availab l e one needs to us e onl y this observation and l as t 

estimations of level and trend. BegiIlll ing with step 2 

values of M were calculated on the basis of formula (3.45) 
~ 

while forecasted value (Xt ) for step 2 is simply r epeated 

time series observation from previous year (X2=X1 ) for 
further steps X

t
=Mt _1 + Tt _1 • Therefore, yield of teff 

forecasted for 1979/80 is calculated as 

X79/80= M78/ 79 + T78/79 • Table 9 shows 

attempt to make f orecast with a= 0.8 , b= 0.2 . But we 
should check if nnother parameters do not produce better 
criterion of accuracy . Searching for the best set of 

constants is shown in Table 10. 
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TQ.bl e 9 
~t~p s of f or e c as ting p r ocedure with constnnts: 

a= 0 . 8 , b= 0 . 2 , 
I Name s 

i 

r 

ateps of for ecast i ng proc~e 
of I X

t c o.lcul a - I II III I V V VI t ed v a lue --
7. 3 X1 - • 

, I'll 7. 3 I 7. 3 
T1 0 0 

" 7. } 7 . 3 I -"-2 
9 . 0 l"l2 B.7 B.7 

.. T2 0. 3 0.3 
-

X 3 9. 0 9 . 0 
B.B l"13 B.B B.B 

T3 0 . 3 0 . 3 
--

X4 9 . 1 9.1 
7.6 I14 7. 9 7 . 9 

T4 I 0. 1 0 . 1 

X5 B.O· B.O 
7. 8 1'15 

I 
7 .B 17.B 

T 0.1 0 .1 
-- 5 

I Por : - X6 I I 
i 

7.9 I c ast 
i 

, I" I _ rI. ) i ...!- i ." C">. - .'-
'"t. '" 

, ~ .... '>t. irA 

n -, ~ 'I -Ie-
cJ.. d.. 

. ~ . ') 

'1.).. 

I 
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Tabl e 1 0 

Forec asting of Yi e l d of Teff in Shoa , for 1979/80 . 

Name BstiQations with paramet ers: 
of 

Xt calcula-
t ed value 0 . 8/0 . 8 0 .9/0 .1 0 . 3/0 . 8 0 . 3/0.3 0.1/0.1 

~ 

7.3 X1 - - - - -
M1 7.3 7 . 3 7 . 3 7 . 3 7.3 

T1 0 0 0 0 0 

9 . 0 X2 7 . 3 7.3 7 . 3 7.3 7.3 
1'1 2 8 .7 8 . 8 7 . 8 7"8 7 .5 

T2 1.1 0 . 2 0 .4 0 . 2 0.0 

8 . 8 X3 9 .8 9.0 -- 8 .2 8 . 0 7 . 5 

M3 9.0 8.8 8 .4 8 . 2 7.6 
, 

T 0 . 5 0 . 1 0.5 0 . 2 0 .0 I 

(X
3
J

3
)2 

I 

1. 00 0 . 04 0 . 36 0 . 64 1.69 

7. 6 X4 9 . 5 8 . 9 8 . 9 8.4 7 . 6 

M4 8 . 0 7.7 8 . 5 8 . 2 7 .6 
T - 0 .7 0 . 0 0 . 2 0.1 0 .0 

lJ: 2 
3 . 61 I 1.69 (X4 - X4 ) 1.69 0 . 64 0 . 00 

~ 

7 . 8 X5 7.3 7.7 8.7 8 . 3 7.6 

M5 7.7 7. 8 8 .4 8.2 7 .6 

T5 2 - 0 . 4 0.0 0.0 0 . 1 0 .0 

(X5- X,) 0 .25 0 . 01 , 0 . 81 0 . 25 0 . 04 

For e -

I cast - 7 .3 7.8 8 .4 8 .2 7 . 6 
-- ~----

L-___ _____ -



= 129 = 

Hirst pnrD.LJ&ters a= 0 . 8 , b= 0 . 2 were checked, producing 

Kp = 2 .29( collpare Table 9). 

KF=~(Xt-Xt)2 (3.48) 

It should b e; notic ed t hat first forecasted value is for t hi:cd 

ye,cr, X3 , bbC3.USe X2 is siuply repeated X
1

• :F'ir st three steps 

of forecasting are usually ru=ing - in- procedure st eps . 'l'hc n 
" 2 i~'r calcuLltion of 3.ccuracy measure KF ar e takGn (X

t 
- X

t
) 

beL:imli.ng froTI t=4 

Hext we incrGased p=ru:lOter b t o 0 . 8 a being not changed 

(0.=0 . 8) ge tting KF= 3.61. i.Jinc e increas ini;!; of b r esul t ed i n 

,,'ors e forecast we c=e back to low b values, getting~ for 

('.= 0 . 9 , b= 0.3 KF = 2.89 =d for a= 0.9 , b= 0.1 Kl!'= 1.70 • 

.::)0 f a r t h is l ast r esult proved t he b es t. But "Ie n ext 

choclc"d sl1 1.>.ll valUe of a and big value of b , =d s ;;mll both 

;: .J.nd b. vie r c;ce ived following values of K
F

: 

fur Q= 003 b= 0 . 8 K~= 1 .70 
fo r 3.= 0.3 , b= 0 . 3 K,!,= 0.89 
f or a= 0 .1, b= 0 . 1 KE,= 0 .04 

'l'his last S8t of p=aL18 ters was choosen as t he b es t one . It 

produces forecasted value 7.6. In tho sinilar way ,Ie r e ceived 

fOr0Cu.sts f or Arssi, Bal e , GD12o- Gofa , Gonder and \voll v . They 

=~ sh0vlll i n Table 11 , where they are conp'l.red wi th c:."rli e r 

f OI' lJ casts Bade on the bas e of power aut or egressive functi on 

(s .]'" 1.22j ) and on the bases of extrapolated trends. 

Te'.bl" 11 

Jl'orec'lsts of Yield of Teff f or 1979/80 

3llcothin~ , autorogressive Bodel lli~d 

chGosen regi ons . 

from exponential 

p r ojection of trends , f or 
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l!'or ec as t from l' ar amet8[' s 
Region Exp. sr:lOoth. Autoregr. Trend f or exp o I 

smooth . I 

13.5 0.5,0.3 
I 

Arss i 13.1 11.9 I 

I 

Bale 6.5 6.3 7.0 0.8,0.3 
Gruuo- Gofa 4.1 4.0 3.9 0.9,0.4 
Gond er 10.8 10.8 10.9 0.9,0 . 2 

Sh oo. 7.6 7.7 7.6 0.1,0 . 1 
wollo 10.8 10. 6 11 .0 0.9,0 . 3 
tit and ard 
error Se 1 .1 2 . 4 1.2 

For c omp arison with accuracy of' another ne t hods stand ard error 
Se was calculated on the basa· of Sllin of squarred differenc es 

b etween smoothed and original obs ervati ons , i. e . 

Se=Vi (Xt - 1'\)2/00-18 ) (3 .49) 

wher e ( 30-1 8) shows that 12 parameters (two f or each regi on) 

wer e adjusted and smoothed v alue f or the fi r st year was t aken 
as e qual t o original obs ervati on. 

The better seems to be another measur e of accur acy showing 
standard d evi ati on of d ifferences between original observa­

ti ons and their forecast. It should be calculated as follows 

wher e K 
F 

B = K /N F F 

is detern i ned in f or mula (3.48) , 

N is nUllber of diff'erences Xt - Xt t aken t o 
calculation of KF 

(3 .50 ) 

For c alculation of of three first years should be dr opped . For 

the exponential snoothing forecast presented i n Table 11, 

SF= 1.45 i.e . aver age error of our f orecas t i s 1.45 qu/hec tare . 
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Bince we h ad d at a only f or five year peri od , of was 

calcul a t ed on t he b ase of r esults for t he l as t two years only. 
Therefor e , in our exanple N; 12Csix r egi ons ti~es 2 years) . 

We a tteupted t o apply 2 paranetGr Holt \4inter s ~odel t o 

f or e c ast yield of t eff by r egions considering the data on 

yi eld i n a si~il ar way as i n secti on 3 .4 , i . e . observat i on 
XtR b 8i ng c omposed of mean l ev e l i n year t, X

t
, r egional 

d evi at ion f r on this mean l ev e l Rt and error t er n etR• As first 

step we for ec as t ed f or 1979/80 me an l ev e l us ing data on ~ean 

l ev els fr om Table 5 • We r ece i ved the sane f or ecasted v a lue , 
8 . 0 as f r on power functi on appl i ed in oection 3 . 4. N,)xt , 

s i mi larly like it was done in t he me thod with extrapolat ed 
trends, r atios origi nal/s llioo thed me an l evel were calculat ed 
and f or each r egi on s epar at el y f orec ast of r at i os was per ­
f or med . Results f or 6 r egi ons a r e shown bel ow. Accuracy 

measures 

Se ; 1.2 , KF; 1 . 5 

ar e similar to the s e r ec eived fro~ the sirap l er, mor e strai ght­

f orward appr oach based on original data f or r egi ons. 

For ecasted v alues r ecei v ed fro~ expon ential s moo thing with 

dec oDpositi on of observations ! 

Arssi 12 . 9 
Bale 6.5 
LTano- LTof a 4.0 
Gonder 10.7 
bhoa 7 . 8 
Wollo 10 . 3 

3 .5. 3. hxponenti al smoothing f orecast of seasonal data 

For d a t a showi ng distinct seas onal variati on Holt­
Wi nters f or ec as ting me t hod r equires t o apply additional 

third paraDeter, C. The model nay b e presented as f ollows 
C compare l 4 :t ) 

s 



M = t 
B = t 
T = t 
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aXt/S + (1 - a )(Mt _1 t - p 
+ T

t
_1 ) 

cX /I'lt + (1 - c) St 
t - p 

b(Mt - M
t

_1 ) +(1 - b)T
t

_1 

(3 . 51 ) 

C3 . 52 ) 

C3 . 53) 

wher e p i s peri od of s eas onal v ariati on, f or tine series 

with monthly observations p= 12 , f or quarterly time 
s erie s p =4 . 

St s t wLdsfor seasonal variati on. 

Re c oilL1ended starti ng v alues (c omp are [~ , 23J 
'JIe followi ng 

a) 1"lean shoul d b e taken as the av er age observation i n the 
f irst year. 

b) Trend should b e s et t o zero or t o average monthly 

differ ence between the first and second years averages , 
c) ~eas onal f actors calculated from the fi r st years ' data 

by c ompari ng each observation wi t h the over all av er age 
in t he first year . 

It should be k ept i n ruind tha t starting v alues as well a s 
par anet ers depend t o some extent on the pr operti es of data. 

~easonal model r e quires a b i g amount of c alculat i on . 

For each tine seri es, observation shou l d pass t hrough thr ee up ­
dating f or mul as (3.51) - (3.53) . Taking i n t o cons i deration 

t hat the b est s et of paraneters shoul d b e choosen on eupiric al 
gr ound it ruake s us e computer progran i ndispensabl e. 

Di sadvant age of the exponential snoothing procedures 
lS that they r estrict for ecasti ng Llod el t o only one forn . 
The f orecasted v alue depends on the choic e of par aoe t ers . 

Ther ef or e , aut omatiz ati on of f or ecasti ng pr ocedur e is r e­

co=ended , as application of cOLlputer progr ara enab l es choice 
of t he opt i Llal c onstants. On the other hand i n mmy cases , 
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p:lrticulnrly i n agricultural otntistics , dnta requires 

i ndivi du a l n on aut onatic appro ach. Thus, soluti on ony be 

aut '..-wa tizati on of the nost l nbor- c onsuning cnlcul [ction ij> 

with poss ibility for analysis uf r esults on every step 
of cnlculation. 

3 . 6 . ili1'IAhl,Cl uN Tfu: LIilITATI ON:::; OF tiT.hTIbTICAL F0.1:lliCAJTIIW 

On nccuunt of the n a ture of e c ono~i c wld soc i al 

phc)llo!l;.enn their futur' e value cnn n ot be predi ct",d p r ecisely. 

AS e r esult of hUTIan nctivi ty and influence of nature this 

phenonena =e pnrtl y deter oini stic par tly rand om W1d a r e 

f orecast0d withi n r andoIJ limits only . 

bt~ldard errors of es tinati on are appl i ed t o cons ­

truction of lil1its in which true fo r ec a sted v alue sho uld 

f all \'I i tll satisfac t ory high p r obnbili t y. If r nndon errors 

of fo r ec ns ting function or s ,Joo t h ing r;JOdel adjusted data 

ar e indopendent and nor Dally d i stributed with TIean value 

zGro then true f or ec nsted value X is si ';1.luted i ll the 

pi'rti tion d efined by f or e cnsted valuf.l X ond standnrd error 
o , i .. e o e 

X - 1 . 96B :5: X ~ X + 1.968 0 . 51j- ) e e 
with p r ob ability 0 . 95 (95%) . If assu J:1p tions about the 

errur teru =e fulfil ed r elati on 0.54) showo the iLlp!'1ct 

of t he r nnd on unpredictnbl e pnrt of process on the forecnst . 

The secund r eason which can cause t hat f or ecast",d value 

~:ay d i ffer c ons i der ably fron r ealiz ati on is t hat f crecnsts 

= e lilade only on the base of statisti c a l data fruB the 

past. Appli ed LJOdels take into account r e l ations betl-leen 

past ob serv ntions of the f or ecas t ed time seri es (o.utorcgrc:ss~vi: 
scher:ws , exponentia l SLloo thing) or a ttempt t o describ e 

.......... 
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behavi our of tiDe s er i es i n ter ms of Dathen ati cal f unc t i ons 
of tiDe v ari abl e t (ood e l s of trend and s eas onal i ty ) . 

I n this appr o ache f or ec ast i s Dade as pr oj ection in~o 

the futur e r egul ariti es whi ch occur r ed in t he past and wer e 
esti oat ed by Deans of ood el. Ther ef or e , thi s r el atiuns or/ 
and r egularit i e s are est i o a t ed f or aver ab e c ondi ti ons which 
occurred in t he tiDe f r om which st at i s tical dat a wer e appl i ed 

t o mod el. I f in t h e y e ar of for ec ast condit i ons d i ff er con­

s ider abl y f r om t hi s av er age of the past real iza t i on of the 

pro c es~ may f all outs i d e uf s t andard e r r or lio i ts. 

It shall be kept in n i nd , h owev er, t hat s onetine b i g dis ­
cr epancy b e tween r e alizat i un and f or ec as t is important st atis ­
tic al infor mation . I t can i nfor D p ol i cynaker ab out p oss i bility 

of turn i ng poi nt i n t r end or ab ou t occur r enc e of s i tuation 

which r e qui r es further statisti c al expl or a t i on . I t c an show 

al s o h ow effec tive ar e ec onoDi cal or adDi nistrative neasur e s 

taken by policy- nakers. 

3 . 7 . THE DRAFT OF J'1ULTIPLE REGREt:lSION FORECASTING r'IODELS 

3 .7. 1 . The g en er al d escription of oultipl e regres~i on 

Bas i c i deas on the sinpl e r egr ess i on nod el in whi ch 
t he depend ent v ari abl e i s a l inear f uncti on of on e in­
d;epend ent (exp l ana t ory ) v ari abl e are pre s ented i n 
Chapter 1. 

In gener al, econ oo i c and s uci al phenomena are i n­
f l u enc ed by oany differ en t v ari abl es . Then i n sta t i s ti­
c al analys i s v ery often mul t ip l e r egressi on models are 

n or e appr opri at e than Dod els wi th one ur two indep endent 
vari abl es . 
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,-",uch 0 0d 81 may b e written as 

Yi = b o + b1 X1i + b2 X2i + •••• + bk Xki + e i (3.55) 

l= 1 , 2 , • • • , N 

11 ,.11 lim) ar e quat i ons, f or ins t anc e 
b1 , b bk . ( . , Y. = b X
1

. X2 · 2 Xkl e . 3 • 56 ) 
l 0 l l l 

are of t en ap.fJ li ed, but f or es tiElati on by J.1eans of l eas t 
squar es n et hmd they need t o be trans f or med to linear f or~ 

(3 . 55) by us e i nstead of origi nal obs ervations t he i r 

l og s ri t hus. 

The l east square s estiLlut ors of t he p ar&"1e t ()rs i n (3 . 55) a r e 

obt cti n ed by LliniI.lizing the S UD of the s quared r es i duals 

D=L e~ = [ (Yi - bo - b1 X1i - ••• - bk Xki ) 2 (3 . 57 ) 

with r esp ect t o b j , j= 1, ••• , k. 

Differentiating partially D with r esp ect t o b j j =O, 1 , 
••• , k and s etting the k+1 parti a l derivatives e qu al t o zer o 

we r ec eive k +1 nor ilal equati ons fr oD which f orilul a f or esti­

r;; at or of parar:w t er s v ector is derived. This f or nul a i n 
~eneral c ase r equires u se of natrix not ation. De t ail ed de s c ­

r i p t i on of the l east squar e s ne t h od applied t o uultip l e r e -
gress i on equ ati un is pres ented 

ll" t h'.Jd s , f or eXaJJpl e [11, 12J 

in many b ooks on ec onolle tric 

• Her e we c onfine oursel v e s 
t" bc:neral int er pr e t ati Jn of par aDet ers, assULl i ng t h at es tina­

ti on pr ocedure should be p erfor med with electronic c ODputnr 
us i n.;; pr ",gr aLl f or nul tiple regressi on analysis. 

£very p articul a r par wue t er b. (j = 1 ,2 , •• • , k ) fr OIl l i n ear 
J 

~lJde l C3 . 53 shoul d be inter preted a s anount by whi ch d e-

p,md en't vari nbl e changes it s l ev e l when correspondi ng i n ­
cl ep .oud "nt vari abl e change s its l ev el by one uni t , t aki ng i nt o 

accvunt and exclud i n6 influenc e of ot her vari abl es c uns i cler eQ 

by Douel. Paranet er b shows wha t would be value J f dupendent o -
v ari ab l e Y i f all exp l ainill6 v ariabl es would be a t zur o l ev el . 
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Thus b3= - 0 . 25 means that increase of variable X3 by one 
unit cause decrease variabl e Y by 0 . 25 uni ts, assuming _ that 
other variables do not change their level (cet eris paribus 

c ondition) . Paraueter B. i n mode l (3 . 56) shows that change 
of Xj variable q times gause the change of variable Y qbj 

times . 

The assuopti on we have previously made concerning the 
statis tic al p r operti es of the er ror term are the sane for 

multiple r egr ession equation (corapare Chapter I Section 1 .5) . 

The raodel needs additionally one extension and one restri c ­
tion. 

The ext ens i on i s that we n ow assume that every indepen­
dent variable from model is t r eated as sot of c onstant values. 

The restriction i s that there should be more obser vati ons than 
dependent variables. 

Under assumption that e i are nor mally distributed tes ting 
of regression P9XaDeters significance can be appli ed as well 

as t es ting contribution of each explanatory variabl e in varia­
bility of dependent variabl e . As a measur e of goodness of fit 
t he coefficient of determi nati on is defi ned as 

2 '" 2 '\ 2 R = 1 - Lei /,L y i (3.58) 
wher e y .= Y _ y . 

l 

However for multip l e regression mor e justifi ed is so called 
adjus t ed coeffici ent of determination 

R2 = 1 -

- 2 
Le/(N- k ) 

I;f/ (N-1 ) (3 . 59 ) 

which takes into consider ation l Oss of degress of freedom 

connected with introduction every new variable i nto ·regressi on 
equat i on . 
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3 . 7.2. PCi>'? ibility of use of Dultiple regress i on models 

to for;;casting crop production and ar ea under crops 
a ) Crop~oduction 

agricultural pr oduc ti on r esul ts fro~ Dany r easons 
such as area under crop, De t eor ological conditions i ll 
different periods of plant developoent, use of fertili ­
zers, occurring of pests and Dany others ueasurable and 

uI111easurable factors. It woul d be possible t o build 3.nd 

estiuate an econouetric Dodel of crop producti on for 
Ethiopi a if ,)f ollowing conditions wou1d be flillfiled 

1 . ""e have got appr opriate data concerning area , weather 
condi tions in different periods of vegetati on , uSe '~f 

fertilizers , et.c., for Dany years and at l eas t a t 
r eg i onal level. 

3. lie have got possibility to perforn esti lJ.3.ting proce--
dure using progrruJ for electronic couputer. 

I n the invest i gation perforDed by Statistics Section l'PD, 

jVjinistry of Agriculture farL:wrs were a sked about Dain re o.sons 

for reported by theQ changes (decrease and increase) of pr oduc ­

t i on in 1978/79(1971E.C.) cODpared t o last year. Results of 
this survey , published in [24J , show that wain re as ons for 

chanbes of pr oduction are weather conditions, pusts and plant 
deseases, changes of area and use of fertilizers. 

weather c onditions can be characterized by nea.'1S of neasurabl," 
vari o.bles such as illlount of r ainfall, 0ccurence of periods wi t il 
exc essive rainfall , aver age and n iniual tenperatures in early 
veget ati on peri od . Use of fertil i zers should be expr essed as 
nULlber of kilograns per hectare. 

lOests and p l ant deseases rather carmot be expr essed as Deas­
urablG variable and f or econm:1etric model we Sh0Uld apply 
Sillp lifi ed nethod consisting in recording of the fact of 

occurence . ile Day apply su called durmy vari able, which tc.J;:es 
v alue 1 if In the observed year and region pest occurred and 
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o if did not. Dulilny vari abl es coul d be used a l so f or the hail 
and fl ood . However i t seeas t hat pests deseases, hail and 
fl ood r at her r ar ely ef fec t serious l y pr oducti on a t regional 
l ev e l and t hus their appli cation s eeus t o be j usti fied onl y in 

Dodel bas ed on dat a on suall admi ni s tra t ive units such as 

wer edas. 

One s houl d noti ce t hat r e l ationshi p bet ween pr oduction and 
r ai nfall c an be non linear. Exess i ve r a i nfall uay prove des­

troying for pr oduc t ion t o siuilar extent as short age of r ai n . 

Ther efor e , vari ables standi ng for r a i nfal l could be expressed 
as s quared devi ati ons f r on nor nal r a i nfall . Influenc e of 
r ainfall shoul d be expr ess ed by neans of uany vari ables, f or 
exam.pl e r ainfal ls i n t he period of s owing , " ,germin_ati.on". " 

et.c. Data on t enper ature nay be expr essed as aver ages fo r 

diff er ent peri ods of veger at i on • It nay pr ove useful to i n ­

troduce additional vari abl e showing nunb er of p eriods(for 

ex anpl e weeks ) i n l-lhi ch Di ni nal t el'1per ature was be l ow lower 
linit. Our hypothet ical Dodel f or c r op pr oduction at regi onal 

l ev el c ould be expr essed as f ollows 

Yt R = 'f (AtR F t R I'11 t R ••• , M tR TtR etR) , , , n , , (3 . 60 ) 

wher e 

~ -(unknown) function describing r el ation be t ween YtR 
and s e t s of expl anator y vari ables ; 
AtR- area under cr op i n year t r egi on R, 
Ft R- quantity of fertilizers (k ilogr aos p er hectare), 

M1tR,"" Mu t R- variables fo r net e or ol ogic al factor s i n­
fluenci ng pr oduction , 

Tt R- v ari able for ot her f ac t or s influencing pr oducti on in 
long period such as better management, dev el opnent of in­

frastructure , h i gher l ev el of f arner s educ a t ion, et . c . 
etR- r andon error of n odel. 
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Vari able TtR i s called general trend of Dodel and is re ­
pr esented by t i ne variable (t= 1,2 , • •• , N) or its functi on. 

Variabl es on area and use of fertil izers are available 
o.t r egiunal l eve l . }'or neru:ly all region dat a on oaj or IJete­
orological fac t or s influencing pr oduct i on can be collected • 

b) Area under c r ops 

l'lul tip l e rebression nodel for area should include quite 

di ffe r ent exp l anatory vari ables then model for producti on. 

Change of areo. under crop should be considered as result 

of econoDi cal, social and political factors . First of all 
growth or fall of area under crop Day be caused by changes 

of supply and deoand for the investigated ~rop. Its supply 
in year t can be expres~ed as its pr oducti on froD the last 
harvest , deoand can be approxioated by price i n period of 
sowing and peri od pr eceeding sowi ng. bocial and gover-. 

ruJental efforts t o extend cultivated ar ea could be approxi ­
Llatedly expr essed by trend Tt s i Dilarly as in the nodol 

for pr oducti on . It seer:1S tha t dec i sion about destination of 

arua und er crop depends not only on the price for thi s cr op 
but also , for sooe crops , Day result froD the pri ces for 

other c r ops . Therefore , our hypotheti cal tlodel coul d be ex­
pr essed as 

where 

At R=lp (p t R, CtR , D1 tR1 ••• , DktR1 TtR , e tR) (3.61 ) 

At R area under cr op in year t , r egion R 

PtR pr oduction of crop in previous year, region H 

CtR - pri ce of crop in year t, r ebion R 

D1tR,·· · ' DktR- pric e s of other crops . 
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c) Benefits and linitati ons of nultipl e regressi on nodels 

Just as we have econometric nodel estinated and verified 

it can be used for st atistical and econonic analysis. Estimated 

nodel for cr op production shows us to what extent f ac t ors in­

cluded into it as explaining variables stinul ate or destinulate 
growth of production. It enables to set this factors in order 

fron the nost t o l ess important stinulating/destinul ating 
factor s and even to assess nuneric ally how they influence pro­

duction. ether advantage of econonetric nodel i s that it 
give us possibility to esti mate sUbstitution of differ ent 

factors included into it as expl aining variables. For details 
of econometric nodels i nterpr etation s ee [11J , [12} • 
But user of econonetric model should be aware of its limita­

tions. First of all nuuerical r esultsare only approxination of 

true r elations. However it is p ossible to assess the average. 
size of random er r or of adjusted nodel fild every estimated 

parameter. Becond limitation is that conclusions about in­

fluence each of t he explaining variables on the dep endent vari ­

ab l e are justified only in limits of their variability. It 

means tha t estimated paraoeter s of llodel can show us h ow pro­
duction changes if one of the explanatory variables changes its 

l evel, but rul e of change approximated by nodel can be different 
outside the variability of this explanatory vari able. It is 

i mportant when one attempts to use econonetric model f or fore ­
casting purpose . 

d) For ecasting on the base of nultiple r egression nodel 
with neteor ologi cal data 

# 
If we "lOuld like to nake forecast on the base of r:lOdels 

such as (3.60) and (3 . 61) we should be aware uf limitati ons 

which they inpose. This limitati ons result from the nodel 
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itself and fro~ pr esented above liu i tations i nposed by 5eneral 
theor y . li'irst of all, forecas t s based. on such I:lodels can not 

3 0 flr into future . This liu i tat i on f ollows fron the set of 
used expl ai ni ng vari ables . Observations of this vari ables 
c oue frou the S~le c al endar year fo r whi ch forecast is per­

f orued. The best resul t shoul d give uodel in which ue t eor o­
l ogical vari ab l es cover all vegetation peri od for f orec asted 
crop . 

Then cons i dered econometric uodel f or pr oduction contains 
s oue kind uf c ontradiction between its possibility t o give 

accurate f urecas t and t o ~ive f orecast uf gr eat us efulness, 
The nost accur ate forecast can b e achi eved a few nonth before 
harves t because f or such peri od lJ.odel can include variables 
describing weat her condition and ot her fact or s i nfluencing 
])r ;:;ducti on in nearl y all gr owing period. On the other h E-TId 

the DoSt useful f or national econouy pl anni ng are f or ecasts 
uade une year earli er • 

It seeus r easonabl e that t o give bigger possibiliti es f or 

active and r eliabl e f or ecasting l"linistry of Agri cultur e should 
have f or its dispos al dif fe r ent types of hlodel s , f or early 

pr0gnos i ng (t,1O and one year ahe ad) and f or correcting of 
this early f or ecasting half year befor e and a few (3 or 2) 

':.c,nths befor e the date of harvest. For each kind of f orec ast 
adequate ~odel should be es t ablished • 

3 . 8 . BI BLOGRAPHIC1U, NOTE 

There i s ext ensive liter ature on the statistical fore ­
casting , r efl ecting fast dev elopment of the theury and 

techniques arJJlt i nportance of t opic f or planni ng and 
Llanagenent of national econumy. 

General theor y of st :1t istical f orecasting as I'lcll as 

its nethodol ogy are presented i n nonogr aphs of Gilchris t 
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[6J Granger [7J I1ontgooery and Johnson [15] , vJheelwright 

and I1akridakis [17] • 

Exponential sooothing was first introduoed by Hol t [9] 
o.nd \~as el aborated and wide l y applied by Brown [2J • Other 

i oport ant c ontributors ar e, aLlOng others, Winters [1 ~ wh'o 
introduced t he Seasonal Exponenti al Smoothing. Harris on 8 

el aborated Harnoni c Smoothing oodels and Tri~g and Leach 

[16J who lntr oduced t echn:Cque of traic ing signals t o indicate 

when the charac t eris t ics of the pr ocess have changed signi ­
ficantly . 

Autor egr essi ve model s are presented auong others, in 

book of l"lalinvand [12J and paper of Newbold and Granger [23J • 

Autor egr essive/moving- aver age approach , known also as the 
Box - Jenki ns oe thod is r ecentl y very popul ar ahlong statisti ­

cians but is not easy t o practi cal application . Thi s method is 

coop l ete and theoretic ally rigor ous and attractive. Basical 

f or the t opic is book of Box and Jenkins[ ]contai nni ng theor­

eti cal backgr ound of ne thod , c ooputational f or oul a f or d i gital 

c Qmputer and providi ng procedur es t o deal with any kind of 
series i ncludi ng seasonal and nonstati onary ones . 

This appr oach is p res ented also i n books of G,ranger [7JG ilchri­

st r61 fiiontgooery nnd J ohnston [15J and in papers of Chat­

field and Prothero [3] and 1'1 £;. ridakis [13J . As it was oentioned 
above in sp ite of its coopletness and good theor eti c al back 

grounds oet hod is not wi dely appl i ed in statistical pr ac tice 

as it is r ather cooplex and r equires experienced expert 
statisticians t o appl y correctly. 

Pr obl ems of econometric Dodels and their use to for e­

casting is expl ored by many autors as Klein [11J , IYJ. alinvru.d [12.~ 
Christ [5] , Johnson [1 OJ • 
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ht the end we would like to pay attention on the works of 

,3tiltistics Sect i on , FED , Ministry of .Agricul t u r e in the 

f:i.e l d of agricul tural forecasting in Ethi opia. Forecas'cins 

0:': the bases of field'sJ'veys is presented in their publica­

tion [19 , 20J n There had also applied statistical oodel, 

0 :;: f ,)recas tinc;, i. e . extrap ol a tion of trend [2':J all~l d~LTpi(' 
o.ut(yt' 8g:'Gssi ve ;'lode l [22J • 
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