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I. Introduction

‘The population variable was not given due attention by classical and
:development economists until the early 1950s. The earliest “economic
iemographer”, Malthus, tried to show that a high rate of population growth
would eventually lead to a negative marginal product of labour and that this
woild, in turn, lead to a high mortality rate. Malthus stated that the equilibrium
tween man, capital and land would be retained through what he called positive
and preventive checks.
~ Notestein (1945) and others tried to develop the concept of demographic
transition by implying that a higher level of economic development was a
“ - prerequisite for a lower rate of population growth. This relationship was also
¢+ implied by Marx. As a result of this, it seems that in the process of development

- planning, the population variable has been treated as exogeneous—i.e. a
i« i variable that is determined outside the system and that nothing can be done to
- alterit,
i The first attempt to depart from this was that by Coale and Hoover (1958).
" While these authors showed that there is a negative relationship between
population growth and economic development, they also treated population as
an endogenous or policy variable. In other words, they tried to show that a
couniry can reach a higher stage of economic development if the rate of
population growth is slower. The Coale and Hoover model is based on the
“dependency ratio” argument, that is, a higher rate of population growth would
lead to a larger percentage of younger members in the population, most of
whom are dependants. The latter are mostly consumers, not producers. This
would, in turn, reduce per capita saving, capital formation and eventually,
investment and per capita GDP. The above assumptions were applied for India
and Mexico and the results showed that the dependency ratio argument does
have some relevance.

Following that pioneering work by Coale and Hoover, Enke (1974) developed
a series of simulation models. He described a disaggregated economic-
demographic model to study the effects of government-financed fertility
reduction programmes on various indicators of development over a 30-year
period. Enke’s model is supply constrained since an increase in government
expenditure will be at the expense of private consumption and investment. The
results show that increased government expenditure on family planning services
will increase almost every indicator of economic development.




The models of Coale, Hoover and Enke are simple projections based on
hypothetical situation. They do not use past observation to predict the futy
through regression or related models. Leff (1969) attempted to estimate th
demographic determinants of saving by using cross-country data where
country was taken as a unit of observation. He apphed Ordinary Least Square
method on the demographic determinants of savmg and found that there wa
significant negative relationship between the saving rate and the proportmn
dependants—both young and old.

By far the most comprehensive study on the relationship between populatio
growth and economic development was provided by Tung (1984) for Taiwan
He developed an econometric demographic model for Taiwan and used time
series analysis to estimate his 115 equations and identities. He found that in the
short run a reduced rate of population growth will bring about a higher rate o
per capita income. One of the major drawbacks of Tung’s model is that it
not take into account migration of people from rural to urban areas. Simila
results were obtained by Mclntosh (1978), Gillman (1981) and others. On
other hand, little modelling was done on economic-demographic interaction in
African countries. Therefore, this author (Kidane, 1987) carried out such a stu
for Ethiopia and the results suggest a negative relation between per capita saving
and the proportion of young (not old) dependants.

The purpose of the present study was to develop a detailed economm
demographic model for Ethiopia, study the interaction between the two
considering various demographic variables as being endogenous, and to asses
the effect of changes in these demographic indicators on some economic.
parameters. The paper develops the economic-demographic interactions in a
schematic form by identifying the direction of variable associations and then:
recording the various structural equations and identities. Time-series data from-.
Ethiopia will then be used to estimate the appropriate parameters, followed by
simulation under different assumptions.




Il. Description of a simplified
economic-demographic model

mplified economic-demographic model and the interaction between the
given in schematic form in Figure 1. The model is divided into two
he traditional and the modern. Each sector has its own economic and
ographic sub-models. The traditional sector is again subdivided into
nce and cash-crop economies. We assume that modern-sector production
ilize capital as an input, while traditional-sector production will not. A
mption function will also be specified, even though it is not shown in the
atic presentation. In the demographic sub-model, birth rate, death rate and
jon rate will have an effect on the size of the population which, in tumn,
fect the labour force and consumption. Migration will be between the
onal and modern sectors, the movement being from the former to the
Obviously, this will have an effect on the population size of the traditional
modern sectors.

overnment consumption function, along with exports and imports, will
be considered. The amount of exports will be a function of the traditional
ctt}r..gThis, in turn, has an effect on imports, and eventually on capital stock,
abour-force participation rate, and eventually on the overall GDP,
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lll. Mathematical formulation
of the model

issified the economy into traditional and modern sectors, along with
nt and the rest of the world sectors, we now present the functional
- for our macroeconomic demographic model. The model will contain
and demographic sub-models.

onomic sub-model

11 be three production functions, two for the agricultural sector and one
on-agricultural sector. The agricultural production function will be for
other crops. A Cobb Douglas-type production function will be
. The models are:

=YAC+ YAO + YNA
Lb+ b+ Lo

above specification, YAC, YAQ, YNA are outputs of agricultural cash
other agriculture and non-agricultural output, respectively; Lb, L6’ Lo are

f'i'nputs; L7 and L] land cultivated; K4 is capital input in the non-
tural sector; and L is the total labour force.

é‘v_”_will be two different consumption functions, one for the private sector and
other for government. Because of data constraints, different consumption
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functions for the traditional and modern sector could not be specified. The
functions are: . ’

(5) Private consumption CP =15(YD,CP-1)
(6) Government consumption CG =g (Y, P)
(7) Aggregate consumption C =CP+CG

YD, P and C are per capita GDP, population and consumption, respectively.:

The foreign trade sector

This sector will be represented by four equations—two for the export of coffee
and other items, and two for the import of oil and other commodities.

The export equation:
@®) XC=£{QC K
(9 XO0=1y(PO)
(1) X =XC+ X0
In the above functions, XC and XO represent export of coffee and of otﬁ;r
commodities, respectively, and X is the aggregate export, Q¢, PCand PO
represent the amount of coffee produced and price indices of coffee and other
commodities, respectively.
The import equation:
(11)  MF=1£(X., Yy, PF)
(12) MO = f15(X.1, Yp, PO)
(13) M=MF+ MO
Again, MF and MO represent imports of fuel and other commodities; :

respectively, while M is the aggregate value of the same. Both equations are
functions of lagged total export (X.,), the respective import price indices and per

capita income.

The economic sub-model assumes that at an equilibrium point aggregate
output equals aggregate demand. The sub-model is closed by the identity which
states that investment is total income less consumption plus net exports.

(A4)I=Y-C-X+M)
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emographic sub-model

nd néij‘rtalixy

re ‘various ways of modelling the demographic behavioural equations
. Assuming that data would be available, the most effective way of
3 determmanl:s of demographlc variables would be to follow the

_'ere are. many socio-economic variables that determine age-speaﬁc fertility
' ,lval rates To mcludc all possible determinants would not be feasible

ASFRBR = f15_21 (YRUR)

" ASFRY = fy, 53 (YUR)
Ca=1,2,...7

 ASSRy = fa9_41 (YRUR)
a'=1,2,...13

;tht: ‘above functions, ASFR ; and ASFRR are age- specific fertility rate of
“and rural women where the age of the women is grouped by the
entional five-year intervals; ASSRg’ is average age-specific survival rate of
ritral and urban population; a’ is the conventional five-year interval, the upper
limit of which is 65 years and above. YRUR and YUR are the per capita income
1e rural and urban populations respectively.

Estimating the age-specific fertility and mortality rates will give us an
indication of the effects of changing age distribution. Once these age-
distribution effects are identified, we will be able to project the population. One
. of the most common methods of population projection, namely the “component
'method”, will be applied in the process of projection. After the component
i method is applied to forecast age-specific future population for each sub-sector,
i “ithe total population will be obtained by aggregation.
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Internal migration

Internal migration is another demographic variable that has an effect on the
growth distribution of the population, as well as on the labour force. One of the
major reasons for classifying the economy into modern and traditional sectors
would be to study rural-urban migration, its rates and determinants. Interna
migration in developing countries has been studied by Lewis (1954), Niho and
Sato (1971), Yap (1976), and others through the “dualism” concept.

Many economists have tried to identify the major determinants of migration,
By far the most important determinant of urban rural migration is the income
differential between the agricultural (traditional) and modern sectors. The
migration equation will not be age specific and will be given as follows:

(42) MIG = {55 (YUR - YRUR)

Where MIG is the number of net migrants to urban areas.



IV. Data sources

nerally, it is not easy to obtain all the necessary time-series data for
sstimating .the preceding model. It is even more difficult when one tries to
imate the relatively complex model for Ethiopia.

Time=series data that are reliable, up to date and internally consistent are hard
> come by. However, an attempt was made to collect the necessary information.
[nformation on GDP and its various components was obtained from various
nnval publications such as the Ethiopian Statistical Abstracts, as well as from
inual Reports of the National Bank of Ethiopia. GDP and its various
mponents are given in Ethiopian currency (Birr). The same is true for private
nd government consumption as well as various components of export and
mport. Also acreage planted and labour input is given in hectares and number
workers respectively. On the other hand all prices are given in relative terms.
These:data are satisfactory. However, the demographic variables were available
nly for selected years, and various methods of extrapolation were used to fill in
he missing values. Table 1 shows the mean variance and minimum and
maximum values of some relevant variables. The table shows that the data seem
-to.be within acceptable limits.

i Table 1. Summary statistics of selected economic demographic variables®

Mean Standard Minimum Maximum
deviation

ASSR 0-4 0.858 0.004 0.852 0.865
ASSR 20-24 0.966 0.005 0.958 0.973
ASSR 50-54 0.870 0.003 0.849 0.901
ASFR; 2529 0.255 0.001 0.254 0.256
ASFRp25-29 0.259 0.038 0.219 0.333
YAO 5840.250 967.009 4099.0 7419.0
cp 5010.520 1946.864 24470 81320
b 326.619 178.540 139.0 593
ME 123.942 121.242 29 423
PC 1.339 0.951 059 3.46
P 1.289 0.665 0.45 2.49

*-Some of the observations are measured in physical quantities while athers are in money terms.



V. Results and applicaﬁb'

Both Ordinary Least Square (OLS) and 2SLS were applied in estimating thi
behavioural equations. The two methods give similar results, and OLS estin
are given in Tables 2 and 3. Only the functional forms that give a better fi
presented. )

Table 2 Regression of age-specific fertility rates

Urban Rural ;
Age group Intercept Slope Adiusted R? intercept Slope Adju.;;t.:é'd
16-19 0.109 -0.001 0.79 -0.184 0.005 0.78 :
(21.84) (-6.21) (-4.05) (6.74) :
20-24 0.271 00002 096 -0.067 0.005 0.73
(199.48) (+16.06) (+1.35) (5.96)
25-29 0.252 -0.0001 0.94 0.864 -0.009 0.75"
{1213.76) (12.669) (4.23) (-2.96) _
30-34 0.233 -0.0003 095 0.383 -0.003 074"
(86.22) (-13.90) (11.54) (-6.15)
35-39 0.121 0.0001 0.94 0315 -0.003 042"
(128.64) (12.04) (5.61) (-3.207) .
40-44 0.014 0.0004 096 0.365 -0.005 0.79 -
(5.13) (15.40) (8.53) (-6.98) '
45-49 0.179 -0.0006 0.1 -0.003 0.001 014

(0511) (-0.19) (-0.14) (1.761)




able 3, Regre
i urban areas”
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'R'eg'_'r'éssi(}n of age-specific survival rates for rural and

Intercept Slope Adjusted R?
1.367 ~0.003 0.923
{29.599) (-11.529)
1.367 ~0.003 0.923
{29.599) {-11.529)
0.928 0.0003 0.839
(150.626) (7.626)
0.946 0.0002 0.922
(11.462) {11.462)
0.932 0.0002 0.923
(315.33) (11.551)
0.952 0.0001 0.923
(752.303) (11.551)
0.906 0.0003 0.923
(178.881) (11.551)
0.949 0.0004 0.923
(499.640) (11.551)
0.894 0.0004 0.923
(162.983) (11.551)
0.911 0.0030 0.999
‘ (499.00) (252.00)
" 80-54 1.781 0.0001 0.923
(3.649) (11.885)
5559 0.850 0.0001 0.851
(92.855) (9.597)
60-64 0.721 0.0010 0,923
‘ (51.743) (11.551)

The economic sub-model

Agricultural production functions
Cash crop

U INYAC =120 + . 16 InLb + 1,55 InLS
(-823) (1.54)  (14.05)

*iAmvaverage of the rural and urban survival rates was included.

R: =93F(2, 15 =11222
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Other crops

In YAO = 6.425 +.060 InLb + 0.351 InLS" R2 =037,F (2, 15) =597 -
(9.82) (1.16) (3.45)

Non-agricultural production functions

=0.65,F (2,12) = 14.01

A

In YNA = 2.916 + 0,181 InLD £ 0.787 [nKA
1.10) (3.78) a7

Government consumption

!

CG =-1509.910 + 0.13Y + 49.65P
2.11) (0.9

=096,F(2, 18) =265

Private consumption

CP =-18.927 + 0.98 YD R2 =099, F (1, 12) = 1.836
(-4.89) (42.36)

Coffee exports

X€=-53.958 + 129.79 PC + 1.009 Q¢ R? =065, F(2,13)= 1501
(-0.257) (3.014) (0.758) .

Other exports

In X9 = 102.793 + 155 PO - 1 R? =0.306,F (1, 14) =7.63
(2.194)  (2.762)

Fuel imports

Mf=-184.935 + 9.657Pf- 14+ 047Yp+0477X-1  R® =0.89, F(3,2) =42.36
(-1.402) (0.491) (0.340) (2.660)

Other imports

!

MO =-634.487 + 6.995Yp + 0.241X-1
(-2.529) (2.630) (0.681)

Migration

Mig = 0.423 + 0.001 Diff R? =098, F(l,12)=81272
(42.22) (28.51)

=0.88,F(2,14)=58.60 -
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'empirical results of the economic submodel exhibit high explanatory
blés and seem to be satisfactory. However, there are some equations that
be peculiar and deserve explanation, The cash crop production function
cems to exhibit increasing returns to scale. In this equation the contribution of
creag'é':"-_"s:eems to be quite important while labour’s contribution, though
ositive, was found to be non-significant. The result suggests that land is scarce
o Iabour and hence there may be higher return from one extra hectare of land
ian the corresponding one extra unit of labour input. On the other hand, the
arginal product of labour in the non-agricultural sector seems to be positive
and significant,
“'The marginal propensity to consume, which is 0.98, suggests that the
ggregate saving rate is only 2 percent of the disposable income, and this is not
musual in a country that registers the lowest per capita income in the world and
“has frequent droughts and famines.

-Both the coffee and other export equations give the predicted result,
uggesting that farmers tend to react to changes in the price of exportable
roducts in the predictable manner. The import of fuel and other commodities is
‘heavily affected by lagged export earning; while price does not seem to have an
effect on fuel imports, per capita GDP seems to have a positive and significant
‘effect on the import of non-fuel items.

The demographic sub-model

Like ‘the economic sub-model, the demographic sub-model seems to show
satisfactory results. However, in some age groups the relation between fertility,
on the one hand, and the explanatory variable (income), on the other did seem to
be counter-intuitive. This is especially so in the later stages of women’s
reproductive period. Moreover, the explanatory power of the fertility equations
at-ages 4549 is quite low. The reason for such a result may be the low number
of observations within this age group. The age-specific survival rate in Table 3
suggest that there is little difference in the relation between age-specific survival
rate -and per capita GDP for most of the age groups. The unexpected negative
sign of the slope among the age category 5-9 may be attributed to the possible
age misreporting among this group.,

In general, one can use the economic and demographic estimates for
simulation purposes.

Simulation

Having specified the economic-demographic sub-models, we now attempt to
show the interaction between the two.! This is done by changing the coefficients
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of the demographic sub-model and studying its effect on various component_
the economic variables, such as aggregate and per capita GDP as well as G
per adult equivalent consumer. Our approach is similar to that followed by Tun
(1984). The steps that we will follow are: :

(a) Fertility was reduced by shifting the constant term of the age-épeéif
fertility equations by 25 and 50 percent, respectively.2 It is assumed-
mortality rates will behave in the future in the same as they did in the pa

{(b) Based on the assumption in (a) we re-estimated the rate of populatlo
growth and projected the Ethiopian populatlon by the conventional fiv
year groups. The projected population is for both rural and urban centr
and for the years 2000 and 2010. The year 1985 is the initial period. Rura
urban migration was also taken into consideration in the projection of the_
population. The results are given in the upper part of Table 4. :

The labour force in both rural and urban centres for the two projected perioc
is given and this was integrated with the relevant production fuctions within th
economic sub-model. We then estimated the GDP from cash, non-cash and no
agriculture. This was added so as to get the overall GDP for the years 2000
2010. When forecasting the various components of the GDP, we assume that'
acreage, capital input and investment will continue to increase at the same rate
as they did in the past. The projected economic variables are given in the low
part of Table 4. -

The projected components of GDP suggest that the cash crop cultivation W111'
constitute a larger portion of agricultural production both in terms of acreage
and exported revenues. This is because of the relatively elastic response of yield
to acreage cultivated. Non-agricultural production will also make up a larger
portion of GDP in the years 2000 and 2010. The projected results also suggeste
a longer growth of export earning compared to import payments.

The results show that the 15-14-year-old agricultural labour force w1lI be-
increased by 21 and 39 percent, respectively for the two forecast periods. For the
non-agricultural sector, the labour force will be increased by 1.86 and 4.2 times.
for the two forecast periods, respectively. Based on this assumption, a reduced
population growth will mean that the GDP will increase by only 75 and 188
percent for the two periods. On the other hand, per capita GDP will increase by
36 and 94 percent for a lower fertility reduction. A significant increase is
observed when one considers GDP per adult equivalent consumer3 as well as
higher fertility reduction. B




Table 4 Projected economic and demographic variables under reduced fertility schedu es

1985 2000 S
1 2 1 2
Age Group Ruyral Urban Rural Urban Bural Urban Rural Urban Rural Urban
1. Demographic vaniables
04 7.02 0.62 5.56 1.30 3.83 0.89 5.87 1.15 3.83 1.08
5-9 5.86 0.44 6.28 148 342 0.80 6.62 1.87 342 0.96
10-14 4.88 0.54 4.96 1.18 3.22 0.76 5.28 1.49 3.22 0.91
>55 2.23 0.25 3.01 0.71 445 1.10 334 0.94 4.91 1.38
15-54 20.90 2.07 25.39 5.93 27.1 6.28 29.03 8.70 28.85 8.14
2. Economiic variables 1985 2000 2010
GDP from: 1 2 3 2
Cash crops 1,030 1,536 1,568 2,362 2,362
Other crops 1,526 1,523 1,532 1,673 1,673
Non-agrichlture 1,247 3,626 3,666 4,582 4,500
Exports 1,314 1,611 1,669
Imports 1,325 1,505 1,897
Investment 733 963 1,115
GDP ati.c 4,525 7,754 7,434 9.504 9,422
GDP per capita 101 138.8 1433 147.8 166.1
GDP per aduit
equivatent 121.1 159.3 157.0 181.0 204.2

1 = 25 percent reduction in the constant term.
2 = 50 percent reduction in the constant term.

VidOIH13 304 T3Q0WN OIHdV&SOWBG*OIWONQOBGNQ
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VI. Conclusiol

The preceding estimation and simulation process showed that one can get som
insight into economic-demographic interactions, and that the use

demographic variables as policy instruments could yield a higher per capit
income in general and per adult equivalent consumer in particular. The resul
are based on the assumption that the given state of technology, and the capit:
labour ratio, will not change significantly. The overall investment, as well.a
acreage planted, will increase at the same rate as in the past. If a lower ferti

rate yields higher per capita GDP, the next question will be how to go abo
reducing the current high rate (3.0 percent) of population growth in Ethiopi:
Obviously it would be impossible to reduce the total fertility rate from 6.6 to 3.
within a decade or two. However, a start may have to be made.



Notes

‘1t will.be assumed that the age-specific survival rate of the rural and urban population will
‘decrease at the same rate in the future as it did in the past.

A 25-50 percent decrease in the constant term implied a reduction in total fertility rate
from:6:6.to.3:4 and 1.9 in the years 2000 and 2010, respectively, for the rural population.
" For the urban population, this would mean a reduction from 6.21 to 3.72 and 2.06 for the
- same years.

. The-urban and rural population of Ethiopia in terms of adult equivalents is given as fol-
lows:

0-4.=0.45, 5-9=065 10~14=038515+=1.0
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