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Dependency Ratio and the Economic Growth Puzzle
in Sub-Saharan Africa

I. Introduction

Sub-Saharan Africa’s poor economic performancanse® be a somewhat enigmatic
feature in world economy. According to the WorldnBg2002) data set, in the 1960s an
average person living in SSA was earning an avesageial income of USD 522.94,
while an average person living in high income eeoisagroups of the world was earning
an annual average income of $12330 which is ab8uin2es that of the SSA. This ratio
reached 34 in the 1990s. Leaving alone the higbnecgroup, if one compares SSA with
that of Latin American and Caribbean, an averagsqgpeliving in the later region during
1960-2000 was earning an annual average incom@&@B2swhich is about five fold of
that of SSA.

The same image can be observed from an income dgm@erspective. The estimate from
the data set used suggests that if the conditib@9@0-2000 are to persist into the future,
an average SSA person may require 750, 350, an® 42aré, respectively to arrive at
the income per capita level of high income grougsin America and Caribbean, and
World average income, respectively. Similar odditiean also be observed from
development perspective. According to the UNDP {9Buman development index
(HDI) which is a composite index based on literaaygl life expectancy rates and the real
GDP per capita growth rate, 32 of the poorest 4thtes of the world are in SSA. Here,
the central question is what has gone wrong withSB8A region to have performed so

poorly?

In tracing the root cause of this enigmatic ecomoproblem, development specialists
have listed a number of factors as sources of thgadty. Some writers attribute it to

geography i.e. tropical climate and land-lockedn&sese, Braudel, 1995; Landes, 1998;
Diamond, 1997; Reader, 1998; Hall and Jones, 1838d;Sowell, 1998). Others attribute

! The groupings are according to World Bank (20Ggpdet.
2 An implicit objective of the paper is to search fomechanism that may help to reduce such distgrbi
long catching-up periods.



it to demography (Bloom and Williamson, 1998), powstitutional quality and/or public
policy choice (Mauro, 1995; Sachs and Warner, 1®4arro, 1997), ethno-linguistic
heterogeneity (Easterly and Levine, 1997), andestagitimacy and colonial legacy
(Englebert, 2000).

This study develops and analyzes a framework tatses on the growth process of an
economy with high dependency ratio taking its depar the Solow growth model
(1956).

Dependency could be related to economic performdhiugh its effect on savings
which is the basic component of the neoclassicaltir model. Typically, dependents
(the elderly and children) will be supported eitli@ough government transfers which
are financed through taxes and government asgetisey will be supported through in-
house family care. In the former case, as the nunobedependents increases, the
required transfers increase which, in turn, requnoeeasing taxes that suppress savings.
Like wise, in the case of family-care, as depersl@mtrease, the consumption rate per
household will increase, which suppresses saviaigs Moreover, within a household, as
dependency increases the time required to takefoatbe dependents will increase and

the time available for paid labor force will be uvedd.

The converse of this argument may not necessagillyue. Basically, as the dependency
ratio declines, more resources will be releasedirfeestment in physical and human
capital accumulation which, in turn, raises the gagpita income growth rate. However,
this condition demands the existence of a bett@m@&mic environment to prevail.

Particularly, the released volume of resourcestbi@xactly be invested in that particular
economy without an outflow or leakage for whateneason. If the resources are diverted
to other economies, be it willingly or unwillinglyhe expected growth gain from decline
in the dependency ratio may not be achieved. is ¢bnnection, some authors have
attributed the absence of gains from dependendjnedo financial crises, debt services,
and unfavorable terms of trade. By considering riflationship between dependency
rates and savings in the context of a properlyneefitheoretical framework applicable

household saving behavior under uncertainty, R{889) reaches the conclusion that



even the current anemic growth in Sub-Sahara Afaicd elsewhere may have to be
downward adjusted in the presence of rising depsndeates. Bloom, Canning, and
Sevila (2001), for example, have attributed theesabs of growth gains from dependency
decline in Latin America to recurrent financialsgs and high trade tariffs. In the next
sections, we provide both a theoretical and englirevidence to demonstrate the

dependency ratio and economic growth puzzle usuilgSahara Africa as a case study.

I1. The Framework
From the Solow (1956) growth model), we have
AK=Sy—(N+0)Keuevviiieeiiiiiicciiieiee, L

whereAk, s, y, n ,0, andk are change in capital per worker, savings rate,cpeita
income, rate of population growth, depreciatior raind capital per worker, respectively.
The above model implicitly assumes the insignif@arand constancy of dependency
ratio over time. However, due to demographic ttamsiand changes in the status of
health, there is a possibility of having a variathgendency ratio (low or high). On this
ground, equation [1] could be modified as
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whereP is thetotal population P° is thelabor force
d
P¢ is thedependenpopulation and u = L

Pe
M isthedependencsatio
Equation [2] suggests that economies with high degecy ratio |{) reach their steady
state equilibrium at a low level of income in raelatterms. To highlight this point, the

stable equilibrium of two economies with unequgleledency ratio is given in figure [1].

Figure 1: Solow Model with Dependency Ratio




\ i=(n+og)k

> o

y=YIP

o= sy(;%)J

VYa

I_S

1+ )

Vi

k=K/L

_S

2 )-(n+ak <k = syl )-(n+a)k

where 1 is dependencyatio

1+,u

Figure [1] indicates the steady state of two ecarerwith different dependency ratios,
(Lo andpy, where 14 <p1). Economy 1 with (p) dependency ratio reaches its steady state
at ko and y, while economy two with dependency ratiq)(peaches its steady state at k
and y which is below the former steady state. In otherdsp as dependents of an
economic agent increase, the portion of incomendividual is willing to save will be
reduced and hence lower the level of capital peikkero Moreover, Figure [1] suggests
that the wider the range between the dependenmsrahe wider the gap between the
two economies' steady states. Turning back to ®&'sSeconomic growth puzzle, the
result implies that high dependency ratio coulddoe of the major factors that has

trapped economies characterized with a low incoereppita level.

The common prescription given for escaping thisetgb low-level equilibrium trap is
applying economy-wide “big-push” investment effodsming from grants or foreign
direct investment. From figure [1], it is possilieinfer that the higher the dependency

ratio, the greater the big-push necessary in daléft the economy beyond the unstable



equilibrium so that the economy can self-sustainmimve towards the second stable
equilibrium. However, if the size of the push (thassive infusion of investment) is not
proportionally big enough to the dependency rdtien the economy may not escape the
trap. Other things remaining the same, the generglication of this analysis is that
economies with large dependency ratio may requireassive infusion of capital should
the means of influencing the level of stable efuilim is only limited to a big-push
strategy.

Moreover, it is possible to suggest from the analyise allocation of such a big push
whenever it is available. If investment in physicapital accumulation is made while the
dependency ratio is so high, the growth gain adddvom the push will be short lived,
and the stable equilibrium will tend to revert backts original equilibrium point. If the
strategic resources used for reducing the depegdatio are investments in education
and improvements of the health status of the peoptevever, the gain may be
sustainable.

From Figure 1, one might also observe that thedgtstate capital per worker level and
income per capita could be influenced by variatérthe level of dependency ratio. As
has already been indicated, the economic logicnoethis argument is that when the
dependency ratio declines, some resources wil/hgadle to be invested in physical and

human capital accumulation. From the above argunveamtcan infer thaty = f (x)and

Equation [2] can be now be replaced by Equation [3]

Usingcalculuswecanobtaing and @ as parameters and @ is expectedto be negative

In explicit terms, equation [3] states that if aoeomy could reduce its dependency ratio
from pito o as in figure [1], then income per capita will iaase from yto yo through
savings and investment in the suggested factoqgraduction. The next section deals
with further examination of this argument with thelp of empirical data.

I11. The Empirical Evidence



3.1 Descriptive Analysis

World Bank (2002) data set indicates that the deeecoy ratio of SSA is consistently
higher than that of other regions of the world. &iseries data on dependency ratio of the
region in comparison with other regions is presgérda Figure [2]. The graph below
shows that only during the 1960s and early 197@gk region’s dependency ratio fall
below that of North Africa and Middle East. In fatite figure indicates that SSA is the
only region which failed to experience a declinetive dependency ratio that was
observed in most other parts of the world. Howewdngther the difference between
SSA’s dependency ratio and other parts of the wooladld be due to sampling error or

not shall be clarified using some statistical tools

Figure- 2: Dependency Ratio in Some Regions
of the World
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3.2. Analysis of Variance for Regional dependency Ratio

Figure [2] suggests that there are some variationthe dependency ratio of some
regions. The European Monetary Union, for examipées, got a dependency ratio that is
far below that of other regions throughout the 192600. If such differences are

statistically significant, one may expect a diffgrsteady state for the different regions
based on equation [2]. Such a conclusion, howédwaes to be statically validated. For this

purpose, we employed one-way classification ofysisiof variance (ANOVA). This test



informs whether expecting a different steady statedifferent regions is legitimate, or
not; i.e. if the variation we observe in the figlig¢ is attributable to a simple sampling
error or not. Should the F-test accepts the hyodhihat between-groups variation is
identical with that of in-groups variation, thenpexting a different steady state for the
regions is considered to be inappropriate and bsermed variation will be considered to
be simply due to a sampling error. If on the othand the test rejects the hypothesis,
then expecting a different steady state for diffieregions will be legitimate. Under this
circumstance, we expect SSA to have a differerddstestate, at least with one of the

listed regions. The test results are given in tdble

Table-1: ANOVA of Regional Dependency Ratio

Source of Variation SS Df MS F P-value
Between Groups 11.518416.0000 0.7199153.2955 0.0000
Within Groups 3.1934 680.000®.0047

Total 14.7117 696.0000

The F-value and its corresponding p-value in tdbkaggests that there is strong mean
differences between the indicated regiofps-0.0000), which in turn implies that
expecting a

different steady state level for different regiosdegitimate. Moreover, we expect SSA
to have a different steady state from at leastregen included in the analysis based on
this test result. In fact, this test result haséoqualified to present as an evidence for
SSA to have low steady state because of its higkm¥ency ratio. We need to get more a
statically significant evidence for the argumeratt®SA’s dependency ratio is higher
than the other regions by employing a two samplammeéifference t-test, assuming
unequal variance. The test result is given on tdble

Table-2: Two-Sample M ean Difference t-test, Assuming Unequal Variance

Region Mean SE T-value P-value
Sub-Saharan Africa 0.91820.0230

East Asia & Pacific 0.68040.1245 12.0275 0.0000
Europe & Central Asia 0.56460.0322 57.2687 0.0000

European Monetary Union  0.5299.0437 50.3639 0.0000




Latin America & Caribbean 0.77600.1012 8.7742 0.0000
Middle East & North Africa 0.8863 0.0743 2.6224 0.0117
South Asia 0.76650.0469 18.5785 0.0000
World 0.7121 0.0885 22.1289 0.0000

The second column of table-2 suggests that theageedependency ratio of SSA
(0.9182) is higher than the other regions. Thetfoeolumn gives the p-values for the
test that compares this mean with the other regioreéan, one after the other and all the
p-values confirm the argument that SSA’s dependeaty is significantly higher than
the other regions of the worlg<0.05). This test result together with equation [2] will
inform that the region has faced its first staldj@igbrium at a relatively lower level of

capital labor ratio and lower income per capita.

3.3 Econometric Analysis

In this sub-section, we examine to see if the stestate level could be influenced by the
changing the dependency ratio based on an empawaénce. In other words, we try to
see whether the dynamics of dependency ratio hlasogoe connection with income per
capita dynamics. For this purpose, we estimatedptrameters of equation [3] using
panel data analysis. Moreover, to see if margifffeiceof a change in the dependency
ratio is similar with the rest of the world, wedlirestimate the equation from the full
(entire world) panel data that contain 99 counfréexl secondly, from SSA’s panel data
that contain 41 countries of the region over theydérs from 1960-2000. In forming the
panel, the time series data of each country weeeaged over five years and a total of
eight periods were formed for each country; an enwetric model is specified for
equation [3] in its general form. In order to pr&ian empirical exposition of the model,
the specification is given as follows:

y(9,t) = A(g) + T(t)+ D (g, t) + W(g,t)--eevererveeereemaiiiennn, [4]

Where y(g,t) is natural logarithm of GDP per camtaountryg at periodt, and |{g,t) is
natural logarithm of the dependency ratiodetl,2,...m(number of countries)=1,2,...T



(number of periods)@ is a parameter¥{g,t) is a classical stochastic disturbance term
with E[ ¥(g,)]=0 andvar[ ¥{g,t)] =% ; &g) and /{t) are country and time specific
effects, respectively. Instead of an a priori decin the behavior of(g) and /t), five
different types of the most common assumptionssaparately imposed on the model
and the one that gives a superior estimate isteeldased on statistical rules.

The first assumption is that all of the country gpe effects are constant and equal
across the countries; and the time specific effetsot present, i.&g)=A4 and /(t) =0,
for some constard. Under this assumption, Equatif8] is estimated by ordinary least

squares (OLS) method and the results are repostdteeRestricted OLS Model.

The second and third alternative specificationaurags the absence of time specific
effects, which is a basic attribute of the One-Vgagcification. The second estimation
technique assumes that country specific effectscanstants like the first one, but not
necessarily equal, i.&(g) = A(g) and/{t) =0, for some constant¥g). Under this case,
equation[3] is estimated by a partitioned OLS. The estimatesreported under One-
Way Fixed-Effects Model.

The third assumption type tested in the analysthas country specific effects are not
constants, but rather are disturbances; and the $pecific effects are not present here
again i.e. g)=A+w(g) and /{t) =0, where E[(w(g)]=0, and var[w(g)] =d% and
cov[¥g,t),w(g)] =0. Unlike the previous cases, equaltiBhis estimated by a feasible 2-
step Generalized Least Squares (GLS). The resuttssoestimation are given under the
One-Way Random-Effects Model.

The fourth and the fifth assumptions differ frome tfirst three in their time specific
effects components (a basic feature of Two-Way iipatton). The fourth assumption
requires that both country and time specific effearte constants, but are not necessarily

equal; and there is an overall constant, &g) + /(t) =A+ A'(g)+ A1), whereA’, A(Q)
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and (t) are some constants. The results of this estimarerreported under the Two-
Way Fixed-Effects Model.

The last assumption is that both the country ame tspecific effects are disturbances
with &g) + 7(t) =A"+w’ (g)+ 1(t), whereA” is some constant, ang’ (g), 7(t) are
disturbances. In this case, just as in assumpli@etabove, equatiqB) is estimated by
a 2-step GLS model. The results of the estimatrerrgported under Two-Way Random-
Effects Model. After estimating the parameters Hase the above five assumptions, the

superior specification is selected on the base sifitable statistical test.

Accordingly, equatior(3) is estimated using the data and method describedea The
empirical results from the World Bank panel data given in tables 3 and 4. To choose
from One-Way and Two-Way specifications, we use Rkstatistics. The statistics tests
the significance of any time specific effect thatniot included in One-Way regression
specification. The test result given at the bottoitable [4], suggests that Two-Way
error component regression model is superior tcdthe-Way (p=0.0000).

Table[3]: One-Way Error Component Regression

Model Estimatesfor Equation (3)

Estimators Parameters Estimate of St. error of T-ratio p-value
the the
parameter parameter
Restricted - : L - ¢
M adel a 6.098¢ 0.055:¢ 110.393(  0.000(
Fixed ® -1.667( 0.C84¢ -19.651¢  0.000(
Effect
Random ® -1.832: 0.079. -22.988¢  0.000(
Effect a 7.010( 0.092¢ 75.864"  0.000(

Lagrange Multiplier test of RM vs. FE/RE )((21) =163727 , p =0.0000
Hausman test of FE vs. RE; g = 000, p = 0.9888
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Table[4]: Two-Way Error Component Regression

Model Estimatesfor Equation (3)

Estimators Parameters Estimate of the St. error of T-ratio p-
parameter the parameter value

Fixed ) -1.1752 0.0874 -13.4430 0.0000
Effect a

M odel 7.2035 0.0270 266.4630  0.0000
Random ® -1.4111 0.0845 -16.6934 0.0000
Effect a

M odel 7.1340 0.1012 70.4901 0.0000

F-test of One-Way vs Two-Walf[7.685]=34.504, p=0.0000
Lagrange Multiplier test of RM vs. FE/Rﬁé) =166431, p = 0.0000

Hausman test of FE vs. RE,Y(ZD =11198, p =0.0000

The next step will be selecting an appropriatengsior from the three given estimators.
To start with, the poolability or appropriatenedstioe constrained model, or OLS
estimator is tested. In other words, this testhelpto examine the hypothesis of absence
of country specific effects. With N=99 T= 8 and k27 a Lagrange-multiplier test for

significance of country specific effects yieldsya-value of 1637.27p=0.0000. This is
distributed aS)((zl)under the null hypothesis of zero country specfiects. The null is

soundly rejected, and the within or the random affeodel is preferred to OLS
estimator. That is, the test does not support tdotgbility of the data set, suggesting that

there are strong country-specific effects.

Next, for the choice between the random-effects §@stimator) and the within-effect
estimator, a Hausman-test is performed. The bassunaption associated with the
random-effect is that there is no correlation betwéhe regressor and country-specific
effects. If such an assumption is violated, them @LS estimator will be biased and

inconsistent. The test showsyédvalue equal td.00, (p=0.9888). This is distributed as
X(zl) under the null hypothesis of absence of the indtabrrelation. The null hypothesis

of no correlation between the country-specific effand the regressor is strongly

accepted. This implies that the GLS estimator is ¢hse is unbiased and consistent. As a
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result, the preferable estimates of the parametezguation(3) can be given by the two-

way random-effects models.

Accordingly, the coefficient of the natural logamt of the dependency ratio is found to
be negative and statistically significant, suggesthat growth of the variable adversely
affects the pace of GDP per capita growth in thireemworld. The results suggest that a
one percent increment in dependency rate can ssp@BPP per capita growth by about
1.4%.

Following the same method of analysis, next, weémeged equation [3] from SSA’s
panel data separately, to compare marginal eftdaiependency ratio of the region with

that of the world. The results are given in talegnd table [6].

Table[5]: One-Way Error Component Regression

Model Estimatesfor Equation (3)

Estimators Parameters Estimate of St. error of T-ratio p-value
the the parameter
parameter
Restricted _® -3.293: 0.368. -8.932¢ 0.000(
M adel a 5.872¢ 0.065: 89.870¢  0.000(
Fixed ® -2.346° 0.389: -6.027( 0.000(
Effect
Random ® -2.423: 0.256: -9.459; 0.000(
Effect a 5.971¢ 0.124¢ 47.980(  0.000(

Lagrange Multiplier test of RM vs. FE/RE g, = 43972, p = 0.0000
Hausman test of FE vs. RE; g, = 000, p = 0.9759

Table[6]: Two-Way Error Component Regression

Model Estimatesfor Equation (3)
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Estimators Parameters Estimate of the St. error of T-ratio p-

parameter the parameter value
Fixed ) -2.4929 0.2574 -9.6852 0.0000
Effect a
M odel 5.9637 0.0387 154.2110  0.0000
Random ® -2.5075 0.2505 -10.0085 0.0000
Effect a
M odel 5.9637 0.1287 46.3376 0.0000

F-test of One-Way vs Two-Walf[7,209]=3.497, p=0.0014
Lagrange Multiplier test of RM vs. FE/Rﬁé) =439.78 , p =0.0000

Hausman test of FE vs. RE,Y(ZD = 006, p=0.8044

Following the procedure given above, we found bettivo-way random effect model to
give a superior estimate of the parameter in eqndt] for SSA. The results in table [5]
suggest that just like the other parts of the walg@rogressive dependency ratio has got
an adverse effect on the GDP per capita growtthéenregion. Conversely, the results
suggest that, should the region have control ower gains available from falling
dependency ratio and use it effectively for the nowement of its economic growth
efforts, a falling dependency ratio has an incoree gapita growth enhancing effect,
serving it as a mechanism for changing the curdesmnal economic status of SSA.
According to the present level of dependency ratiBurope and Central Asia (0.56), this
may generate an income per capita growth equivadewhat was recorded in East Asia
& the Pacific during the 1990s in twenty years tifadnich is actually too restrictive),
then the region could reach the current averagemecper capita level of High Income
groups, Latin America & the Caribbean, and World Gh, 28 and 34 years time,
respectively. On the other hand, if the region plém reach the indicated dependency
ratio in 50 years time, this may generate an awenagome per capita growth that was
observed in the region during the 1960s, keepihgrahings unchanged; the region may
reach the current income per capita level of Highome groups, Latin America &
Caribbean and World in about 150, 70 and 85 years, trespectively, in stead of the

catching-up years indicated in the introductiort.par
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Moreover, the econometric results indicate that rtiegginal effect of the dependency
ratio is more than double that of the world witiparameter estimate of -2.5075 instead
of 1.18. This could be due to the structure ofdapendency ratio, i.e., an increase in the
dependency ratio could be possible either by irsinganumber of dependents as a result
of high the fertility rate, high elderly immigratiaate, and an improvement of the health
status of elderly people; or by the fall in theestf the labor force due possibly to the
emigration of the labor force, high mortality ratelabor force, and high child mortality
rate, or both at a time. Some authors (e.g. BlonchWilliamson, 1998) have found out
that the youth dependency has more negative affeeconomic growth than the elderly
dependency rate and its African dependency ratidominated by youth dependents.
Similarly writers like Chesnais (1992) and Cohef93) have documented the fact that
the fertility rate in Africa is somewhat differefnbm the other regions of the world, even
after controlling for infant mortality differencé&acome and education, and urbanization
the continent shows higher fertility rate. Besidles case of youth dependency, SSA’s
dependency ratio dynamics is characterized by laigbr force emigration and high labor
force mortality due to the recurrent civil wars @ahd HIV/AIDS pandemic. It is expected
that This aspect of the dependency ratio dynamassrhore adverse effect on the GDP
per capita growth than the former one due to itsalinegative effect on productivity. In
either of the cases, the analytic results sugdest the growth deterring effect of

dependency ratio is more serious in SSA than iergtlrts of the world.

V1. Summary and Conclusion

The study has investigated the role that dependetimycan play in economic growth in
Sub-Sahara Africa based on the Solow theoreticalhtr model. The main data source
for the study is the World Bank (2002) data setecimg the 1960-2000 periods.

The result obtained from statistical analysis ofamelifference suggest that the region
was forced to face its stable equilibrium at lovesel of income than the other regions of
the world due to its higher level of dependenciprdtioreover, the results obtained from

Two-way random-effect regression model suggest dnaincrease in dependency ratio
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has a strong adverse effect on the GDP per camiatly with a marginal effect that is
almost double of the marginal effect seen in tis¢ o world. This implies that the lower
stable equilibrium, as indicated in the above asig)yis reached at a very slow pace due

to the rising dependency ratio prevailing in thgioa.

In general, the results suggest that the econoromwth puzzle of SSA (low income per
capita level and stagnant economic growth) couldl vee explained based the
demographic factors, particularly dependency rador analytic result suggests that the
region is trapped in low income stable equilibriwshne to its significantly high
dependency ratio. Moreover, the results suggestttigaper capita income growth is
adversely affected by the rising dependency ratithe region. Furthermore, we can
conclude that any effort to change the current dissnonomic status of SSA that ignores
the possible mechanisms for reducing the dependettioyof the region may serve little

for steering the region along its long-run growstip
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