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Abstract---Upon the collapsed of African economy and lost decades of 

development opportunities, crude death and crude birth rates were 

prominent among identified as determining components capable of 

worsen the developing economies as evidence in sub-Saharan Africa 
(SSA) region. On this premises, this paper examined the relationship 

among crude death rate, crude birth rate and economic development 

in SSA countries using regional pooled annual time series data 

spanning between 1970 and 2019. The data were sourced from World 

Bank, World Development Indicator (2019) edition of SSA database. 

The underpinning theory for the study is demographic transition 
theory. The study employed Auto-regressive Distributed Lag (ARDL) 

approach and VAR Granger causality model as estimation techniques. 

Findings from the study showed that there is existence of long-run 

relationship among the variables in the model. Result of the study 

revealed that domestic general government health expenditure 

(DGGHE) having insignificant level and fertility rate (FERR) 
significantly exerts positive influence while infant mortality rate 

(INMR) exhibits negative impact on the performance of gross domestic 

product per capita (GDPPC) in SSA. Further, crude birth rate (CBR) 

and crude death rate (CDR) also showed indirect relationship contrary 

to theoretical expectations in the mode. Besides, VAR Granger 
causality result indicates that bi-directional causal relationship exists 

between GDPPC and CBR, INMR and FERR in the region. While a uni-

directional relationship running from GDPPC to other variables 

without a feedback and statistically insignificant. Given the above, it 

is therefore recommends that government and policymakers should 

devise another measure while making health and economic policies to 
further improve gross domestic product per capita for better 

enhancement of crude birth rate and possible reduction of crude 
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death rate through increase in domestic general government health 

expenditure so as to achieve more economic development in SSA 

region. 

 
Keywords---ARDL, crude death, birth rates, economic development, 

VAR granger causality. 

 

 

Introduction   

    
Upon the collapsed of African economy and lost decades of development 

opportunities, crude death and crude birth rates were identified as determining 

components capable of worsen the developing economies as evidence in sub-

Saharan Africa (SSA) region (UN, 2019). There is no doubt that increased in life 

span of an individual or birth rate in a country possess a benefit to both person 
immensely and economic development but however, recent study shown the most 

significant component of mortality decline through reduction in infant and child 

deaths which can enhance economic decisions in developing countries (Kalemli, 

2000).     

 

Declining child and youth mortality occasioned by crude death and as well crude 
birth provides important incentives to improve economic development through 

qualitative of child educational attainment and increased in life expectancy at 

birth which has doubled in many of developed nations and African countries but 

the reverse is the case in sub-Saharan region. That is, rising of crude death (child 

mortality) in the region leads to ebb of economic growth due to poor nutrition and 
healthcare attentions for the children (Li & Zhang, 2007). Thus, adequate public 

health measures and among others from the government of this region can reduce 

crude death rate. Therefore, understanding the role played by crude death and 

crude birth rates are crucial in terms of past, present and future of growth of the 

economy of any country. This is because high crude birth rate is associated with 

high income per capita in the country (Cervellatti & Sunde, 2009). Available 
theory indicates that increasing life expectancy at birth through crude birth rate 

may have both positive and negative effects on the development of an economy. 

On one hand, reduction of crude death may increase income per capita thereby 

increasing the productivity of available resources which in turn improve economic 

development through human capital mechanism. On the other side, lower crude 
death (mortality) may lead to an increase in population size as evidence in most of 

African regions today (Acemoglu & Johnson, 2007).  
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Figure 1: Trend of Demographic Transition Components 

Source: Author’s View 

 
Figure 1 above shown the trending patterns occasioned by demographic 

transition components among fertility rate, crude birth rate, crude death rate and 

gross domestic product per capita. The figure indicates that the level of fertility 

(8%); crude birth rate (50%) and death rate (20%) move along the same time with 

each other but having different proportions. As the crude birth and fertility rates 

decline preceding the crude death rate but however, gross domestic product per 
capita proxied economic development fairly and really pronounced except at the 

inception of 1970 and resurface between 2000 and 2012. This implies the worsen 

of an economy in sub-Saharan African region as a result of trending and 

fluctuating of higher crude death which further aided uncontrolled fertility level 

that determine growth rate of population according to demographers’ view 
(Kalemli, 2000). Further, taken 1996 as a base year, the fig. 1 indicates the 

downward trending. The downward trend shown is connected to the failure of 

region’s government and their health sectors to effect adequate health measures 

for the people. In the same vein, declining crude death along side with unchanged 

birth rate caused population growth to raise due to poor nutrition and inadequate 

public health measures. However, government should take a more proactive 
measure when the needs arise.   

 

Further, recent studies (e.g. Li and Zhang, 2007; O’Hare et al., 2012) adjudged 

that children from African countries most especially in sub-Saharan Africa grossly 

died from childhood ailments, infirmities, and among others despite holistic 

solutions and modern technology identified to combat these diseases causing 
crude death in the region (Ude & Ekesiobi, 2014). Adduced reasons for this are 

not farfetched from poor health service delivery system in SSA due to mishandling 

and mismanagement of public health fund allocated to health sector (WHO, 

2009).  

 
O’Hare, Bar-Zeev and Chiwaula (2012) gesticulates that crude death (child 

mortality) decreases while crude birth (natality) shown a significant improvement 

and as well healthy life expectancy at birth which brought out increase in growth 

rate of population prior to after independence in most of African countries as 
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evidence sub-Saharan region. Therefore, growth and gains are witnessed in their 

economies as evidence from slowed drastically in crude death and higher natality 

between 1980s and 1990s (O’Hare et al., 2012). This further implies that the 

average child mortality in sub-Saharan Africa countries reached a noble level of 

attainment during the claimed 1980s and early 1990s and thus; only started to 
show contrary (increase and decrease respectively) again after 1995. This 

coincides with stagnant/sluggish average incomes that further led to ebb of 

economic development in SSA countries during this time period. Perhaps, many 

scholars have concurred and established that as the level of income increases, 

crude death and crude birth significantly decrease and increase simultaneously 
during investigating the effect of country’s income level on both average crude 

death and natality.  

 

Extant literature on the relationship among crude death rate, crude birth rate 

and economic development are less pronounced in African countries (sub-

Saharan Africa region inclusive). However, some related studies (e.g. O’Hare, Bar-
Zeev & Chiwaula (2012); Li and Zhang, 2007; Kalemli-Ozcan, 2000; Ermisch, 

1987; Yifang, 2013; and Adjuik, Smith, & Clark, 2006) on the theme are 

conducted on either an association between income, economic growth and child 

mortality/health or the impact of birth rate on economic growth. Most of these 

studies did not addressed the reasons why some of the African economies 
collapsed and the lost decades of development opportunities brought about by 

demographic transition components such as crude death rate, crude birth rate, 

fertility rate, and amongst others, capable of worsen the African economies as 

evidence in sub-Saharan Africa countries.   

 

Alluding to the foregoing scenarios, this study is out to investigate the 
interrelationship among crude death rate, crude birth rate and economic 

development in SSA countries using regional pooled annual time series data 

spanning between 1970 and 2019 while demographic transition theory was 

employed that shed lighter to historical shift from high birth and infant death 

rates given birth by women in the societies to low birth and death rates as a 
result of better education, technological advancement infrastructure and 

economic development. The study employed Auto-regressive Distributed Lag 

(ARDL) approach and VAR Granger causality model as estimation techniques to 

achieve the objectives of the study, in contrast to other related studies (e.g. Li & 

Zhang, 2007; Yifang, 2013; Guest, 1974; Adjuik, Smith, & Clark, 2006; and 

Kutty, Thankappan, Kannan & Aravindan, 1993) that employed estimation 
techniques such as panel data, multiple Markov Chain Monte Carlo (MCMC) 

simulation, regression analysis, survey analysis and as well Verbal Autopsy (VA) 

surveillance analysis.  

 

The study provides health sector authorities with a better understanding of 
interrelationship among crude death rate, crude birth rate and economic 

development to further aids better policy decision that can be used to typify 

African countries economy generally and how these demographic transition 

components plays major roles in influencing the changing of economy in SSA 

countries. The rest of the paper is structured as follows; section two focuses on 

theoretical framework and empirical evidences. Section three covers methodology 
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while section four deals with analysis and results of the study. Section five 

presents the concluding remarks and policy recommendations.  

 
Literature Review 

 

Theoretical Framework  

 

This study used demographic transition theory developed by American 

demographer-Warren Thompson in 1929 coupled with a great depression 
(Warren, 2003). The use of the theory became imperative to assess the 

relationship among crude birth rate, crude death rate and economic development 

in a particular population of a country/region. Further, the theory analyzed the 

historical shift from both high birth and infant death rates given birth by women 

in the societies to low birth and death rates, as a result of better education, 

technological advancement infrastructure and economic development in virtually 
many developed and developing countries. However, the demographic transition 

theory in some countries may be imprecise due to social, political and economic 

factors affecting specific population, most especially in less-developed country. 

This demographic transition theory as reviewed by this present study would 

however, provide a conceptual framework for sub-Saharan Africa (SSA) region has 
been projected for United Nation (UN) demographic components for possible 

justification for family planning programs which in turn yielded massive 

agricultural populations of any country. However, as the theory developed, the 

relationship between development and demographic transition was inverted. 

Thus, further argument submitted that rapid growth constituted an 

insurmountable obstacle to industrialization or any kind of modernization. By 
implications, the rate of fertility had to be reduced in poor countries or regions by 

any means possible to permit their economic advancement. Because, too much 

population occasioned by high birth rate in any country/region may worsen their 

economic growth. Again, from the literature reviewed perspectives, between 1928 

and 1931, Robert Kuckzinsky simultaneously analyzed the historical evolution of 
mortality and fertility in Europe and later come out to introduce the term 

"transition" in reference to Eastern Europe. To finally actualize the demographer’s 

mission, Frank Notestein and Kingsley Davis from 1944 to 1945 presented the 

demographic transition’s theory in a formalized form which later became and 

universally accepted findings in social science till today (Woods, 2000). Above all, 

the demographic transition theory as put forth by Thompson in 1929 and other 
demographer’s can be summed into five stages as given thus:  

 

-Pre-industrial society: that is, death and birth rates are high and roughly in 

balance. But, majority of the human populations are believed to have accedes this 

balance level in the 18th century and ended up in Western Europe. Specifically, in 
this stage, growth rates were less than 0.05% at least, since the day of 

Agricultural Revolution over 10,000 years ago (Kohler, Billari & Francesco, 2009). 

However, population growth is typically very slow under this stage, simply 

because the society is constrained by the available food supply; therefore, unless 

the society develops new technologies to increase food production (such as 

discovers new sources of food or achieve higher crop yields) while any fluctuations 
in birth rates are soon matched by death rates. This stage leads to a decline in 

death rates and an increase in population as a result of two major factors; (a) 

https://archive.org/details/encyclopediaofpo0000unse/page/939
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improvements in the food supply brought about by higher yields in agricultural 

practices and better transportation reduce death due to starvation and lack of 

water; and (b) significant improvements in public health leads to reduce in 

mortalities most especially in childhood.  
 

-In stage two of the demographic transition theory, evidence shown that death 

rates drop quickly due to improvement in food supply and sanitation, which 

increase life expectancies and possible reduction of infirmities and ailments. The 

improvement specific to food supply typically include selective breeding and crop 

rotation and farming techniques. Numerous improvements in public health 
reduce mortality, especially childhood mortality. Prior to the mid-20th century, 

these improvements in public health were primarily in the areas of food handling, 

water supply, sewage, and personal hygiene. One of the variables often cited is 

the increase in female literacy as a result of public health education programs 

which came into being between the late 19th and early 20th centuries.  
 

-In the third stage, death rates are low and birth rates diminish, as a result of 

various fertility factors (e.g. access to contraception, increases in 

wages, urbanization, a reduction in subsistence agriculture, an increase in status 

and education of women, and among others. The decrease in birth rate fluctuates 

from nation to nation, as does in the time span in which it is experienced. This 
stage moves the population towards stability using a decline in the birth rate. It is 

also important to note that birth rate decline is caused by a transition in values 

rather than availability of contraceptives.  

 

-Stage four comprises both low birth and death rates. Birth rate may drop to well 
below replacement level like other countries such as Japan and Italy which 

further result to a shrinking population that caused threat to many industries 

looking for population growth to excel. Just like the large group were born during 

stage two ages, it creates an economic burden on the shrinking working 

population. Death rate may remain consistently low or increase slightly due to 

increase in lifestyle infirmities due to low exercise levels and high obesity rates 
and an aging population in developed countries. By the late 20th century, birth 

and death rates in developed countries leveled off at lower rates 

 

-The final stage happens to focus on both more-fertile and less-fertile a future 

which is stage five of demographic transition theory. That is, an increase in 
fertility and below-replacement fertility levels occur. Some countries (e.g. China, 

Brazil and Thailand) have sub-replacement fertility (e.g. below 2.0–2.1 children 

per woman). Replacement fertility seems to be marginally higher than 2 (the level 

which replaces the two parents, for equilibrium to be achieved). This is because 

boys are born more often than girls (about 1.05–1.1 to 1), and to compensate for 

deaths prior to full reproduction. Many European and East Asian countries now 
have higher death rates than birth rates. Population aging and population 

decline may eventually occur, assuming that the fertility rate does not change and 

sustained mass immigration does not occur. 

 

 
 

 

https://en.wikipedia.org/wiki/Urbanization
https://en.wikipedia.org/wiki/Subsistence_agriculture
https://en.wikipedia.org/wiki/Population_decline
https://en.wikipedia.org/wiki/Obesity
https://en.wikipedia.org/wiki/Developed_countries
https://en.wikipedia.org/wiki/Population_aging
https://en.wikipedia.org/wiki/Population_decline
https://en.wikipedia.org/wiki/Population_decline
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Empirical Evidences 

 

Extant literature on the relationship among crude death rate, crude birth rate 
and economic development are less pronounced in African countries most 

especially in sub-Saharan Africa region. However, some related studies on the 

theme are conducted on either an association between income, economic growth 

and child mortality/health or the impact of birth rate on economic growth. Thus, 

some of these studies (e.g. O’Hare, Bar-Zeev & Chiwaula (2012); Li and Zhang, 

2007; Kalemli-Ozcan, 2000; Ermisch, 1987; Yifang, 2013; and Adjuik, Smith, & 
Clark, 2006) are hereby presented to guide and provide the underpinning 

foundation for study model. They are: 

 

O’Hare et al., (2012) analyzed whether there is an association between income, 

economic growth and child mortality in Sub Saharan Africa?. Result showed that 

majority of the intervened variables used such as maternal education and health 
care exhibits significant association between average child mortality rate and the 

country’s level income in the region.   

 

Li and Zhang (2007) examined the impact of birth rate on economic growth using 

a panel data set of 28 provinces in China for over 20 years. The study used 
Malthus’s theory and also the proportion of minority in a province. Result showed 

that birth rate exhibits a negative influence on economic growth. The study 

recommends that China's birth control policy is indispensable to further enhance 

growth of the economy.  

 

Kalemli (2000) investigated the effects of declining mortality on economic growth. 
The study used general equilibrium model as a result of exogenous decline in 

infant and child mortality. A Malthusian model steady state was also used and as 

well calibrated using historical and contemporary data on income and on survival 

probabilities from 26 countries. Findings indicates that the developed economy 

steady state showed higher levels of income per capita, human capital investment 
and a lower level of fertility as against Malthusian steady state. Further, the 

model was consistent with the stylized facts of the development process. 

 

Ermisch (1987) analysed the economic influence on birth rate in Britain. The 

study used a group of equilibrium relationship between level of conditional birth 

rates and economic variables like ratio of women's hourly wage after taxes. Result 
indicates that decrease in birth was as a result of higher women's wages that led 

to reduction in the chance of another birth, as compare to men's net wages, thus, 

resulted to more children for couples at a young age in Britain.   

 

Yifang (2013) analysed the child mortality in a developing country as evidence in 
Nigeria. The study used survey data of Nigeria demographic and health survey 

between 2003 and 2008. Estimation techniques of multiple Markov Chain Monte 

Carlo (MCMC) simulation from Bayesian prediction distribution for normal data 

and stratified sampling are used for the study. Findings indicates that if the age 

of mothers having kids for the first time is less than 20 years of age, this will 

greatly increase the probability of child’s death. In addition, the production of 
child at higher age by mothers will relatively reduce child mortality in the country. 

The study recommends programme of action of the Cairo international conference 
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on population and development to further reduce child mortality through 

strengthening primary health care system such as provision of prenatal and 

neonatal care, promoting baby breastfeed amongst others.   

 
Guest (1974) assessed the relationship of crude birth rate and its components to 

social and economic development across countries of the World using regression 

analysis to decompose the crude birth rate in six analytical components 

indicating illegitimacy, the marriage rate, legitimate fertility, as well as sex and 

age composition. Model was deduced for the study that indicates how economic 

development affects crude birth rate through its basic demographic components. 
Results showed that all the components except sex structure are important in 

determining differences in crude birth rates across countries of the World.  

 

Kutty, Thankappan, Kannan and Aravindan (1993) analyzed socioeconomic 

status, birth and death rates in Rural Kerala, India: a health survey analysis. 
Data relating to birth and death were collected throughout the State of Kerala 

using the sample size of 9940 household (57665 persons) with respect to other 

variables such as region, religion and socioeconomic status. Results showed that 

socioeconomic status exhibits a definite influence on birth and death rates, thus 

resulting in lower birth and death rates due to higher socioeconomic status. 

Results further showed higher risk of mortality and birth rates among the poorer 
households could be as a result of material deprivation and poor educational 

attainments.  

 

Adjuik, Smith, and Clark (2006) analysed the specific causes of mortality rates in 

sub-Saharan Africa and Bangladesh using Verbal Autopsy (VA) from 12 
demographic surveillance sites during the period between 1999 and 2002. 

Findings from the study showed that causes of death in African sites strongly 

differ from those in Bangladesh. The study concludes that different patterns of 

mortality identified may be as a result of recent changes occasioned by availability 

and effectiveness of health interventions against childhood cluster diseases.   

 
However, this study is limited in scope as it only focused on sub-Saharan Africa 

region but neglected other African regions such as; the Sahel, the Ethiopian 

Highlands, the Savannah, the Swahili Coast, the rain forest, the African Great 

Lakes and Southern Africa as a result of inability to have access to these regions 

database during the study period.  
 

Methodology 

 

Data Sources and Variables 

 

The study relied on sub-Saharan Africa (SSA) regional pooled annual time series 
data spanning between 1970 and 2019. The data were sourced from World Bank, 

World Development Indicator (2019) edition of SSA database. 
 

Model Specification  

 

This study hinges on the work of Kutty et al.,(1993) and Guest (1974) on the basis 
of Warren’s demographer ideology of 1929 for the assessment of relationship 
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among crude birth rate, crude death rate and economic development in a 

particular population. Based on the foregoing extant literature, the study 

therefore, adopted the models of Kutty et al.,(1993) and Guest (1974) as also 

reported by Warren (2003) with a little modification of intervening variables.  
However, the original model of Kutty et al., (1993) is presented thus: 

 

)(, omicStatusSocialeconfDeathRateBirthRate =   

)1.3...(

)1.3...(

26543212

16543211

bASPORELGLOWHOUSEDUINLDR

aASPORELGLOWHOUSEDUINLBR

ttttttot

ttttttot





+++++++=

+++++++=

 

Where; BRt1& DRt2 = Birth and Death rates, INL= income level, EDU = education, 

HOUS = housing, LOW = land ownership, RELG = religion and, ASPO = age 

structure of the population 

However, the model was implicitly modified as presented in (3.2) and (3.3): 
 

);;(.. gVariablesInterveninRateCrudeBirthRateCrudeDeathfDevEcon =      (3.2) 

 

);;(

)();();.(.

FERRINMRDGGHEgVariablesIntervenin

CBRRateCrudeBirthCDRRateCrudeDeathGDDPCDevEcon

 

),,,,( FERRINMRDGGHECBRCDRfGDDPC =                                           (3.3)                   

 

Based on equation (3.3), the operational form of the study model can be expressed 

as: 

 

ttttttt FERRINMRDGGHECBRCDRGDPPC  ++++++= 543210        (3.4) 

 

Where; GDPPCt means Gross domestic product per capita in the country at time t; 
CDR = Crude death rate; CBR = Crude birth rate. DGGHE = Domestic general 

government health expenditure; INMR = Infant mortality rate; FERR = Fertility 

rate 

 

However, there is need to take the natural log of equation (3.4) owing to the fact 
that all the variables are already in the same rate or percentage including the 

dependent variable collected from Sub-Saharan Africa pooled database, 2020. 

After the log of (3.4), the model becomes; 

 

ttttttt FERRINMRLDGGHECBRCDRLGDPPC  ++++++= 543210           

(3.5) 

a-priori, it is expected that: 0;0;0.....;0 54321    

 

Where: t = 1…n; 1 ……….. 5 are vectors coefficient of independent variables 

influencing crude death and crude birth rates towards enhancement of economic 

development in SSA, and 0 represents constant intercept, while t  is the 
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stochastic error term which is assumed to be normally distributed with zero mean 

and constant variance.   

 

Estimation Techniques  
 

Unit Root and Co-integration Tests  

 

The use of unit root and cointegration tests became imperative in a bid to 

circumvent any inherent limitations from traditional modelling used in empirical 

analysis (Amin & Audu, 2007). Premised on this, the study employs Augmented 
Dickey- Fuller (ADF) model to test the stationary property of the data set 

employed. Here are the tests model equations: 

 

tt

m

ti

itt +++= −

=

−  1110                                  (3.6) 

tt

m

ti

itt t ++++= −

=

−  11110                                                        (3.7) 

 

Where: time series variable is represented by t  and t  as time and residual 

respectively. If a series is stationary without any differencing it is designated as I 

(0), or integrated of order zero (0). On the other hand, a series that has stationary 

first difference is also designated I(1), or integrated of order one. Further, the 

ARDL bound test approach to co-integration test was employed to ascertain 

whether there exist long run relationships among the variables. It offers several 

desirable statistical features that overcome the limitations of other co-integration 
techniques (Pesaran et al., 2001).  

 

Auto-Regressive Distributed Lag (ARDL) Testing Procedure 

 

To empirically investigate the dynamic relationship among crude death rate, 

crude birth rate and economic development for this study, we employed the 
Autoregressive Distributed Lag (ARDL) co-integration method introduced by 

Pesaran, Shin and Smith (1996, 1999 & 2001). Empirical studies further reveals 

that the use of ARDL bounds test approach to co-integration has been applied for 

the estimation of F-statistic that determines whether a long run relationship 

exists among the data series (Pesaran et al., 2001), as also apply to this study. 

The condition for the existence of co-integration is that the ARDL bounds test F-
statistic value must be greater than the upper critical bound value at 5% 

significance level. If the calculated F-statistics is less than the lower bound, then 

there is no co-integration among the variables but if the calculated F-statistic 

remains between the lower and upper critical bounds then the decision is 

inconclusive. Further, the coefficient of the co-integration equation CointEq(-1) of 
the short-run result conventionally known as the error correction term (ECT) 

which is expected to be positive and significant measures the speed of adjustment 

of the model back to long run equilibrium after disequilibrium which occurs in 

response to shocks (Ahmad, 2011). Hence, greater the coefficient of the ECT, the 

higher the speed of adjustment of the model from short run to long run and vice-

versa.  
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Lastly, the study conducted post estimation analysis which includes Breusch-

Godfrey serial correlation LM test, Breusch-Pagan-Godfrey heteroskedasticity test, 

Jarque-Bera histogram normality test, and as well the cusum and cusum of 
squares tests of stability.  

 

In line with Pesaran et al., (2001) and Bahmani and Nasir (2004) modeling 

approach, the ARDL dynamic (ECM-ARDL) model for the study is given as: 
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Where: ∆ = First differencing operator, L= natural logarithm, t = time, t-1 = lag 

one (previous year), 0 = constant and t = error term. The term summation signs 

(Σ) represent the short run dynamics with assumed mixed orders of integration of 

variables. However, the second part of the equation represents the long run 

dynamics, where the integration property is assumed to be I(1); 0 to 6 ; and also 

1 to 6  are the coefficients to respective variables estimated.  

Specifically, the long run ARDL model for this study is:  

 

)8.3...(..............................

GDPPC

161514

141312110t
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After ascertaining the long run relationship, we used the following equation to 

estimate the short run coefficients: 
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Where: jtEC − is the error correction term, indicating the speed of adjustment 

reverse to long run in the model. EC is the residual generated from estimated 

ARDL co-integration model. 

 
VAR Granger Causality Procedure 

 

In a bid to keep the variable constant, we used the Granger causality test in this 

study to examine the short run causality relationship among these variables 



         10254 

(Granger, 1969). Further, Granger causality test will determine if the historical 

value of one variable can forecast or predicts the relationship among other 

variables. For example, if variable CDR Granger cause another variable such as 

GDPPC, then the past value of CDR should contain information that are useful in 
predicting GDPPC, over and above the information contain in the past value of 

GDPPC alone. The mathematics approach to test for VAR Granger causality 

relationship among the variables is shown in (3.9):   

 

 

Where 1 … 6  are vectors of constant; t1 …. t6  are the vectors of error terms of 

VAR model while i11 ….. 66  are coefficients of VAR Granger causality for the 

model. Also, i = 1,…, k 

     
Analysis and Discussion of Results   

 

The unit root test results are presented in table 4.1. Thus, Augmented Dickey-

Fuller (ADF) test was used in the study to ascertain the stationarity of the 

variables at different levels. The test result showed that variables of interest were 
integrated of different orders, I(0) and I(1).  

 

Table 4.1: Unit Root Test 

 

Variables ADF Test  

Ho: Variables is not stationary 

Order of 

Integration 

Prob. 

GDPPC -4.562858 I(0) 0.0000* 

CDR -5.000919 I(0) 0.0009* 

CBR -2.172771 I(1) 0.0300** 

DGGHE -3.301688 I(0) 0.0294** 

INMR -3.266292 I(0) 0.0269** 

FERR -3.408356 I(1) 0.0155* 

Asymptotic Critical Values 

1% -2.613010  

5% -1.947665  

10% -1.612573  

*,(**), *** implies significant @ 1%, 5% and 10% levels  
respectively, ∆ represents first difference 

Source: Extracted from Regression Output  

 

From the unit root test result on Table 4.1, it showed that all the variables of 

interest were integrated of different orders I(0) / and I(1). However, GDPPC, CDR, 
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DGGHE and INMR were stationary at level while other variables including CBR 

and FERR became stationary at first difference. On this note, none of these 

variables are stationary at I(2). Therefore, Auto-regressive Distributed Lag (ARDL) 
approach is imperative for the study to confirm the long run relationship among 

the variables of interest (Pesaran, Shin & Smith, 2001).  

 

Table 4.2: Lag Length Selection Test 

 

Before the analysis of ARDL procedure, we carried out a conventional lag order 
selection process. By iteratively reducing the cited maximum lag length to where 

there seems to be no improvement in the choice of lag length selection, the result 

in Table 4.2 was generated.   

 

Table 4.2: Lag Length Selection Criteria 
 

Lag LogL FPE AIC SC HQ 

0 -34.2428 NA   2.79e-06  4.2361  4.5343 

1  241.0751   347.7701*   3.97e-17*  -20.955*  -18.867* 

 * indicates lag order selected by the criterion(each test at 5% level) 

FPE: Final prediction error;  

AIC: Akaike information criterion 

SC: Schwarz information criterion 

HQ: Hannan-Quinn information criterion 

Source: Extracted from Regression Output 

 

The result from table 4.2 showed that all the lags length selection criteria 

suggests maximum of two-lag for the ARDL model. That is, the majority of the 

criterion stood at  lag 1, so that the errors in the equation can be serially 

independent and as well to avoid multicolliarity in the model before carrying out 
ARDL Wald bounds test as shown in table 4.3.  

 

 

Wald Test 

 
Decision Rules: The decision rule for accepting or rejecting the null hypothesis of 

the calculated F-statistic value is based on the tabulated critical lower and upper 

bounds values specified by Narayan (2005). Thus, the table is presented below:  

 

Table 4.3: ARDL Wald Bounds Test 

Null Hypothesis: No Long-run Relationship Exist 
 

Test Statistic Value          K 

F-statistic  4.097858 5 

Critical Value Bounds (@) 

Significance I(0) Bound I(1) Bound 

10% 2.26 3.35*** 

5% 2.62 3.79** 
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2.5% 2.96 4.18 

1% 3.41 4.68* 

Source: Extracted from Regression Output 

Note:  (i) k is the number of regressors in the ARDL model.  (ii) *, **, *** indicates 

significance at 1%, 5% and 10% levels respectively, based on Pesaran (2001). 

 

Table 4.3 indicates that the calculated Wald test (F-statistic) of 4.0978 is higher 
than the upper bound critical value of 3.79 at 5% significance level. We therefore, 

conclude that there is an evidence of long-run relationships among variables in 

the model. Hence, the null hypothesis of no co-integration is therefore rejected at 

5% level of significance.  

 
Table 4.4: Long Run Coefficients from ARDL Estimates 

 

Dependent Variable: D(GDPPC) 

Regressor Coefficient t-Value Prob. 

C 135.796734 1.843713 0.0950*** 

CDR 17.914053 2.483468 0.0324** 

CBR -37.881811 -2.132145 0.0588*** 

DGGHE 0.128700 0.051748 0.9597 

INMR -3.513632 -2.482422 0.0324** 

FERR 25.7823903 2.167492 0.0554*** 

Notes: *, (**),*** indicates statistically significant level at 1%, 5% and 10% 

Source: Extracted from Regression Output  

 

Result from long run estimates in table 4.4 indicates that coefficients of DGGHE, 
INMR and FERR conform to theoretical hypothesized signs of the model. While the 

coefficients of other variables such as CDR and CBR bears a contrary 

hypothesized signs to a-priori expectations. From the result, it can be observed 

that domestic general government health expenditure (DGGHE) having 

insignificant level and fertility rate (FERR) significantly exerts positive impact on 

the performance of gross domestic product per capita (GDPPC) in sub-Saharan 
Africa countries. To be factual, a unit increase in the GDPPC will increase 

DGGHE and FERR by 0.13 and 25.78 respectively. The pronounced variables in 

the model which is crude birth rate (CBR) and crude death rate (CDR) exhibited 

indirect values of t-ratio but statistically significant at their levels. This implies 

that a unit increase in CBR will reduce GDPPC by -37.88. This can be accounted 
for as a result of family planning by instituted various governments of this region 

while a unit increase in CDR will increase GDPPC by 17.91. CDR leads to 

population reduction in the region which in turn reduces the financial burden of 

the government and afterwards improves the growth of the economy of the region. 

This result was not in conformity with the work of Guest (1974) that shown that 

economic development affects crude birth rate through its basic demographic 
components. The infant mortality rate (INMR) indicates a negative and statistically 

significant impact on the GDPPC. This implies that a unit increase in INMR will 

lead to reduction in GDPPC by -3.15. This further showed that the higher the 

level of infant mortality, the worsen the development economy in the region 

contrary to the work of Yifang (2013) 
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Table 4.5: Error Correction Representation for Estimated ARDL Model 

 

Dependent Variable: D(GDPPC) 

Regressor Coefficient t-Value P-Value 

C 135.796734 1.843713 0.0950*** 

D(CDR) 25.020578 2.050273 0.0675*** 

D(CBR) -52.909567 -1.840086 0.0956*** 

D(DGGHE) -3.265597 -1.418029 0.1866 

D(INMR) -4.907493 -2.034909 0.0692*** 

D(FERR) 8.216088 0.808141 0.4378 

ECM(-1) -1.396701 -4.695556 0.0008* 

R-squared = 0.85 
Adj. R-squared = 0.73 

Durbin-Watson stat. = 2.5559 

Prob. (F-statistic) = 0.003057 

ARDL(1,0,0,1,0,1) selected on the basis of AIC 

Note: *, **, *** indicates significance at 1%, 5% and 10% levels, respectively. 

Source: Author’s Computation 

 
The coefficient of most important in table 4.7 is the ECM(-1) which is well 

behaved as its coefficient is negative and statistically significant at 1% level, 

though it exceeds 1. The value (ECM -1.39%) indicates that the speed in respect 

of GDPPC adjusts the regressors is about 139% in the short run. This implies 

that errors are being corrected within the same period to ensure convergence to 
restore long run equilibrium in the current year. Other results are quite insightful 

and also in concordance with long run result of CDR and CBR that possesses an 

indirect/contrary hypothesized signs and statistically significant at 10% level. 

These results imply that crude death and crude birth rates were among of the 

major factors influencing GDPPC proxied by economic development in SSA. 

Adduced reasons for these indirect results pointed to the family planning, birth 
control, occurrence of natural decrease occasioned by death rate greater than 

birth rate, and other health measures instituted by various governments of the 

region. This was in agreement with the empirical study of O’Hare et al., (2012). 

Further, the result of negative CBR and population growth reduction brought 

about by CDR (positively and statistically significant) signifies possible reduction 

in (DGGHE) financial burden of the government to further improve the growth 
and development of the economy of SSA region. However, this result contradict 

the work of Ermisch (1987) who submitted that higher women's wages leads to 

reduction in birth rate compared to men's net wages. More importantly, fertility 

rate (FERR) in the result exerts insignificant positive impact on economic 

development in the region. This in effect means that FERR plays a major role in 
economic development in SSA. The R-squared value of 0.85 showed that about 

85% variations in GDPPC are jointly explained by set of explanatory variables in 

the model. The probability F-statistic value of 0.003057 showed that the overall 

model is significant in explaining economic development in SSA. The Dubin-

Watson statistic value of 2.55 that fall within acceptance region. This implies that 

the model is free of serial autocorrelation problem in the model.  
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Post Estimation Analysis 

 

This study examined various diagnostic tests to ascertain the reliability and 

robustness of the estimated model. The results are presented in table 4.6, Figures 
4.1 and 4.2. 

 

Table 4.6: Diagnostic Tests of the ARDL model 

 

 MODEL 

                    Diagnostic Test F-

statistic 

P-Value 

B-G Serial Correlation LM Test 4.200869 0.0566 

Heteroskedasticity Test: ARCH  0.073175 0.7902 

Heteroskedasticity Test: Harvey  2.492584 0.0886 

Heteroskedasticity Test: B-P-G                 0.448930 0.8655 

Ramsey-RESET Test 0.336680 0.5760 

Source: Author’s Regression Output 
 

Table 4.6 of ARDL diagnostic tests showed that, the model’s residuals are serially 

uncorrelated and has a correct functional form, normally distributed, 

homoskedastic and as well, the linear model is appropriate and statistically 

significant. This purports that the null hypothesis of model misspecification can 
be rejected as shown thus; Breusch-Godfrey serial correlation LM test 

(0.0566>5% to accept null hypothesis), Heteroskedasticity Harvey (0.0886 > 5% 

level), Ramesy-RESET test (p-value of 0.5760 > critical value of 0.05) and ARCH 

LM test (0.7902 > 5%) respectively. It can therefore be deduced that the model 

has a satisfactory econometric properties, valid for reliable interpretation and can 

also be used for policy making without re-specification.      
 

Fig. 4.1/Table 4.7.: Normality Test 

0
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5

-1.5 -1.0 -0.5 0.0 0.5 1.0

Series: Residuals
Sample 2001 2019
Observations 19

Mean       1.90e-13
Median   0.003281
Maximum  0.898253
Minimum -1.671089
Std. Dev.   0.620254
Skewness  -0.879066
Kurtosis   4.086526

Jarque-Bera  3.381659
Probability  0.184367

 
Source: Author’s Regression Output 

 

The Jarque-Bera test result of normality statistic value stood at 3.38165 with p-

value of 0.18438 indicates that the null hypothesis of not normally distributed 

error term can be rejected for the model. Because, Jarque-Bera statistic of 
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338.16% confidence level > 0.05. We there by accepts the null hypothesis of 

normal distribution for the model.  This implies that Jarque-Bera test result of 

normality statistic 
 

Fig.4.2: Plots of CUSUM Residual and CUSUMsq Tests 
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Source: Author’s Regression Output 
 

Figure 4.2 showed that neither CUSUM nor CUSUMsq tests provided any 

evidence of instability in the estimates at 5% significance level for conventional 

specification nor the results of which do not reject the null hypothesis of stability. 

This implies that all the coefficients in the short run model are stable and as well 
did not deviate from equilibrium in most of the periods. We therefore, conclude 

that all the coefficients in the short run model are stable and robust for 

prediction. 
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Table 4.8: VAR Granger Causality / Block Exogeneity Wald Tests 

 

GDPPC 

    Excluded Df  Chi-sq.    Prob. Decision 

GDPPC          CDR 2 2.996349 0.2235 Accept 

GDPPC          CBR 2 7.712406 0.0211** Reject 

GDPPC      DGGHE 2 0.169492 0.9187 Accept 

GDPPC         INMR 2 9.519605 0.0086* Reject 

GDPPC         FERR 2 9.788746 0.0075* Reject 

CDR         GDPPC 2 1.893234 0.3881 Accept 

CBR          GDPPC 2 3.684537 0.1585 Accept 

DGGHE      GDPPC 2 0.618150 0.7341 Accept 

INMR        GDPPC 2 0.160032 0.9231 Accept 

FERR        GDPPC 2 3.533298 0.1709 Accept 

Source: Extracted from regression output  

Notes: * (**) indicates significant level @ 1% and 5% respectively 
 

The short run equation as shown by VAR Granger causality test in table 4.8 

indicates that the result of null hypothesis of gross domestic product per capita 

(GDPPC) do not granger-cause crude birth rate (CBR), infant mortality rate (INMR) 

and fertility rate (FERR) were rejected at their conventional levels. However, the 

null hypothesis of crude death rate (CDR) and domestic general government 
health expenditure (DGGHE) not granger-cause GDPPC were rejected at 5% 

significance level. Further, some of the variables showed non-granger-cause 

GDPPC exhibited having independent relationship. Conclusively, the study 

showed that bi-directional causal relationship exists between GDPPC and CBR; 

GDPPC and INMR as well between GDPPC and FERR in the region. This implies 
that increase in gross domestic product per capita is necessary for enhancing 

crude birth rate and fertility rate just as enhanced crude birth rate and 

prevalence of fertility are needed to improve economic development proxied as 

gross domestic product per capita in sub-Saharan Africa. While a uni-directional 

relationship running from GDPPC to other variables without a feedback and 

statistically insignificant. That is, they exhibited zero predictive content or power 
for GDPPC within the study period.  

 

Policy Implications of the Results 

 

Results from both long and short runs estimates indicates that crude birth rate 
(CBR) and crude death rate (CDR) showed indirect relationship contrary to 

theoretical expectations to economic development in SSA region. This further 

justified the probing of the recent research as the variables in question behave 

towards economic progress of a country/region. To be factual, these results 

implies that policymakers should devise another measure while making health 

and economic policies to improve gross domestic product per capita for better 
enhancement of crude birth rate and also aimed at reducing crude death rate 

through increase in domestic general government health expenditure so as to 

achieve more economic development in SSA region.   
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Further, from the long run estimates, fertility rate exerts insignificant positive 

impact on economic development in the region. This implies that fertility rate 

plays a major role in economic progress of SSA region. Hence, policymakers 
should take the level of fertility from the women to be serious so as to further 

marginally increase the rate of economic development in the sub-Saharan Africa 

region through re-appraising of instituted health policy.  

 

VAR Granger causality result suggests that bi-directional causal relationship 

exists between GDPPC and CBR; GDPPC and INMR as well between GDPPC and 
FERR in the region. This implies that increase in gross domestic product per 

capita is necessary for enhancing crude birth rate and fertility rate just as 

enhanced crude birth rate and prevalence of fertility are needed to improve 

economic development in sub-Saharan Africa. Policymakers should not leave any 

stone unturned by using these variables in question during social and health 
policies formulation for better enhancement and performance of economic 

development in SSA region.  

 

Conclusion and Policy Recommendations  

 

The contributions of social-health outcomes to economic development of any 
economies had been well-established in the development literature. The study 

examined the relationship among crude death rate, crude birth rate and economic 

development in SSA countries using regional pooled annual time series data 

spanning between 1970 and 2019. The study employed Auto-regressive 

Distributed Lag (ARDL) approach and VAR Granger causality model as estimation 
techniques. The study concludes that there is an evidence of long-run 

relationship among the variables in the model from ARDL Wald bounds test 

conducted. The value of ECM stood at -1.65%, which indicates that the speed of 

adjustment GDPPC regressors is about 165% in the short run. This implies that 

errors are being corrected within  the same period to ensure convergence to 

restore long run equilibrium in the current year. Result of long run estimates 
revealed that domestic general government health expenditure (DGGHE) having 

insignificant level and fertility rate (FERR) significantly exerts positive influence 

while infant mortality rate (INMR) exhibits negative impact on the performance of 

gross domestic product per capita (GDPPC) in SSA. Further, crude birth rate 

(CBR) and crude death rate (CDR) also showed indirect relationship contrary to 
theoretical expectations in the mode. The result of ECM further accentuated the 

connection among crude death rate, crude birth rate and economic development 

through the establishment of a stable long run relationship among the variables 

of interest. Besides, the result of VAR granger causality indicates that bi-

directional causal relationship exists between GDPPC and CBR; GDPPC and 

INMR as well between GDPPC and FERR in the region. This implies that increase 
in gross domestic product per capita is necessary for enhancing crude birth rate 

and fertility rate just as enhanced crude birth rate and prevalence of fertility are 

needed to improve economic development in sub-Saharan Africa countries. While 

a uni-directional relationship running from GDPPC to other variables without a 

feedback and statistically insignificant. Given the above, it is therefore 
recommends that government and policymakers should take a proactive measure 

to improve gross domestic product per capita for better enhancement of crude 



         10262 

birth rate but aimed at reducing crude death rate at the instance of DGGHE 

increased in SSA afterwards economic development can be achieved. 

 

References 
 

Adeokun L. and. & Feyisetan, B. J. (2010). Impact of child care and disease 

treatment on infant mortality. In Van de Walle E, Pison, G. and Sala-Diakanda 

M. (eds): Research issues in child health and child care. 

Adjuik, M., Smith, T. and Clark, S. (2006). Cause-specific mortality rates in sub-

Saharan Africa and Bangladesh. Bulletin of World health organisation, 84(3).  
Adolphe, L. (1987). ‘‘Adolphe Landry on the demographic transition revolution’’. 

Population and development review, vol. 13(4), pp731-740.   

Ainsworth, M., Deon F., and Innocent S. (1998). From death to birth: mortality 

decline and reproductive change. Washington, DC: national academy press. 

Amouzou, A. and Hill, K. (2004). Child mortality and socioeconomic status in sub-
Saharan Africa. Etude De La population Africaine.  

Atrash, H.K. (2011). ‘‘Parents’ death and its implications for child survival’’, 

Revista Brasilera de crescimiento desenvolvimento humano, vol. 21,(3) 
pp769‐770 

Avery, M.(1974). The relationship of the crude birth rate and its components to 

social and economic development. Journal of demography, published by 
Springer on behalf of the population association of America. Vol.11(3) pp.457-472 

Ermatov, N., Bobomuratov, T., & Sagdullaeva, M. (2022). Prolonged newborns and 

prolong pregnancy: A modern view on the problem. International Journal of 

Health & Medical Sciences, 5(1), 26-30. 

https://doi.org/10.21744/ijhms.v5n1.1829 

Ermisch, J.F. (1987). Econometric analysis of birth rate dynamics. National 
institute of economic and social research, discussion paper 127. 

Feyisetan, B.J. (2009). Issues in an examination of the relationship between 

maternal education and child mortality, in the work of Damian, K.U. and 

Chukwunonso, S. E. (2014). Proceedings of a workshop held in Accra on 

research issues in child health and child Care. 

Gregson, S., Zaba, B. and Hunter, S. C. (2000). Examined the impact of HIV 
epidemic on fertility in sub-Saharan Africa: causes and consequences.  

Guest, A.M. (1974). The relationship of the crude birth rate and its components to 

social and economic development. Journal of demography research, Vol. 11, 

No. 3  pp. 457-472, Published by: Springer on behalf of the population 

association of America, doi: 10.2307/2060438, 

https://www.jstor.org/stable/2060438.  
Jayanthi, P. and Iyyanki, M. (2019). Crude birth rate and crude mortality rate in 

India: a case of application of regression in healthcare. DOI: 

10.5772/intechopen.90840.  

Kalemli-Ozcan, S. (2000). Do mortality decline promote economic growth? 

University of Houston.  

Kutty, V.R.,Thankappan, K. R., Kannan, K.P., and Aravindan, K.P. (1993). 
Analyzed socioeconomic status, birth and death rates in Rural Kerala, India: a 

health survey analysis. International journal of health services. 
https://doi.org/10.2190/9N4P-F1L2-13HM-CQVW.  

https://www.jstor.org/publisher/springer
https://www.jstor.org/publisher/paa
https://www.jstor.org/publisher/springer
https://www.jstor.org/publisher/paa
https://www.jstor.org/publisher/paa
https://www.jstor.org/stable/2060438
https://doi.org/10.2190/9N4P-F1L2-13HM-CQVW


 

 

10263 

Li, H. and Zhang, J. (2007). Do high birth rates hamper economic growth? review 

of economics and statistics 89(1):110-117, doi: 10.1162/rest.89.1.110, source 

from RePEc 
O’Hare, B. A., Bar-Zeev, N. and Chiwaula, L. (2012). Is there an association 

among income, economic growth and child mortality? in Sub Saharan Africa. 

Malawi medical journal; 24(4): pp87-88.  

Preston, S. H. (1978). The effects of infant and child mortality on fertility, New 

York, NY: Academic Press.  

Ram, Rati and Thedore (1979). Life span, health, savings and productivity. 
Economic development and cultural change. 

Robert,  E. and Michael, L. (2011) Demographic transition in sub-Saharan Africa: 

how big will the economic dividend be? published by: Taylor & Francis, Ltd. on 

behalf of the population investigation committee 

https://www.jstor.org/stable/23056726, Vol. 65, No. 1. pp9-35.  

Robert, W. (2000). The demography of Victorian England and Wales. Cambridge 
University press, pp.18.  

Ronsmans, C., Chowdhury, M. E., Dasgupta, S.K., Ahmed, A. and Koblinsky, M. 

(2010). Effect of parent’s death on child survival in rural Bangladesh’, Lancet, 

vol. 375, pp2024‐2031. 

Sah, R.K. (1991). The effects of child mortality changes on fertility choice and 

parental welfare. Journal of political economy 99, pp582-606.  
Schultz, Paul T. (1969). An economic model of family planning and fertility. 

Journal of political economy 77, pp153-180. 
Schultz, Paul T. (1997).‘‘Demand for children in low income countries’’ in: Mark, 

Rosenzweig and Stark, eds. Handbook of population and family economics, 

volume 1A, Amsterdam, Netherlands, Elsevier science.  
Suryasa, I. W., Rodríguez-Gámez, M., & Koldoris, T. (2022). Post-pandemic health 

and its sustainability: Educational situation. International Journal of Health 
Sciences, 6(1), i-v. https://doi.org/10.53730/ijhs.v6n1.5949 

Taiwo, O. (2006).“Sharing the burden of death: network effects of mortality shocks 

on fertility and child health in family implicit insurance.” mimeo, Brown 

University. 

Ude, D. K. and Ekesiobi C. S. (2014). The effect of per capita health spending on 
child mortality in Nigeria. International journal of innovative research and 
development, vol. 3 issue 9, ISSN 2278-0211 (online).  

Warren, T. (2003). Encyclopaedia of population, vol. 2. Macmillan reference, 

pp939–40. ISBN 978-0-02-865677-9  

Weintraub, R. (1962). The birth rate and economic development: an empirical 

study. Published by: The econometric society, vol. 30, (4) pp. 812-817, DOI: 
10.2307/1909327, https://www.jstor.org/stable/1909327 

Wolfgang, L.  (2006). Fertility rates and future population trends: will Europe's 

birth rate recover or continue to decline?. International journal of Androl, in 
affiliation with international institute for applied systems analysis, A-2361 

Laxenburg, Austria. lutz@iiasa.ac.at 

World Population Prospects (2019). ‘‘Sustainable Development Goals (SDGs) 

target for reduction of child mortality by 2030’’ United Nations department of 
economics and social affairs, population division (2019), World Mortality,2019: 
data booklet 

https://www.researchgate.net/journal/1530-9142_Review_of_Economics_and_Statistics
https://www.researchgate.net/journal/1530-9142_Review_of_Economics_and_Statistics
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1162%2Frest.89.1.110
https://www.researchgate.net/deref/http%3A%2F%2Fideas.repec.org%2Fcgi-bin%2Fhtsearch%3Fq%3DDo%2BHigh%2BBirth%2BRates%2BHamper%2BEconomic%2BGrowth%253F
https://www.jstor.org/publisher/taylorfrancis
population%20investigation%20committee
https://www.jstor.org/stable/23056726
https://archive.org/details/encyclopediaofpo0000unse/page/939
https://en.wikipedia.org/wiki/Macmillan_Publishers
https://archive.org/details/encyclopediaofpo0000unse/page/939
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/978-0-02-865677-9
https://pubmed.ncbi.nlm.nih.gov/16466521/#affiliation-1
https://www.jstor.org/publisher/econosoc
https://www.jstor.org/stable/1909327
https://pubmed.ncbi.nlm.nih.gov/?term=Lutz+W&cauthor_id=16466521
mailto:lutz@iiasa.ac.at


         10264 

Yifang, H. (2013). The analysis of child mortality in a developing country as 

evidence in Nigeria. Master thesis, department of statistics, Stockholm 

University.  


