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Abstract 
Objective: Agricultural activities in most African countries demand human labour, the supply of 
labour to agriculture may be threatened if humans could no longer farm because of HIV/AIDS 
pandemic. Past studies have identified the alarming situation and challenges the spread of 
HIV/AIDS endemic poses to human existence and agricultural growth. Examining these interac-
tions, and their direction, is useful for informing policy directives. Therefore, the general objective 
of this study is to examine interactions between HIV/AIDS pandemic and agricultural growth in 
Africa using a model of retrogression. Methods: Twenty countries in Africa identified as HIV/AIDS 
ravaged countries were taken as the areas of study. These countries are spread over four zones of 
the Northern Africa, the Eastern, the Southern and the Sub-Saharan Africa. A combination of ana-
lytical tools was employed to meet the study objectives. Results: The results revealed that long run 
economic cost of HIV/AIDS had a statistical positive significant relationship with agricultur-
al/economic growth. The results suggest that there is a curvilinear relationship between the 
course of the HIV/AIDS epidemic and agricultural/economic growth in terms of human capita de-
velopment. Conclusions: HIV/AIDS pandemic interactions and agricultural growth have demon-
strated that a more balanced approach is necessary for effective policy. 
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1. Introduction 
Economy of most African countries is predominantly agricultural and the agricultural sector is a major contri-
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butor to the country’s Gross Domestic Product (GDP). This sector contributes about 80 percent to the GDP an-
nually and it provides employment for about 80 percent of the population [1]-[3]. Studies have revealed that po-
verty prevalence at the homes of those who take agriculture as a source of livelihood [4] [5]. Agricultural activi-
ties in most African countries demand human labour, the supply of labour to agriculture may be threatened if 
humans could no longer farm because of the influence of HIV/AIDS prevalence that weakened human strength 
needed for labour. The increasing incidence and spread of HIV/AIDS epidemic has created drastic changes in 
the society and the economy of nations. Past studies have shown that HIV/AIDS affects people in their produc-
tive age groups (15 - 49 years old), resulting in a loss of agricultural labour [6]-[9]. In addition, caregivers who 
have to give up working in the fields in order to take care of the sick deprived labour for agricultural activities 
[10] [11]. 

For example, it has been estimated that on average two person-years of labour are lost (an active labour loss 
to death) in an AIDS-affected household in Africa [12]-[14]. Literature has revealed that HIV/AIDS pandemics 
are commonly found among productive age groups [15]-[17]. These studies noted that resulting effects of this is 
loss of agricultural labour not only from the people who die, but also from caregivers who have to give up 
working in the fields in order to take care of the sick. According to FAO global estimates (2006) 25.5 million 
agricultural workers have died of AIDS since 1985 to 2006 and 16 million more will die by 2020. A projection 
made by World Bank in 1997 on adult’s deaths due to infectious diseases in developing countries revealed that 
HIV/AIDS would have the highest rate of growth in death from infection, and by 2020, the death rate is ex-
pected to rise by 37.1%. FAO (2001) estimated that in the 27 most affected countries in Africa, 7 million agri-
cultural workers had died from HIV/AIDS, and 16 million more deaths were likely to occur in the next decade 
[18]. If the rate is not checked, this disease will continue to devastate farm labour force, thus put the food secu-
rity at risk, agriculture and the GDP of many countries will be adversely affected. 

Therefore the challenge that the spread of HIV poses to the rural community and agriculture in particular calls 
for urgent attention. There is a huge volume of literature on poverty and on HIV/AIDS. In order to capture the 
relationship between HIV epidemic and agriculture, Overlapping Generations (OLG) model was used. The 
Overlapping Generations model (OLG) describes the live of human activities in two periods, the young and the 
old. When young they work and divide their labour income between consumption and savings. When old they 
consume their savings. As the name of the model implies, generations overlap, so in each period there are young 
agents saving and old agents consuming [19]-[21]. This model allows us to consider two issues, the conse-
quences of finite time horizons and the consequences of difference between agents. Past studies have shown that 
OLG is a type of representative agent economic model in which agents live a finite length of time long enough 
to overlap with at least one period of another agent’s life. All OLG models share several key elements: 
 Individuals receive an endowment of goods at birth, 
 Goods cannot endure for more than one period, 
 Money endures for multiple periods, 
 Individual’s lifetime utility is a function of consumption in all periods. 

Consequently, in order to analyze the long-term economic effects of HIV/AIDS on Agricultural sector, some 
of the specific features of the relationship between health and economic growth must be treated in detail. In par-
ticular, there must be a link between the course of the epidemic and economic growth, in the form of feedbacks 
from premature mortality to education, the formation of human capital and output. For this purpose, the exten-
sion of the Overlapping Generations (OLG) model of past studies were adopted and modified to suit the purpose 
of the study [22]-[25]. This model analyzes the nexus of child labor, education and growth; investigate the caus-
es of some existing level of premature adult mortality and its effects on economic growth. 

However, literature explaining the interactions between the two especially in agricultural sector is almost 
non-existent. Examining these interactions, and their direction, is useful for informing policy instructions. Inter-
ventions are required at individual, family/community and policy levels. Consequently, empirical evidence re-
quiring both qualitative and quantitative approaches to this interaction between Agricultural Sector and HIV/AIDS 
Pandemic becomes pertinent for effective agricultural policy.  

1.1. Problem Statement 
Agriculture has been a late starter in responding to HIV/AIDS, Ministries of Agriculture generally are not part 
of national AIDS authorities [26]. Even when a multi-sectoral approach is recommended, approaches remain 
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within a health framework [27] [28]. It has been identified that HIV/AIDS impoverishes rural households by in-
creasing the cost of health care and funeral expenses as a result of HIV/AIDS victim death. This intervention 
often depletes household savings and reduces labour availability for agricultural production, making the affected 
households shift to less costly and labour-intensive farming [29]-[34]. This implies that affected households will 
experience increased impoverishment and if not checked it would continue into the future. Hence, a vicious cir-
cle is forming, linking together HIV/AIDS pandemic and penury. 

In most of Eastern and Southern Africa, where HIV prevalence rates generally exceed 10 percent; there will 
be many fewer adults in the coming decades compared to a “no-AIDS” scenario [35]. By the year 2010, six 
countries in the region will be experiencing negative population growth rates: Botswana (−2.1 percent per year), 
Mozambique (−0.2 percent), Lesotho (−0.2 percent), Swaziland (−0.4 percent), and South Africa (−1.4 percent) 
and by 2020, AIDS mortality will produce population pyramids in these countries. By 2025, summing across the 
seven countries where HIV prevalence exceeds 20 percent, there will be roughly 20 million men in the working 
age years between 20 and 59 years old as opposed to 31.5 million if AIDS had not existed. By contrast, there 
will be only 18 million women in the 20 to 59 age range as opposed to 32 million in the “no-AIDS” case 
[36]-[38]. There is now widespread recognition that HIV/AIDS is not simply a health issue. A coordinated ap-
proach will be necessary to effectively combat the epidemic and its consequences. While many in the agricultur-
al sector embrace the idea of playing a role in combating HIV/AIDS, there has been very little analysis for agri-
cultural policy analysts to look for directions [39]. Moreover, despite the fact that the pandemic is now in its 
third decade in Africa, available analysis to date provides a very murky picture as to how HIV/AIDS is affecting 
the agricultural sector. Until these issues are clarified, policy makers will be inadequately prepared to forecast 
anticipated changes and respond proactively. For this reasons anticipation of future impacts and proactive policy 
responses are likely to make a critical difference in averting future crisis and chronic poverty among the coun-
tries hardest-hit by HIV/AIDS pandemic. 

Therefore, the general objective of this study is assessing interactions between HIV/AIDS pandemic and 
agricultural sector and its implications for agricultural policy. The specific objectives include: 

1) To estimate the long-run economic costs of HIV/AIDS on agricultural sector, 
2) To measure the effects of HIV/AIDS pandemics on agriculture/economic growth, 
3) To establish linkages between economic costs of HIV/AIDS and economic growth, 
4) To investigate the potential implications of HIV/AIDS pandemic on agriculture for agricultural policy di-

rections. 

1.2. Limitations of the Study 
This research results in this article like any other researches on HIV/AIDS witnessed so restraints, here some as 
stated below: 

1) Measurements in this study seem not to utilize a standard research tool. The article here will be to interpret 
and explain rather than predict and account for variance. 

2) Past studies on HIV/AIDS identified that the methodology on the participant method employed is very time 
consuming and expensive. However, coupling up with an ongoing donor assisted project considerably lowers 
the research costs. 

3) Studies on HIV/AIDS, like all naturalistic studies will not be on its own provide any comprehensive con-
clusions. However, through combinations with other later studies or many different sorts of data, it should 
hopefully be able to appropriately inform the communicating discipline. 

2. Methodology 
2.1. Overlapping Generation (OLG) Model 
In order to analyze the long-term economic effects of HIV/AIDS on Agricultural sector, some of the specific 
features of the relationship between health and economic growth must be treated in detail. In particular, there 
must be a link between the course of the epidemic and economic growth, in the form of feedbacks from prema-
ture mortality to education, the formation of human capital and output. For this purpose, the extension of the 
overlapping generations (OLG) model of Bell and Gersbach (2002) was adopted and modified to suit the pur-
pose of the study. This model analyzes the nexus of child labor, education and growth; investigate the causes of 
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some existing level of premature adult mortality and its effects on economic growth. The model specified that 
Parents have preferences over current consumption and the level of human capital attained by their children, 
making due allowances for early mortality in adulthood. The decision about how much to invest in education is 
influenced by premature adult mortality in two ways: first, the family’s lifetime income depends on the adults’ 
health status, and second, the expected pay-off depends on the level of premature mortality among children 
themselves when they attain adulthood. The outbreak of AIDS leads to an increase in such mortality, and if the 
prevalence of the disease becomes sufficiently high, there may be progressive collapse of human capital, prod-
uctivity and economic growth. The policy problem, therefore, is to avoid such a collapse. The instruments 
available for this purpose are 1) spending on measures to contain the disease and treat the infected, 2) aiding or-
phans, in the form of income-support or subsidies contingent on school attendance, and 3) taxes to finance the 
expenditure program. The central policy problem is to find the right balance among these interventions in order 
to ensure economic growth over the long run without excessive inequality. First, the very nature of the model 
demands that the available economic and demographic series be long and fairly reliable if there is to be a solid 
base for calibration. Second, investigate African countries that have experienced substantial growth over years 
and the resultant effect of HIV/AIDS pandemics. Third, the epidemic has progressed rapidly in these selected 
African countries, from a prevalence rate among the population aged 15 to 49 of about one per cent in 1990 to 
over 20-percent a decade later [40]. 

2.2. The Model Specification 
We extend the OLG-model of Bell and Gersbach (2002) by introducing premature mortality among adults. 
There are two periods of life, childhood and adulthood, whereby the course of adulthood runs as follows. On 
becoming adults, individuals immediately form families and have their own children. When the children are 
very young, they can neither work nor attend school. Since the only form of investment is education, the fami-
ly’s full income is wholly consumed in this phase. Only when this phase is over do the adults learn whether they 
will die prematurely, and so leave their children as half-or full orphans. Early in each generation of adults, 
therefore, all nuclear families are sorted into one of the following four categories: Both parents survive into old 
age; the father dies prematurely; the mother dies prematurely and both parents die prematurely. 

These states are denoted by st { }: 1, 2,3, 4tS = . The probability that a family formed at the start of period t 
lands in category st is denoted by חt(st). The population is assumed to be large enough and the fractions of all 
families in that state after all premature adult death have occurred. We turn to the formation of human capital. 
Consider a family at the start of period t. Let f

tλ  and m
tλ  denote, respectively, the father’s and mother’s en-

dowments of human capital, and let ( )t tA s  denote their total human capital when the family is revealed to be 
in state st. Then, 

( ) ( ) ( ) ( )1 , 2 , 3 , 4 0t t t t
f m m f

t t t tλ λ λ λΛ = + Λ = Λ = Λ =                     (1) 

An additional source of heterogeneity is ruled out in advance: 
Assumption 1. There is assortative mating: f

t t t
mVλ λ= . 

Hence, (1) specializes to 

( ) ( ) ( ) ( )1 2 , 2 3 , 4 0,t t t t t tλ λΛ = Λ = Λ = Λ =                        (2) 

Human capital is assumed to be formed by a process of child rearing combined with formal education in the 
following way. In the course of rearing their children, parents give them a certain capacity to build human capi-
tal for adulthood, a capacity which is itself increasing in the parents’ own human capital. This gift will be of lit-
tle use, however, unless it is complemented by at least some formal education, in the course of which the basic 
skills of reading, writing and calculating are learned. Expressed formally, the human capital attained by each of 
the children on reaching adulthood is assumed to be given by 

( ) ( ) ( )
1

1, 1, 2,3
4

t t t t t
t

t

z s f e s s
sζ+

 Λ + =Λ = 
=

                       (3) 

Beginning with the upper branch of (3), the term ( )t tz s  represents the strength with which capacity is 
transmitted across generations. It is plausible that the father’s and mother’s contributions to this process are not 
perfect substitutes, in which case, ( ) ( ) ( )2 1 Max 2 , 3z z z>     and z(2) may not be equal to z(3). For simplicity, 
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however, we introduce. 
Assumption 2. ( ) ( ) ( ) ( ) ( )2 3 1 2 2 3 2z z z z z= ≥ ≥ =  
( ) ( ) ( )1 2 3z z z= =  holds when parents are perfect complements and ( ) ( ) ( )2 1 2 3z z z= =  when they are per-

fect substitutes. Assumptions 1 and 2 allow the upper branch of (3) to be rewritten as 

( ) ( ) ( )1 3 1, 1,2t t t t t ts z s f e sλ λ+ = − + =                            (4) 

both types of single-parent families being identical in this respect. The function f(ּ ) may be thought of as 
representing the educational technology – translating time spent on education into learning. 

Assumption 3. f(ּ ) is a continuous, strictly increasing and differentiable function on [0,1], with f(0) = 0. 
The Household’s Behavior: It is assumed that all allocative decisions lie in the parents’ hands, as long as 

they are alive. We rule out any bequests at death, so that the whole of current income, as given by (5), is con-
sumed. Concerning the allocation of consumption within the family let the husband and wife enjoy equality as 
partners, and let each child obtain a fraction ( )0,1β ∈  of an adult’s consumption if at least one adult survives. 
Full orphans (st = 4) do not attend school, and consume what they produce as child laborers. 

From (2), the budget sets of single-mother and single-father households with the same endowments of human 
capital and the same number of children are identical. In the absence of any taxes or subsidies, the household’s 
budget line may therefore be written as 

( ) ( ) ( ) ( )3 3 , 1,2,3t t t t t t t t t t ts n c s n e s s n sα γ α λ γ− + + = − + =      β                 (5) 

where ( )t tc s  is the level of each adult’s consumption. The expression on the LHS represents the costs of con-
sumption and the opportunity costs of the children’s schooling. The expression on the RHS is the family’s 
so-called full income in state 1, 2,3ts = , whereby assumption 1 ensures that states 2 and 3 are identical where 
the budget set is concerned. Observe that single-parent households not only have lower levels of full income 
than their otherwise identical two-parent counterparts, but they also face a higher relative price of education, de-
fined as ( )3t t tn s nα γ − + β  

Parents are assumed to have preferences over their own current consumption and the human capital attained 
by their children in adulthood, taking into account the fact that an investment in a child’ education will be whol-
ly wasted if that child dies prematurely in adulthood. Let mothers and fathers have identically preferences, and 
for two-parent households, let there be no ‘joint’ aspect to the consumption of the pair ( ) ( )( )1 , 1t tc e : each sur-
viving adult derives (expected) utility from the pair so chosen, and these utilities are then added up within the 
family. In effect, whereas ( )1tc  is a private good, the human capital of the children in adulthood is a public 
good within the marriage. Since all the children attain 1tλ + , the only form of uncertainty is that surrounding 
the number who will not die prematurely as adults, which is denoted by 1ta + . Let preferences by separable, 
with representation. 

( ) ( ) ( )( ) ( )13 1 , 1,2t t t t t ta t tEU s s u c s E sν λ+
 −  = + + =                      (6) 

where the contribution ( )1tν λ +  counts only when death does not come early, Et is the expectation operator 
and 1t tE a +  is the expected number of children surviving into old age. The sub-utility functions u(ּ ) and v(ּ ) 
are assumed to be increasing, continuous, concave and twice-differentiable. Denoting by ( )1 1tt sπ + +  the parents  
subjective probability that a child will find itself in state 1ts +  in period 1t + , so that: ( )

1 1

4
1 1 1

st
t tsπ

+ = + + =∑ ,  

and recalling assumption 1 and that all children are treated identically, we obtain 

( ) ( )1 11 1 ,t t t t t tE a nν λ κ ν λ+ ++ = +  

where 

( ) ( )1 1 11 1 4 2t t tκ π π+ + +≡ −  +                               (7) 

We are interested in the question: how does the outbreak of the disease affect the subsequent development of 
the society? Children who are left as unsupported orphans (so = 4) fall at once into the poverty trap. Assumption 
7 also implies that ( )0 2 ,1 0e Vtξ = : even if both parents survive but have been orphans in childhood, they can-
not afford to send their children to school. In the absence of support, therefore, all orphans fall into the poverty 
trap, and their succeeding lineage remains there. In order to discover what happens to the rest, we introduce the 
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critical value function ( )* , ts kλ  for { }1,2,3s∈ , 1 ,t tn n Vt+ =  and tκ κ= , Vt defined by: 

( ) ( ) ( )( ) ( )( )* 0 * *, , , 1s k z s f e s s k sλ = Λ Λ +                         (8) 

Vt is the Long-run economic costs of HIV/AIDS on human capital. These are the associated factors responsi-
ble for premature mortality among adults due to the influence of HIV/AIDS and the spillover effect on the 
children, the environment and the country at large. 

The study believe that by killing mostly young adults, AIDS does more than to destroy the human capita em-
bodied in them; it also deprives their children of those very things they need to become economically productive 
adults-their parents’ loving care, knowledge and the capacity to finance education. To capture Vt, there is the 
need to look at variables influences it, that is at state Vt, what happens and what variables determines this state 
of Vt. Reviews of past studies and literature on HIV/AIDS and Human capita development clearly indicated 
what combination of measures should be adopted to promote the formation of human capita and good health. 
These measures are partly complementary; for the maintenance of good health means that the human capital 
embodied in individuals during childhood and training will survive and pay off into old age, not only for them, 
but also for their children. In order to estimate the long-run economic cost of HIV/AIDS on human capital 
(agriculture was used as proxy for human capita, since studies have established that over 70 percent of labour 
are involved in agriculture) the OLG model was used. The long-run economic cost of HIV/AIDS on agricultural 
sector is therefore conceptualized through the model of OLG. 

2.3. Modeling 

( )1 2 3 15, , , , , iVt f X X X X µ=                                (9) 

The estimating equation is represented as: 

0 1 1 2 2 2 3 15 15Vt X X X Xβ β β β β µ= + + + + + +                       (10) 

where Vt = Long-run economic costs of HIV/AIDS on agricultural sector. 
oβ  = Constant term 
1 15-X X  = Independent variables. 

U = Error term assumed to have normal distribution with zero mean, and constant variance i.e ( )20,U N σ  
and ( ), 0E Ui Uj ij= . 

The following variables are hypothesized as having significant influence on the economic cost of HIV/AIDS: 
Household size (X1), level of education (X2), age (X3), information on HIV/AIDS, protective and preventive 
measures (X4), hired labour (X5), inputs (X6), expenses on food (X7), opportunity cost of own labour (X8), income 
(X9), number of non-farm rural activities (X10), market facilities (X11), access to extension facilities (X12) cost and 
access to credit facilities (X13), cost of health services (X14) and frequency of visit to hospital for care or medica-
tions (X15). The selection of these variables is based on economic theory and suggestions of previous/similar 
studies. The OLS technique was used to estimate the model. 

2.4. List of Independent Variables and Measurements 

s/n Variables Measurements Expected signs 

1. Household size (X1) Measured in terms of number of member(s) who eats in the same pot negative relationship 

2. Level of education  
of household head (X2) 

Education refers to the level of formal and non-formal education 
and will be measured in terms of ability to read and write and 
enrolment in primary, secondary schools or above.  

Educational level positively 
affects use of HIV /AIDS 
information 

3. Age (X3) Measured in terms of number of years of age. negative relationship 

4. 
information on HIV/AIDS, 
protective and preventive 
measures (X4) 

Access to effective information was anticipated as the ability to 
improve on the level of ignorance. Access to timely information on 
HIV/AIDS protective and preventive measures could go a long away 
to contain the spread of HIV/AIDS. This variable was measured 
using list of items selected through systematic procedure.  

Access to effective information 
was anticipated to have positive 
relationship 
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Continued 

5 Hired labour (X5) 
Defined as a person’s quality to provide specialized labour for an 
agreed fee. It was measured by man days.  

The variable was assumed 
to have positive relationship 

6. Inputs (X6) 
These are agricultural tools and equipment used in running farming 
activities. It also include consumables in making agricultural 
activities functional and it is measured in Naira (N) 

The variable was assumed 
to have positive relationship 

7. Expenses on food (X7) 
This is amount spend in making food available to all members of 
the farm households. it is measured in Naira (N) 

The variable was presumed 
to have positive relationship 

8. Opportunity cost of own 
labour (X8), 

This is a tradeoff between one’s efforts offered for services that 
is not paid nor documented. it is measured in Naira (N) 

The variable was presumed 
to have positive relationship 

9. Income (X9) 
Operationally defined as the value of the products of the household 
after home consumption and income obtained from off-farm and 
non-farm activities that are expressed in Naira per year.  

The income level was 
anticipated to have a 
positive relationship  

10 Number of non-farm rural 
activities (X10) 

This refers to other income generating activities that is not farming. 
It was assumed in number of activity engaged.  

The variable was presumed 
to have positive relationship 

11 Market facilities (X11) 

This was defined as the degree to which the respondent was eager to 
get information on how to market farming products and how it can 
use such information for gains. This was measured in terms of how 
much information was sought, how frequently and from where the 
information was sought. 

Access to market facilities 
was assumed to have 
positive relationship  

12 Access to extension 
participation (X12) 

It was measured using a weighted index. variable was assumed to 
have a positive relationship 

13 Cost and access 
to credit (X13) 

Access to credit has impact on level of utilization of recommended 
technological packages and this in turn will expose respondents to 
different information. 

anticipated to have a 
positive relationship 

14 Cost of health services (X14) 
This is the cost of accessing medical facilities and buying of drugs. 
This is measured in Naira (N) 

anticipated to have a 
negative relationship 

15 Frequency of visit to hospital 
for care or medications (X15). 

Defined as the extent to which respondent visit hospitals either 
for medical attention or treatment of an ailment. This is measured 
in times of number of visits and the essence of such visit. 

variable was assumed to 
have a negative relationship 

2.5. Economic Retrogression Model 
The model of Retrogression was first developed by McPherson & Zinnes (1991), the model links institutional 
weakness to economic growth via an externality on the production side and a political backlash process on the 
institutional side. Economic decline is then shown to result from the internal dynamics of a country’s sociopo-
litical and technological characteristics [41]. This model is modified to accommodate the effects of HIV/AIDS 
on the growth or real output at time t ( ){ }G y t . This method of analysis was used to achieve objective 2. 

Model Specification 

( ){ } ( ) ( ) ( ) ( ){ }, , ,G y t G K t G Vt t G I t R t        =                         (11) 

where ( ){ }G y t  = Growth of real output at time t 
( )G K t    = Growth of physical capital at time t 

( )G Vt t    = Growth of human capital at time t 
( )G I t    = Growth of information at time t 

( )R t  = Residual 
Why will ( )G Y t    decline? 
 ( )G Vt t    declines and may become negative; skill composition changes as well 

 ( )G K t    falls due to reduced investment; potential mismatch with available skills as organizations and in-
stitutions becoming less effective 

 ( )G I t    declines capacity to generate and utilize information— ( )I t  complementary to ( )Vt t . 
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 ( )R t  may be negative because organizations and institutions cannot adjust in ways that compensate for de-
cline in ( )Vt t , and ( )I t . 

2.6. Simultaneous Equation Model 
To establish linkages (or interactions) between economic costs of HIV/AIDS and economic growth in agricul-
ture, Simultaneous equation model is adopted. The effects of long-run economic cost of HIV/AIDS on agricul-
ture and other variables on economic growth were examined by regression analysis. A two-stage methodology is 
adapted. This is necessary because long-run economic cost of HIV/AIDS on agriculture and economic growth 
are jointly depended on similar household socio-economic variables. Moreover, effects of long-run economic 
cost of HIV/AIDS on agriculture have been used previously as dependent variable in Equation (10). The use of 
2SLS has the advantage of estimating all parameters of the structural equation in the model simultaneously [42]. 
The objective of using 2SLS is to facilitate the use of Ordinary Least Square (OLS) method to each equation of 
the structural model. 

Model specification 

( ) ( ){ } ( ) ( ) ( ) ( ){ }, , ,G Vt t G y t G K t G Vt t G I t R t              = =                  (12) 

where one of the X’s is Vt 

0 1 2 2 15 15Vt b b b X b X iν= + + + + +                           (13) 

Vt  is an endogenous explanatory variable in Equation (13), it’s assumed here that the growth of human capi-
tal is as a result of the explanatory variables ( )1 15-X X , and hence its estimated value from Equation (13) is 
used in Equation (12) as an explanatory variable. According to Olayemi, (1998), an endogenous independent/ 
explanatory variable has two components a systematic component Vt  and a random component V. Hence, 

That is 

Vti VVt= +                                     (14) 

Substituting Vt Equation (13) with Equation (12) we have 

( ) ( ) ( )0 1 2 2 15 15G Vt t d d i VVt i d X d X iε= + + + + +  + 
 

It becomes 

( ) ( )1 2 2 15 15 1  oG Vt t d d i d X d X i dVt Vε   = + + + + + +                     (15) 

OLS method can then be used to estimate Equation (15). 
The variables above are hypothesized as having significant influence on the growth of real output at time t 

( )( )G Vt t   . 
Elasticities were computed for significant variables in both the ( )( )G Vt t    and Vt. Following past studies 

efforts, elasticities are calculated as based on  the concept of these studies [42] [43] 

Elasticity d
d

Y Xi
Xi Y

= ⋅                                  (16) 

Ƣ = Xb
Y

 

where Ƣ = Elasticity estimate, 
b = Parameter estimate (marginal effect associated with each Independent variable), 
X = Mean of independent variable, 
Y = Mean of dependent variable. 

2.7. Area of Study 
Twenty countries in Africa as identified as HIV/AIDS ravaged countries were taken as the areas of study. 
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2.8. Method of Data Collection 
Secondary data were collected for this study. The Secondary data was obtained from UNAIDS website (2012), 
Department of Medical Statistics and Epidemiology, University College Hospital (UCH) Ibadan, Nigeria. Addi-
tionally data were obtained from National Action Committee on AIDS (NACA) zonal office in Ibadan and 
Akure, Nigeria (2007), and relevant websites were visited downloaded, reviewed, used and cited. The websites 
as follows: www.unaids.org, www.cbnrm.net, www.fhi.org, www.abcg.org, www.who.org. 

2.9. Sampling Procedure 
Purposive sampling procedure was used in the first stage of sampling. Twenty countries in Africa as identified 
as HIV/AIDS ravaged countries through the help of literatures, internet and past studies, were purposively se-
lected in this first stage (Table 1). These countries are spread over four zones of the Northern Africa, the Eastern, 
the Southern and the Sub-Saharan Africa. It was observed that the study areas are characterized by high, me-
dium and light HIV/AIDS incidences. The Southern zone has all the three characteristics; the Eastern and SSA 
zones have medium and light cases while the Northern zone has light HIV/AIDS incidence respectively. In the 
second stage, communities that were ravaged with HIV/AIDS incidences were purposively selected to represent 
the three cases in all the zones (Table 1). Thus, 520 affected households were randomly picked in the Southern  
 
Table 1. HIV prevalence in Africa and No. of people affected in agricultural industry. 

S/N Country Population Position in 
the World 

National HIV 
Prevalence % 

No. of People 
Affected 

No. of People that derived 
livelihood in Agriculture 
and in percentages (%) 

No of people affected by 
HIV and derived livelihood 

in Agriculture 

1 Nigeria 140,003,562 9th 6.2 8,680,221 105,002,672 (75) 6,510,166 

2 South Africa 43,718,530 27th 15.3 6,688,935 22,733,636 (52) 3,478,246 

3 Ethiopia 67,851,781 17th 6.4 4,342,514 42,407,363(62.5 2,714,071 

4 Tanzania 36,668,225 33rd 7.8 2,861,682 25,314,875 (69) 1,974,560 

5 Congo Dem 58,317,930 22nd 4.9 2,857,579 39,656,192 (68) 1,943,153 

6 Kenya 32,021,856 37th 8.5 2,721,868 23,375,955 (73) 1,986,956 

7 Egypt 76,117,421 15th 2.2 1,674,583 50,237,498 (66) 1,105,225 

8 Zimbabwe 12,671,861 58th 10.3 1,305,202 8,616,865 (68) 887,537 

9 Zambia 10,462,436 64th 12.1 1,265,955 6,800,583 (65) 822,871 

10 Sudan 39,148,162 30th 2.6 1,017,852 27,795,192 (71) 722,675 

11 Morocco 32,209,101 35th 2.3 740,809 19,325,460 (60) 444,486 

12 Algeria 32,129,324 36th 1.8 578,328 18,635,008 (58) 335,430 

13 Lesotho 1,865,040 94th 21.2 395,388 951,704 (51) 200,697 

14 Botswana 1,561,973 99th 23.0 360,815 859,085 (55) 198,449 

15 Namibia 1,954,033 89th 18.6 363,450 1,231,040 (60) 228,974 

16 Swaziland 1,169,241 112 13.4 156,678 713,237 (61) 95,573 

17 Malawi 18,811,731 53rd 12.8 2,407,901 13,356,329 (71) 1,709,610 

18 Mozambique 11,906,855 61st 11.2 1,333,568 8,096,661 (68) 906,826 

19 Uganda 26,404,543 47th 13.1 3,458,995 19,011,271 (72) 2,490,477 

20 Rwanda 7,954,013 79th 15.3 1,216,964 5,885,970 (74) 900,553 

Source: U.S. census bureau, 2010. The World Fact Book, 2011. 

http://www.unaids.org/
http://www.cbnrm.net/
http://www.fhi.org/
http://www.abcg.org/
http://www.who.org/
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Zone, 400 in the Eastern zone, 280 households in the Northern zone and SSA, 220 households respectively for a 
total of 1,420 affected households in the final stage of sampling. However, 1,300 observations were found suita-
ble for the subsequent analysis. Respondents that have taking agricultural livelihood either as primary or sec-
ondary occupation were considered. Information was collected on socio-economic characteristics, livelihood ac-
tivities, access to basic facilities, cost on health care, information on HIV/AIDS protective and preventive meas-
ures, treatment and palliative measures adapted, funeral cost in case of burying a loved one’s among others. Da-
ta were subjected to descriptive statistical, Overlapping Generation (OLG) model, Economic Retrogression 
Model and Simultaneous equation model. 

3. Results and Discussion 
3.1. Overlapping Generation (OLG) Model, Results and Discussions 
Objective 1 is to estimate the long-run economic costs of HIV/AIDS on Agricultural sectors in the area of study. 
Table 2 presents the results of the long-run economic costs of HIV/AIDS of OLG Regression model. The R2 of 
74% and the Standard Error of 0.02514 indicated a good fit for the estimated equation. Results from the 
long-run economic costs of HIV/AIDS equation indicate that agricultural sector was affected negatively and sig-
nificantly by age (X3) information on HIV/AIDS, prevention and protective measures (X6), and access to credit 
(X13). Thus, the higher the age, information on HIV/AIDS, prevention and protective measures and access to 
credit used to raise production variables the lower the spread of HIV/AIDS (Table 2). The results also indicated 
that education (X2), income (X6), number of non-farm rural activities (X10), access to extension services (X12) 
Cost of health services (X14), and frequency of visit to hospital for care or medications (X15). All have signifi-
cant positive effects on long-run economic cost (Table 2). The results reveal that income (X6) was the most sig-
nificant factor influencing the spread of HIV/AIDS. This means that poor households struggle for additional in-
come to meet household needs including engaging in commercial/casual sex work. Similarly, educations, NFRA, 
access to extension services and access to market facilities have positive significant effect on long-run economic 
cost of HIV/AIDS (Table 2). Increases in these variables will lead to increase long-run economic cost of HIV/ 
 
Table 2. Ordinary least square for OLG regression analysis. 

Variable Estimate t-value 

Household size (X1) −2.1481E-04 −0.1345 

Level of education (X2) 0.7251 2.4131* 

Age (X3) −7.9135E-03 − 2.2652* 

Information on HIV/AIDS, prevention and protective measures (X4) −4.5821E-03 −3.3546*** 

Hired labour (X5) −4.5482E-07 −1.0523 

Inputs (X6) 1.7245E-08 3.2543** 

Expenses on food (X7) −2.4431E-07 −0.2988 

Opportunity cost of own labour (X8) 2.335E-06 0.7654 

Income (X9) −4.4652E-09 −0.6635 

Number of non-farm rural activities (X10) 5.5134E-07 2.3852* 

Market facilities (X11) 0.5192 0.3107 

Access to extension facilities (X12) 0.6453 2.4127* 

Cost of credit facilities (X13) 0.00859 −3.0048** 

Cost of health services (X14) 0.00203 3.1162** 

Frequency of visit to hospital for care/medication(X15), 0.0185 2.5643* 

Source: Computer Printout of Multiple Regression Analysis; DIAGNOSIS STATISTICS; *** = Significant at p < 0.001, ** = Significant at p < 
0.005, * = Significant at p < 0.01; Multiple R = 0.8253, R Square = 0.7691, Adjusted R Square = 0.7432, Standard Error = 0.02514. Constant = 
−0.0103. 
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AIDS. As households realize that they can make more money from other sources than farming they may gradu-
ally shift away from farming livelihood. 

The implication is that interest in farming gradually declining and can lead to scarcity of agricultural products 
or food shortages, threatening food security and legalize commercial sex work as livelihood in the area of study. 
Thus, the findings of the study are similar to the past works [44] [45]. These studies examined the impact of 
HIV/AIDS on food security and household vulnerability in Swaziland and found out that farming labour is be-
coming expenses as a result loss of labour loss to HIV/AIDS. 

3.2. Economics Retrogression Model 
The second objective is to estimates the effects of HIV/AIDS and socio-economic factors on economic growth. 
Table 3 presents the results of the estimated linear equation for the second stage of the two-stage least squares 
method. The R2 of 75% and standard error of 0.8457 indicated a good fit for the equation. Table 3 reveals that 
long run economic cost of HIV/AIDS has a statistical positive significant relationship with economic growth 
(measure through Growth of Real Output) at 5 percent level of significance. This clearly indicates that 
HIV/AIDS pandemic has an impact on economic growth. The result shows that access to physical capital (Z2) 
and Growth of Information (Z1) have significant positive effect on economic growth. In other words, access to 
physical capital (Z2) and Growth of Information (Z1) in the study area is found to have a positive impact. On the 
other hand, growth of human capital (Z3) has a negative and significant impact. This suggests that the higher the 
growth of human capital, the lower the economic growth. This is because HIV/AIDS is taking advantage of spe-
cialization (dead of highly skilled labour), losing complementarities created by skill agglomeration, losing com-
petitiveness as scale shrinks and unit costs rise. 

This suggests that most of the times, the farmers/people lack physical capital and information that can meet 
the objectives of agricultural productivity. The findings of this study conform to the outcome of research [46]. 

3.3. Consequences of Retrogression 
Akin to running an endogenous growth model backwards—retrogression outweighs progress, this is because the 
Impact of HIV/AIDS reduces investment by: 

1) Shorter horizons, which reduces investment in information and networks. 
2) Increasing morbidity that disrupts networks and lowers efficiency. 
3) Loss of workers that impairs institutions and reduces capacity of organizations. 
4) Combination of effects—structured loss of information and capacity that leads to system regress. 

3.4. Macroeconomic Impact of HIV/AIDS 
 Individuals/farm households have shorter horizons that will increase uncertainty about future, higher current 

costs that reduce investment. 
 Businesses will have higher short term costs—health, training, disrupted work schedules—and prospects of 

falling future demand, all these lead to reduce investment. 
 Government will experience higher recurrent costs (health, education, redundancy payments) and prospects 

of declining future revenue that reduces investment. 
 With all major actors seeking to reduce investment—future income will decline (often sharply). 

Moreover, based on the lag between the HIV infection and the emergence of AIDS, this decline is likely to 
accelerate. 

 
Table 3. Results of regression estimates of economics retrogression model. 

Variable Estimate t-value 

Growth of information (Z1), −4.3518 −0.3542 

Physical capital (Z 2), 5.3642 3.6734** 

Growth of Human capital (Z 3), −23.456 −0.2546 

Source: Computer Printout of Multiple Regression Analysis; DIAGNOSIS STATISTICS; *** = Significant at p < 0.001,** = Significant at p < 
0.005,* = Significant at p < 0.01; R 2 = 0.7962, Adjusted R2 = 0.7461, Standard Error = 0.8457 Constant = −2.1185. 
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3.5. Simultaneous Equation Regression Model Results 
Table 4 and Table 5 report the estimates of the empirical analysis of the simultaneous equation regression. Ta-
ble 4 presents the pseudo effects of the regression results, while Table 5 the 2SLS model. These tables convey 
the estimated production function results with the pseudo-fixed-effect model and the two-stage least-square 
(2SLS) results respectively. In the 2SLS model, we explored alternative functional forms and found the linear 
specification to be stronger in terms of number of significant variables and the model predictors’ indicator. The 
results show that the estimated coefficients for information received on HIV/AID, income, number of non-farm 
livelihood activities engaged in and expenses on health services is positive and statistically significant. On the 
other hand, expenses on food and opportunity cost of own labour is negative but statistically significant (Table 
4). This is because respondents who earn modest income with less household size and spend fewer expenses on 
food consumed could not possibly engaged in risky sex deeds. 

In addition, all the convectional inputs exhibit signs consistent with predictions of economic theory and are all 
statistically significant. As expected, less expenses on food consumed, information received about HIV/AIDS 
and diversification to non-farm livelihood tended to increase human capital growth. The predictor’s estimators 
of the parameters estimates meant that values of plot-varying variables are significant. This fact justifies the ro-
bustness of our pseudo-fixed-effect model over a standard random effect. Past efforts of the interactions of 
HIV/AIDS on Economic growth, agricultural growth, and hunger and poverty have been a negative. HIV/AIDS 
pandemic affected human labour which in turn influenced agricultural outputs reducing farming income and 
food security [47]-[49]. 

Elasticities were computed for only six continuous variables in the Growth of Human Capital model and 
Long-run economic cost of HIV/AIDS. These included education (Z1) for both growths of human capita and 
long-run of economic cost of HIV/AIDS models respectively, income (Z7) and non-farm rural activities (NFRA) 
income (Z16). The others are age (Z3), opportunity cost of own labour (Z9) and expenses on health (Z15) Table 6  
 
Table 4. Human capital growth model: Pseudo-fixed-effects results. 

Variables Coefficients. P-Value 

Household size (X1) 87,2813 0.021 

Level of education (X2) 1.7123 0.062 

Age (X3) 0.6216 0.031 

Information received about HIV/AIDS through extension/media (1 = yes) (X4) 0.3110 0.021 

Information on HIV/AIDS, prevention and protective measure (X5) 0.4152 0.042 

Hired labour (X6) 0.8160 0.001 

Inputs (X7), 0.7210 0.002 

Expenses on food (X8) −0.3130 0.000 

Opportunity cost of own labour (X9) −0.7103 0.005 

Income (X10) 116.624 0.002 

Number of non-farm rural activities (X11) 0.0816 0.001 

Market facilities (X12) 416.04 0.005 

Access to extension facilities (X13) 87.18 0.003 

Expenses on health services (X14) −0.02610 0.003 

Frequency visit to hospital for care/medication   

Sigma_u 173.216  

Sigma_e 811.290  

Rho 0.013  
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Table 5. Human capital growth model: Two-Stage Least-Square (2SLS) results. 

Variables Coefficient P-Value 

Household size (X1) 2.1103 0.010 

Level of education (X2) 0.5117 0.320 

Age (X3) 0.7114 0.203 

Information received about HIV/AIDS through extension/media (1 = yes) (X4) 0.5110 0.018 

Information on HIV/AIDS, prevention and protective measure (X5) 315.1710 0.010 

Hired labour (X6) −61.023 0.521 

Inputs (X7), 501.82 0.003 

Expenses on food (X8) 0.4112 0.001 

Opportunity cost of own labour (X9) 4.1103 0.033 

Income (X10) 0.0319 0.051 

Number of non-farm rural activities (X11) 0.0291 0.000 

Market facilities (X12) 2.1013 0.021 

Access to extension facilities (X13) 0.0913 0.003 

Expenses on health facilities 0.0182  

Constant 1106.18 0.001 

Partial R-squared of excluded instruments: 0.0294   

Test of excluded instruments: F (10,018) = 66.52; Prob > F = 0.000; Adjusted R2 = 0.1629; N = 650   

 
Table 6. Elasticity estimates from the growth of human capital and long-run economic costs of HIV/AIDS. 

Variable Long-run of economic cost of HIV/AIDS Elasticity Growth of Human Capita Elasticity 

Education (Z1) 0.2863 0.2771 

Age (Z3) -------- −0.2254 

Income (Z7) 0.0768 -------- 

Opportunity cost of own labour (Z9) 0.0199 -------- 

Expenses on health services (Z15) 0.4837 -------- 

Non-farm rural activities income (Z16) 2.1857* 2.3827* 

Source: Computed from Multiple Regression Analysis Print out. * = Elastic variable. 
 
reveals that only NFRA income was elastic for both Growth of Human Capital model and Long-run economic 
cost of HIV/AIDS models out of other variables whose elasticities were computed. The most important factors 
that significantly long-run of economic cost of HIV/AIDS increase in order of importance included NFRA in-
come, expenses on health services and education. While for Growth of Human Capita model, in order of impor-
tance are NFRA income, education and age. Moreover, results from Table 6 reveals that 10 percent increase in 
NFRA income would result in about 22 percent increase in Long-run of economic cost of HIV/AIDS. Similarly, 
an increase of the same magnitude in expenses on health, education and opportunity of own labour would lead to 
5 percent, 3 percent and 2 percent increase in Long-run economic cost of HIV/AIDS model respectively. For 
Growth of Human Capital model, 10 percent increase in NFRA income would result in 24 percent increase in 
the level of diversification with 8 percent and 3 percent increases in Long-run economic cost of HIV/AIDS 
model respectively. Growth of Human Capital has significant effect on long-run economic cost of HIV/AIDS at 
p < 0.05. A one percent (1%) increase in Growth of Human Capital will lead to 1.4% decrease in long-run eco-
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nomic cost of HIV/AIDS. This signifies an inelastic relationship. Based on the Growth of Human Capital analy-
sis and taking into consideration the long-run economic cost of HIV/AIDS analysis this outlet seems to be an 
effective policy measures that can help agricultural policy makers to improve human capital needs. This study 
examined the influence of Growth of Human Capital analysis on long-run economic cost of HIV/AIDS. There-
fore there is a need to carry out simultaneity test between these two models Hence, Hausman specification test 
was used to determine the extent of the relationship following the methodology adopted by past studies 
[50]-[52]. 

3.6. Hausman Specification Test 
To test whether agricultural/economic growth and HIV/AIDS pandemic are related in a simultaneous manner, 
the Hausman specification test was conducted. The procedure for this test is as follows. The endogenous varia-
ble in the model, such as compounded Household Income and the long-run economic cost of HIV/AIDS on 
agricultural sector are analyzed independently in terms of the rest of the predetermined variable using Ordinary 
Least Square (OLS) method. The unstandardized predicted value and residuals are saved. Having done this, 
another endogenous variable is created from the residuals and included in the analysis as an explanatory variable. 
If the t-value for this variable is statistically significant and greater or equal to 2, then it can be concluded that 
there is simultaneity. The following are the results after performing the Hausman Specification Test. 

Hausman test Results for Equations (12) and (13). 

( ){ }* *11.256 0.317 0.143

-value 5.314 2.14

Vt G y t

t

ε∆ = − ∆ +

−
                          (17) 

( ){ } * *28.146 1.583 0.126

             -value 5.101 2.46

G y t Vt

t

ε∆ = − ∆ +

−
                          (18) 

where,   Vt∆  = long-run economic cost of HIV/AIDS 
( ){ }*

G y t∆  = estimated unstandardized predicted value of growth of real output from reduced-form equation 
by OLS  
ε* = saved residual value while estimating unstandardized predicted value of compounded LDI 

( ){ }G y t∆  = Computed Household Income 
*Vt∆  = estimated unstandardized predicted value of compounded ∆Vt from the reduce-form equation by 

OLS  
ε* = saved residual value while estimating unstandardized predicted value of compounded Household income. 
These estimates co-efficient for the ε* variables are statistically significant and greater than 2 in both equation; 

implying that there is simultaneity between compounded changes in Vt and agricultural/economic growth. Equa-
tions (17) and (18) present the results from the reduced-form equation (as in ( ){ }*

G y t∆  and *Vt∆ ) express 
endogenous variables as functions of exogenous or predetermine variables only. Their parameters measure both 
the direct and in direct influence of exogenous variables on endogenous variables. But these reduced-form pa-
rameters are composed entirely of structural parameters [53] [54]. That is, this reduced-form parameter is a 
combination of some structural parameters. This suggests that policy that can influence HIV/AIDS pandemic 
can also do same to improve agricultural/economic growth. Thus, this finding suggests that HIV/AIDS pandem-
ic has a significant effect on agricultural/economic growth. The outcomes of this research were confirmed by 
past works [55]-[57]. These studies revealed that HIV/AIDS impoverishes rural households by increasing the 
cost of health care and funeral expenses as a result of HIV/AIDS victim death. This implies that affected house-
holds will experience increased impoverishment and if not checked it would continue into the future. Hence, a 
vicious circle is forming, linking together HIV/AIDS pandemic and penury. The results suggest that there is a 
curvilinear relationship between the course of the HIV/AIDS epidemic and agricultural/economic growth in 
terms of human capita development. Simultaneous estimation helps sort out the various direct and indirect asso-
ciations among the key variables. Elasticity of income with respect to changes in life expecting is less than unity. 
The result from this study revealed a downward spiral because behaviour patterns do not change. This is attri-
buted to 

1) Personal and collective behaviour that lead to the spread of HIV/AIDS have to be modified. 
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2) Governments ensure they devote their full attention to promoting and sustaining economic reform. 
3) There is also the need to formulate and implement poverty reduction and growth strategies. 
In the absence of AIDS, the counter factual benchmark is modest growth, with universal and complete educa-

tion attained within the next generation. If nothing is done to combat the epidemics, however, a complete eco-
nomic collapse will occur within the next generations. In this case, the additional fiscal burden of intervention 
will be large, which reinforces the gravity of the findings. Sensitivity analysis suggests that these findings are 
robust to changes in a variety of key assumptions and parameter values concerning mortality, the efficiency 
measures taken to combat it, and the formation of expectations. A delay in responding to the outbreak of the ep-
idemic, however, can lead to a collapse. 

3.7. Potential Implications of HIV/AIDS for Agricultural Policy 
Macro models from this study has projected that AIDS is affecting national GDP growth, which will affect de-
mand and price levels for some agricultural commodities, especially those relying mostly on local demand as 
opposed to export demand. Many effects of AIDS on the agricultural sector are likely to operate through the 
overall economy, and would be neglected in an analysis that focused simply on direct pathways within the agri-
cultural sector. Assemble multidisciplinary teams to project and forecast the effect of HIV/AIDS in the near- 
term and long-term on the agricultural and rural sector becomes necessary. Identify the major policy strategies/ 
programs of the Ministry of Agriculture and related government agencies (for example, rural poverty reduction 
programmes that may fall under different ministries’ portfolio) that can improve farmer’s income. This paper 
considers how the design of agricultural policies and programmes might be modified to better achieve policy 
objectives in the context of severe of HIV epidemics and underscores the central role of agricultural policy in 
mitigating the spread and impacts of the epidemics. Based on projections of future demographic change in the 
hardest-hit countries of Eastern and Southern Africa, HIV/AIDS is likely to have the following effects on the 
agricultural sector: (1) increased rural inequality caused by disproportionately severe effects of AIDS on rela-
tively poor households; (2) a reduction in household assets and wealth, leading to less capital-intensive cropping 
systems for severely affected communities and households; and (3) problems in transferring knowledge of crop 
husbandry and marketing to the succeeding generation of African farmers. It is argued that-even though the ab-
solute number of working age adults in the hardest-hit countries is projected to remain roughly the same over the 
next two decades—the cost of labour in agriculture may rise in some areas as increasing scarcity of capita (nota-
bly, animal draft power for land preparation and weeding) will increase the demand for labour in agricultural 
production or shift agricultural systems to less labour-and capital-intensive crops [58]. To further illustrate the 
potential linkages between agricultural policy and HIV/AIDS, we provide two examples from a recent FAO 
study. In Uganda, as a result of a government policy to increase production in order to substantially increase the 
land cultivated with maize by reducing the amount of land dedicated to banana, cassava and millet. By contrast, 
AIDS affected families are found to reduce the amount of land cultivated in all of the cited crops. In Zambia, a 
government policy sought to increase smallholder agricultural production through the promotion of cooperatives 
as a means to distribute subsidized agricultural inputs. While roughly one in two households headed by women 
with a person living with AIDS that were not directly affected by AIDS were members in such cooperatives, 
only one in ten households headed by women with a person living with AIDS, or fostering orphans were able to 
obtain subsidized inputs through the cooperatives. Affected male-headed households fared better, especially 
those fostering orphans [59]. Although the reason for this are complex and involve more dimensions than 
whether households suffered from AIDS or not, the study hypothesized that these were intact households who 
took in orphans with some of their land or other property. AIDS will have a delayed and long-wave impact be-
cause, according to demographic projections, the full effects of the disease on population and labour will not 
manifest until the next several decades. Therefore, the framework would be oriented to forecast impacts of these 
demographic changes on the agricultural/rural sectors in both the near-term (next 5 - 10 years) as well as the 
long-term (10 - 25 years) 

4. Conclusions 
The central conclusions of this paper are, first, that the AIDS epidemic will peak far in advance of the economic 
change. In Southern Africa, where the prevalence rates among the age group 15 - 49 are already 20% and more, 
the worst is still to come; second, the scale of that damage, in terms of accumulated losses in GDP per capita, 
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will also be large, even if the measures designed to combat the disease and to ensure the education of half- and 
full orphans are well chosen and the fiscal means employed to finance them are highly efficient. In the absence 
of such measures, an economic collapse is on the cards. Agriculture is at the heart of the lives of rural people 
and it can be made into a powerful tool to reduce the potential of HIV infection, if the root causes of vulnerabil-
ity in farming systems, communities and households are curbed. Therefore, it is urgent to promote such aware-
ness not only among government decision makers but also among NGOs and the private sectors. It is urgent to 
identify proactive strategies for the agricultural sector so that it will fulfill both production and rural develop-
ment objective while contributing effectively to the fight against HIV/AIDS. There is the need to take a cue 
from countries where major progress has already been made in reducing the spread of HIV (e.g. Uganda). If the 
ingredients of success can be replicated more broadly, then doing so in a proactive way may be one of the most 
effective ways by which governments and donors can only support their agricultural and rural development ob-
jectives, but also save millions of lives that can contribute to society growth. The main reason for these gloomy 
findings lies in the peculiarly insidious and selective character of the disease. By killing mostly young adults, 
AIDS does more than destroy the human capital embodied in them; it also deprives their children of those very 
things they need to become economically productive adults-their parents’ loving care, knowledge and capacity 
to finance education. This weakening of the mechanism through which human capital is transmitted and accu-
mulated across generations becomes apparent only after a long Lag, and it is progressively cumulative in its ef-
fects. If agriculture can contribute to improving food security and increasing the income of farmers, then all ef-
forts must see to its growth. For instance, if women might not have to go into sex work when a crop fails, there 
must be an alternative to create an income generating activity to keep her going on. Therefore, exiting health 
approaches to HIV/AIDS need to be strengthened through development strategies in agriculture, transport, con-
struction and industry. 

Some studies have revealed that agricultural extension workers possess attributes known to be correlated with 
HIV contraction: mobility, education and relative affluence. There is a need to focus on attitude and sex beha-
viour change among agricultural extension workers and utilize them as forces for positive behaviour change in 
the community. As stated by the Uganda’s Ministry of Agriculture, Animal Industry and Fisheries: Extension 
workers interact regularly with the crop farmers, livestock farmers and the fishing folk. However, despite this 
regular interaction extension workers are not involved in HIV/AIDS work, as it does not fall within their 
mandate. Also the extension workers at present lack the knowledge and skills of addressing HIV/AIDS issues 
since it had long been perceived as health matter. In a way, HIV/AIDS seemed to have been perceived in the 
agricultural sector as a health issue, but not a development issue. Extension contents need to incorporate con-
servation agriculture and other labour saving technologies and practices that address the specific labour shortag-
es arising as consequences of the epidemic, especially among the most vulnerable groups and among those ren-
dered vulnerable due to the epidemic. They need to promote crops that are more suitable to the families affected 
by AIDS. Until now, agriculture has been concerned mostly with increasing production, while neglecting the 
human and social costs involved. The HIV/AIDS pandemic interactions have demonstrates that a more balanced 
approach is necessary. This is a challenge to agricultural policy makers; the price of failure is just too high when 
the lives and welfare of over 1.5 billion rural people are at stage—not to mention the economic dimensions in-
volved. 

References 
[1] Collier, P. and Gunning, J.W. (1999) Why Has Africa Grown So Slowly? Journal of Economic Perspectives, 13, 3-22.  

http://dx.doi.org/10.1257/jep.13.3.3  
[2] Ndulu, B.J. and O’Connell, S.A. (1999) Governance and Growth in Sub-Saharan Africa. Journal of Economic Pers-

pectives, 13, 41-66. http://dx.doi.org/10.1257/jep.13.3.41  
[3] Seeley, J., Amurwon, J. and Foster, S. (2012) The Longitudinal Picture: What Does It Reveal? In: Niehof, A., Rugale-

ma, G. and Gillespie, S. Eds., HIV⁄AIDS in Sub-Saharan Africa Diverse Trajectories and Impacts, Earthscan, London, 
61. 

[4] Chen, S. and Ravallion, M. (2004) How Have the World’s Poorest Fared since the Early 1980s? World Bank Policy 
Research Working Paper 3341, World Bank, Washington DC. 

[5] Apata, T.G. (2013) Empirical Analysis of Interactions of Agricultural Sector and HIV/AIDS Pandemic in Africa. 
World Journal of AIDS, 3, 92-104. http://dx.doi.org/10.4236/wja.2013.32013  

http://dx.doi.org/10.1257/jep.13.3.3
http://dx.doi.org/10.1257/jep.13.3.41
http://dx.doi.org/10.4236/wja.2013.32013


T. G. Apata et al. 
 

 
222 

[6] Annan, K. (2001) A Call to Action against HIV/AIDS, with Five Clear Objectives: Being an Address Presented to the 
United Nations to the World Health Assembly Geneva, May, 2001. 

[7] Population Reports (2001) Youth and HIV/AIDS; Can We Avoid the Catastrophe? A Publication of John Hopkins 
University, 29, 1-35. 

[8] Apata, T.G., Omidiji, J. and Adegbola, T. (2004) Youth and HIV/AIDS in Nigeria. Paper Presented at the Conference 
of “Inform Package” Training on Data Sieving and Transfer for TDF (Clinical Drug Trials) of HIV/AIDS Prevention 
and Safety Project Phase 2, Sponsored by Family Health International (FHI) on 25-28 April 2004, Tema. 

[9] Diro, E., Lynen, L., Gebregziabiher, B., Assefa, A., Lakew, W., Belew, Z., Hailu, A., Boelaert, M. and van Griensven, 
J. (2015) Clinical Aspects of Pediatric Visceral Leishmaniasis in North-West Ethiopia. Tropical Medicine and Interna-
tional Health, 20, 8-16. http://dx.doi.org/10.1111/tmi.12407  

[10] World Bank (1997) Intensifying Action against HIV/AIDS in Africa. Responding to a Development Crisis. 
[11] Bloom, D., Canning, D. and Sevilla, J. (2001) The Effect of Health on Economic Growth, Theory and Evidence. 

NBER, Working Paper No. 8587. 
[12] Du Jacques, G. (2001) Agriculture and HIV/AIDS in Africa: Can Agricultural Sector Make a Difference. FAO, Rome. 
[13] Seeley, J., Dercon, S. and Barnett, T. (2010) The Effects of HIV/AIDS on Rural Communities in East Africa: A 

Twenty-Year Perspective. Tropical Medicine and International Health, 15, 329-335. 
http://dx.doi.org/10.1111/j.1365-3156.2009.02458.x 

[14] UNICEF (2014) Nutrition: Definitions of the Indicators. http://www.unicef.org/infobycountry/stats_popup2.html 
[15] Ross, D. and Ferguson, B. (2006) HIV/AIDS in Young People: A Systematic Review of the Evidence from Developing 

Countries. WHO, Geneva. 
[16] David, A. and Carmen, C. (2010) Exploring the Links between HIV/AIDS, Social Capital and Development. Journal 

of International Development, 22, 941-961. http://dx.doi.org/10.1002/jid.1707 
[17] Taylor, B., Bukenya, D., Asten, P., Ago, D., Pain, A. and Seeley, J. (2011) Review: The Impact of HIV on Agricultural 

Livelihoods in Southern Uganda and the Challenges of Attribution. Tropical Medicine and International Health, 16, 
324-333. http://dx.doi.org/10.1111/j.1365-3156.2010.02703.x 

[18] FAO (2001) The Effects of HIV/AIDS on Farming Systems in Eastern Africa. FAO, Rome. 
[19] Acemoğlu, D. (2008) Growth with Overlapping Generations. In: Acemoğlu, D., Ed., Introduction to Modern Economic 

Growth, Princeton University Press, Princeton, 327-358. 
[20] Romer, D. (2006) Infinite-Horizon and Overlapping-Generations Models. In: Romer, D., Ed., Advanced Macroeco-

nomics, 3rd Edition, McGraw Hill, New York, 47-97. 
[21] David, C. (1972) On Capital over Accumulation in the Aggregative Neoclassical Model of Economic Growth: A Com-

plete Characterization. Journal of Economic Theory, 4, 200-223. http://dx.doi.org/10.1016/0022-0531(72)90149-4 
[22] Bell, C. and Gersbach, H. (2002) Child Labour and the Education of a Society. Alfred Weber Institute, University of 

Heidelberg, Heidelberg. 
[23] Charalambos, D., Brown, D.J. and Burkinshaw, O. (1988) The Overlapping Generations Model. In: Charalambos, D., 

Brown, D.J. and Burkinshaw, O., Eds., Existence and Optimality of Competitive Equilibria, Springer-Verlag, Berlin, 
229-271. 

[24] Galor, O. (1992) A Two-Sector Overlapping-Generations Model: A Global Characterization of the Dynamical System. 
Econometrica, 60, 1351-1386. 

[25] Diamond, P. (1965) National Debt in a Neoclassical Growth Model. American Economic Review, 55, 1126-1150. 
[26] Jayne, T.S., Villarreal, M., Pingali, P. and Hemrich, G. (2004) Interaction between the Agricultural Sector and the 

HIV/AIDS Pandemic: Implications for Agricultural Policy. Michigan State University, International Development Pa-
per No. 25. 

[27] FAO (2003) HIV/AIDS and Agriculture: Impacts and Responses. Case Studies from Namibia, Uganda and Zambia. 
FAO, Rome. http://www.fao.org/sd/2003/PE12013_en,htm  

[28] Dawn, C., Parker, I., Kathryn, H., Jacobsen, T. and Komwa, M. (2009) A Qualitative Study of the Impact of HIV/ 
AIDS on Agricultural Households in South-Eastern Uganda. International Journal of Environmental Research and 
Public Health, 6, 2113-2138. http://dx.doi.org/10.3390/ijerph6082113 

[29] Barnett, T. (1994) The Effects of HIV/AIDS on Farming Systems and Rural Livelihood in Uganda, Tanzania and 
Zambia. Final Report to Food and Agricultural Organization, Norwich. 

[30] Okonkwo, J.E. and Obionu, C. (2002) Sourceas of Sexual Information and Its Relevance to Sexual Behaviour in Nige-
ria. West Africa Journal of Medicine, 21, 185-187. 

http://dx.doi.org/10.1111/tmi.12407
http://dx.doi.org/10.1111/j.1365-3156.2009.02458.x
http://www.unicef.org/infobycountry/stats_popup2.html
http://dx.doi.org/10.1002/jid.1707
http://dx.doi.org/10.1111/j.1365-3156.2010.02703.x
http://dx.doi.org/10.1016/0022-0531(72)90149-4
http://www.fao.org/sd/2003/PE12013_en,htm
http://dx.doi.org/10.3390/ijerph6082113


T. G. Apata et al. 
 

 
223 

[31] FASAZ, Farming System Association of Zambia (2003) Inter-Linkages between HIV/AIDS, Agricultural Production 
and Food Security. Integrated Support to Sustainable Development and Food Security Programme, FAO, Rome. 

[32] Bell, C., Devarajan, S. and Gersbach, H. (2003) Long Run Economic Cost of HIV/AIDS. Theory and Application to 
South Africa. Report Posted on Development Gateway. www.developmentgateway.org 

[33] Hacker, M. (2009) Impact of and Responses to HIV/AIDS: Public Policy Challenges. In: Lule, E., Seifman, R. and 
David, A.C., Eds., The Changing HIV/AIDS Landscape, World Bank, Washington DC, 73. 

[34] World Health Organization (2014) Global Database on Child Growth and Malnutrition. 
http://www.who.int/nutgrowthdb/about/introduction/en/index5.html 

[35] US Census Bureau (2003) The AIDS Pandemic in the 21st Century. Report for XIV International Conference on AIDS, 
Barcelona, 7-12 July 2002. 

[36] World Bank (2001) Multi-Country HIV/AIDS Program for Africa, HIV/AIDS Campaign Team for Africa. World Bank, 
Washington DC. 

[37] Oppong, J.R. and Agyei-Mensah, S. (2004) HIV/AIDS in West Africa: The Case of a Senegal, Ghana, and Nigeria. In: 
Kalipeni, E., Cradock, S., Oppong, J.R. and Ghosh, J., Eds., HIV/AIDSA in Africa: Beyond Epidemiology, Blackwell, 
Oxford, 70-82. 

[38] Masuku, M.B., Kibirige, D. and Singh, A.S. (2015) Impact of HIV/AIDS on Agricultural Production in Swaziland: 
Strategies for Mitigation. International Journal of Economics, Commerce and Management, 3, 27. 

[39] Loevinsohn, M. and Gillepie, S. (2003) HIV/AIDS, Food Security and Rural Livelihoods: Understanding and Res-
ponding. Discussion Paper 157, Food Consumption and Nutrition Division, International Food Policy Research Insti-
tute, Washington DC. 

[40] UNAIDS Update (2006) Joint Report of Global Estimates of HIV/AIDS, Update. 
www.unaidswho_aids/globalestimates.htm 

[41] McPherson, M. and Zinnes, C.F. (1991) Economic Retrogression in Sub-Saharan Africa. Proceedings of the Northeast 
Universities Economic Development Consortium Conference, Cambridge, MA, 20 October 1991, 34. 

[42] Olayemi, J.K. (1998) Elements of Applied Econometrics. Elshaddai Global Ventures Ltd., Ibadan. 
[43] Herath, P.H. and Takeya, H. (2003) Factors Determining Intercropping by Rubber Small Holders in Sri-Lanka: A Logit 

Analysis. Agricultural Economics, 29, 159-168. http://dx.doi.org/10.1111/j.1574-0862.2003.tb00154.x 
[44] Masuku, M.B. and Sithole, M.M. (2009) The Impact of HIV/AIDS on Food Security and Household Vulnerability in 

Swaziland. Agrekon, 48, 1-23. 
[45] Gillespie, S., Haddad, L. and Jackson, R. (2001) HIV/AIDS, Food and Nutrition Security: Impacts and Actions. In: 

Nutrition and HIV/AIDS, Nutrition Policy Paper No. 20, Administrative Committee on Coordination/Subcommittee on 
Nutrition, United Nations, Geneva, 74. 

[46] Asenso-Okyere, K., Aragon, C., Thangata, P., Andam, K. and Ayalew-Mekonnen, D. (2010) HIV and AIDS and Farm 
Labor Productivity: A Review of Recent Evidence in Africa. Journal of Development and Agricultural Economics, 2, 
406-415. 

[47] Van Liere, M.J. (2001) HIV/AIDS and Food Security in Sub-Saharan Africa. Proceedings of the 7th Annual ECOWAS 
Nutrition Forum, Banjul, 2-6 September 2001, 63. 

[48] Negin, J. (2005) Assessing the Impact of HIV/AIDS on Economic Growth and Rural Agriculture in Africa. Journal of 
International Affairs, 58, 267-281. 

[49] Donovan, C. and Bailey, L.A. (2006) Understanding Rwandan Agricultural Households’ Strategies to Deal with Prime- 
Age Illness and Death. In: Gillespie, S., Ed., AIDS, Poverty, and Hunger: Challenges and Responses, International 
Food Policy Research Institute, Washington DC, 109. http://dx.doi.org/10.2499/0896297586CH6 

[50] Mills, J.A. and Zandvakili, A. (1997) Statistical Inference via Bootstrapping for Measures of Inequality. Journal of 
Applied Econometrics, 2, 133-150. 
http://dx.doi.org/10.1002/(SICI)1099-1255(199703)12:2<133::AID-JAE433>3.0.CO;2-H 

[51] Andersen, C.J. (2004) Making Inferences about Polarizations, Welfare and Poverty. A Study of 101 Countries from 
1970-1994. Journal of Applied Econometrics, 19, 537-550. 

[52] Slater, R. and Wiggins, S. (2005) Responding to HIV/AIDS in Agriculture and Related Activities. Natural Resource 
Perspectives 98, Overseas Development Institute, London. 

[53] Paudel, L. (2004) Analysis of the Relationship between Poverty and Income Inequality in Alabama, USA. The Use of 
Two-Stage Least Squares Method. Unpublished Master’s Thesis, Department of Agricultural Business, Alabama Uni-
versity, Tuscaloosa, 169 p. 

[54] Scherr, S.J. (1999) Poverty—Environment Interactions in Agriculture: Key Factors and Policy Implications. Paper 

http://www.developmentgateway.org/
http://www.who.int/nutgrowthdb/about/introduction/en/index5.html
http://www.unaidswho_aids/globalestimates.htm.%20Accessed%2018th%20September%202007
http://dx.doi.org/10.1111/j.1574-0862.2003.tb00154.x
http://dx.doi.org/10.2499/0896297586CH6
http://dx.doi.org/10.1002/(SICI)1099-1255(199703)12:2%3c133::AID-JAE433%3e3.0.CO;2-H


T. G. Apata et al. 
 

 
224 

Prepared for the United Nations Development Programme, UNDP, New York. 
[55] Booysen, F. le R. (2004) HIV/AIDS, Poverty and Risky Sexual Behaviour in South Africa. African Journal of AIDS 

Research, 3, 57-67. http://dx.doi.org/10.2989/16085900409490319 
[56] Baiyegunhi, L.J.S. and Makwangudze, K.E. (2013) Home Gardening and Food Security Status of HIV/AIDS Affected 

Households in Mpophomeni, KwaZulu-Natal Province, South Africa: School of Agricultural, Earth and Environmental 
Sciences—University of Kwa Zulu-Natal. Journal of Human Ecology, 44, 1-8. 

[57] Tibaijuka, A.K. (1997) AIDS and Economic Welfare in Peasant Agriculture, Case Studies from Kagabiro Village, Ka-
gera Region, Tanzania. World Development, 25, 963-975. 

[58] Ellis, F. (1998) Household Strategies and Rural Livelihood Diversification. Journal of Development Studies, 35, 1-38. 
http://dx.doi.org/10.1080/00220389808422553 

[59] Grootaert, C. (1997) The Determinants of Poverty in Cote d’ivorie in the 1980s. Journal of African Economies, 6, 169- 
196. http://dx.doi.org/10.1093/oxfordjournals.jae.a020925 
 

http://dx.doi.org/10.2989/16085900409490319
http://dx.doi.org/10.1080/00220389808422553
http://dx.doi.org/10.1093/oxfordjournals.jae.a020925

	Agricultural Sector and HIV/AIDS Pandemic in Africa: The Economic Retrogression Model
	Abstract
	Keywords
	1. Introduction
	1.1. Problem Statement
	1.2. Limitations of the Study

	2. Methodology
	2.1. Overlapping Generation (OLG) Model
	2.2. The Model Specification
	2.3. Modeling
	2.4. List of Independent Variables and Measurements
	2.5. Economic Retrogression Model
	2.6. Simultaneous Equation Model
	2.7. Area of Study
	2.8. Method of Data Collection
	2.9. Sampling Procedure

	3. Results and Discussion
	3.1. Overlapping Generation (OLG) Model, Results and Discussions
	3.2. Economics Retrogression Model
	3.3. Consequences of Retrogression
	3.4. Macroeconomic Impact of HIV/AIDS
	3.5. Simultaneous Equation Regression Model Results
	3.6. Hausman Specification Test
	3.7. Potential Implications of HIV/AIDS for Agricultural Policy

	4. Conclusions
	References

