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ABSTRACT 

The stochastic frontier production function is used to estimate agricultural efficiency index. Then, 
controlling for household characteristics and other exogenous variables, the efficiency index is regressed 
on the probability of being sick. Estimation is performed using the treatment effect model where the 
probability of being sidelined by sickness is modeled as a probit. This framework allows policy 
simulations that underscore the impact of farmers’ health status on both agricultural efficiency and 
poverty reduction. Overall, regression results confirm the negative impact of health impediment on 
farmers’ agricultural efficiency. Simulation results show that improving farmers’ agricultural efficiency 
by investing in farmers’ health may not necessarily lead to poverty reduction. Additional policy 
instruments may be needed to achieve simultaneous increase in agricultural productivity and reduction in 
poverty rate.  
 

Keywords: Health, Agriculture, Productivity, Poverty, Farmer, Efficiency, Stochastic, Production 
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1. INTRODUCTION 

The literature linking health to labor productivity is built on the concepts of household production theory 
developed by Becker (1965). In Becker’s framework, households are treated also as producers of 
“commodities” instead of solely consumers of goods and services. This framework was extended by 
Grossman (1972, 1999) to analyze the demand for health. In Grossman’s model, health is viewed as a 
durable capital stock that yields an output of healthy time. Individuals are endowed with an initial amount 
of this stock that depreciates over time and can be increased by investment. By investing in health, 
households expect to increase the stock of available healthy time, which will increase the amount of time 
available for earning income or for producing consumption goods. Extending traditional agricultural 
household models, Pitt and Rosenzweig (1986) developed a framework that allows the evaluation of the 
impact of change in health on productivity, labor supply, and overall farmer income. Pitt and 
Rosenzweig’s extension involves incorporation of a health variable into the utility function and 
introduction of an explicit production technology for health. 

Health as a capital good can either improve or reduce households’ productive ability. A study of 
women farmers in mixed cropping systems found that the vast majority suffered from intense muscular 
fatigue, heat exhaustion, and skin disorders, forcing them to take days off from attending to crops (Cole 
2006). Poor health will result in a loss of days worked or in reduced worker capacity, which, when family 
and hired labor are not perfect substitutes or when there are liquidity constraints, is likely to reduce output 
(Antle and Pingali 1994). For example, prolonged exposure to pesticides could cause cardiopulmonary 
problems, neurological and hematological symptoms, and adverse dermal effects (Spear 1991), which 
could significantly hamper farmers’ work capacity in the field and reduce their management and 
supervision abilities.  

As pointed by the World Bank (2007), illness and death from HIV/AIDS, malaria, tuberculosis, 
and other diseases reduce agricultural productivity through the loss of labor, knowledge of productive 
adults, and assets to cope with illness. For Lipton and de Kadt (1988), the lack of coordination of 
policymaking between agriculture and health undermines efforts to overcome ill health among the rural 
poor and gives short shrift to agriculture’s role in alleviating many of the world’s most serious health 
problems.  

The relationship between agricultural efficiency and poverty goes both ways. As pointed out by 
Hawkes and Ruel (2006), in agricultural communities, poor health reduces income and productivity, 
further decreasing people’s ability to address poor health and inhibiting economic development. Higher 
agricultural productivity affects family earnings and nutrition, which in turn improves labor productivity 
and results in better health and well-being (Oshaug and Haddad 2002). The relatively low level of 
endowments in farming assets that characterizes poor households can significantly impede agricultural 
efficiency. In Pakistan, Ahmad (2003) found that production elasticity of land is substantially higher for 
rich farmers compared with poor farmers. 

This paper intends to address some policy-relevant questions such as (1) What is the poverty-
elasticity of change in household income induced by health improvement? (2) How different is the effect 
of health improvements on inputs productivity, output, per capita income, and poverty? (3) How does 
illness affect the distribution of labor supply within households? (4) Is the impact of health impediment 
similar across different sources of income?  

In addition to a comprehensive nonparametric analysis, the parametric approach followed in this 
paper consists in estimating first a stochastic frontier production function from which the agricultural 
efficiency index is computed. Second, controlling for household characteristics and other exogenous 
variables, the efficiency index is regressed on the probability of being sick. Regression is performed using 
the treatment effect model where the probability of being sidelined by sickness is modeled as a probit.  

The rest of the paper is organized as follows: In the Section 2, the analytical framework where 
households appear as both producers and consumers is presented. The expected impact of farmers’ health 
status on poverty via household income is explicitly derived. Section 3 presents empirical findings from 
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previous studies. In Section 4, the stochastic production frontier approach and the treatment model are 
presented. Data and nonparametric analysis are described in Section 5. Estimation and simulation results 
are discussed in Section 6. Concluding remarks are presented in the final section. 
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2. PREVIOUS FINDINGS 

The importance of the role of health in promoting economic development has been highlighted by Sachs 
(2001) in the Report of the Commission on Macroeconomics and Health. Indeed, improvements in health 
care increase the productivity of labor, especially if people switch from low-productivity jobs to high-
productivity jobs as their health improves. In particular there is strong evidence that growth in early 
industrialized countries was associated with significantly increased caloric intake and therefore greater 
height and body mass (Fogel 1994, 2004). In addition, healthiness interacts positively with schooling; 
healthy children learn more in school and are more likely to stay in school (Bhargava et al. 2001; Miguel 
and Kremer 2004). In addition, improved levels of human capital may increase the rate of return to further 
investments in human capital. This is particularly true of increases in life expectancy; people who expect 
to live longer earn the returns to education over a longer period of time. Lleras-Muney and Jayachandran 
(2007) report that decreases in maternal mortality led Sri Lankan girls to stay in school longer; the 
reduced probability of dying in childbirth increased the return to schooling by increasing life expectancy 
for girls. At the micro level, empirical evidence of the link between health and agricultural productivity 
results from the implementation of agricultural household models as extended by Pitt and Rosenzweig 
(1986). As pointed out by Hawkes and Ruel (2006), in agricultural communities, poor health reduces 
income and productivity, further decreasing people’s ability to address poor health and inhibiting 
economic development. Using cross-section data on hoe-cultivating farm household data from Sierra 
Leone, Strauss (1986) investigates the efficiency wage hypothesis, or the relationship between nutritional 
quality and agricultural productivity. He finds that “effective family labor,” which is a function of actual 
labor and per capita daily calorie intake, is a significant input in the production process. His study shows a 
highly significant effect of calorie intake on labor productivity. Working with panel data from rural South 
India, Deolalikar (1988) does not find similar results. Neither market wages nor farm output is observed 
to be responsive to changes in the daily energy intake of workers. However, both are highly elastic with 
respect to weight-for-height.  

Combining production data from farm-level survey and health data from the same population of 
farmers in two rice-producing regions of the Philippines, Antle and Pingali (1994) find that pesticide use 
has a negative effect on farmer health, while farmer health has a significant positive effect on 
productivity. In Ethiopia, Croppenstedt and Muller (2000) found evidence of a significant link between 
health and nutritional status and agricultural productivity. Their results show that the distance to the 
source of water as well as nutrition and morbidity status affect agricultural productivity; elasticities of 
labor productivity with respect to nutritional status are very significant. The results also show a large 
scope for productivity improvement through better nutrition.  

Estimating the worker productivity benefits of health, Audibert and Etard (2003) use a quasi-
experimental design along with a generalized linear model for longitudinal data. Contrary to Pitt and 
Rosenzweig (1986), Audibert and Etard assume that the family members and the hired labor who are 
working in the fields are imperfect substitutes because of the cost of hired labor and the low agricultural 
yield. They observed an increase of 26 percent of the production per family labor person-day in the 
experimental group relative to the control group. Their results also suggest that agricultural households 
prefer to utilize the additional time available to them for leisure activities or for cultivating crops other 
than those currently under cultivation. 

Analyzing productivity and attendance of tea estates in western Kenya, Fox et al. (2004) found 
that HIV-positive workers plucked between 4.11 and 7.93 kilograms per day less in the last year and a 
half before termination. Compared with non-HIV-positive pluckers, HIV-positive workers used between 
9.2 and 11.0 more sick leave days, between 6.4 and 8.3 more annual leave days, between 11.8 and 19.9 
more casual leave days, and spent between 19.2 and 21.8 more days doing less strenuous tasks in the two 
years before termination. Tea pluckers who terminated because of AIDS-related causes earned 16.0 
percent less in their second year before termination and 17.7 percent less in the year before termination. 
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In a Côte d’Ivoire study of farmers engaged in intensive vegetable production, Girardin et al. (2004) 
found that malaria sufferers produced about half the yields and half the incomes that healthy farmers did. 

Kim, Tandon, and Hailu (1997) analyzed the impact of onchocercal skin disease (OSD) on 
productivity at a coffee plantation in southwest Ethiopia. Their results revealed that permanent male 
employees, the core of the plantation labor force, suffer significant losses in economic productivity (in the 
form of lower daily wages earned) as a result of OSD. Depending on the severity of OSD, and controlling 
for such factors as age, daily wages were 10 to 15 percent lower among those exhibiting skin-related 
problems. Relatively older (35+) permanent male employees have the biggest OSD-related loss in 
economic productivity in terms of diminished earnings and an adversely impacted labor supply.  
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3. ANALYTICAL FRAMEWORK 

As pointed out earlier, following Becker’s framework, consumption or labor supply analysis of 
agricultural households must account for the interdependence between household production and 
consumption decisions. To account for the sequential nature of agricultural households’ decision-making 
processes, Singh, Squire, and Strauss (1986) propose a recursive analytical model with profit- and utility-
maximizing components. More specifically, every household is assumed to maximize a utility function of 
the following form: 

 lma CCCUU ,, ,  (1) 

where the commodities comprise an agricultural staple  aC , a market-purchased good  mC , and leisure 

 lC . Utility is maximized subject to a cash income constraint, 

    EXwLLwCQpCp x
f

aaamm 
,  (2) 

where mp and ap are respectively the prices of the market-purchased commodity and the staple; aQ is the 

household’s production of the staple; w is the market wage; L is total labor inputs; fL is family labor 

input (so that fLL  , if positive, is hired labor, meaning that family labor alone is not sufficient to cover 
the need for agricultural labor; and if negative, is off-farm labor, meaning the supply of family labor is 
higher than needed for farming activities); X is a variable input (for example, fertilizer); xw is the 

variable input’s market price; and E is any nonlabor, nonfarm income such as remittance. 
Every household also faces a time constraint; it cannot allocate more time to leisure, on-farm 

production, or off-farm employment than the total available amount of time (T ). Welch (1970) suggests 
that household farm management ability should be reflected in both the technical efficiency of the 
production process and the allocative efficiency of input and output decisions. Accordingly, the total 
stock of household time available for farm production ( fL ) is divided between management M and field 
work F . Following Bliss and Stern (1978) and Antle and Pingali (1994), effective management input is 
given by 

   MImMIM e , , 0 Im ,  (3) 

where I is the index of health impairment. Similarly, effective family labor input is given by 

   FIfFIF e , , 0 If .  (4) 

Total effective field labor is then eee HFL  , where eH is hired labor. The household faces a 
production constraint or production technology that links inputs and farm output as follows: 

 ZMLXQQ ee
a ,,,

,  (5) 

where Z represents fixed inputs such as land and capital. 

After allocating the amount of time available, each farmer is assumed to choose X, eH , F, and M to 
maximize net returns 

  e
x

ee
a wHXwZMLXQp  ,,,

1,  (6) 

                                                      
1 The marginal value of family labor is equated to the hired wage rate. In competitive labor market equilibrium, the 
hired wage is also equal to the net off-farm wage, and thus the marginal value of family labor is equalized across all 
farm and nonfarm production and leisure activities (Antle and Pingali 1994). 
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subject to 

MFT p  , 
eee HFL  .  (7) 

Hence,  

    ZMIMHFIFXQQ eee
a ,,,,, 

,  (8) 

so that the overall effect of illness on production is given by  

0














I

F

F

Q

I

M

M

Q
IQ

e

e

e

ea
.   (9) 

Theoretically, the decrease in production is due to reduced effective management input and effective 
family labor input. However, the comparative static effects of illness I on actual family labor inputs Me 
and Fe and on other inputs are not straightforward (Antle and Pingali 1994): (1) The effect of lower 
overall productivity may be partially offset by the substitution of hired labor or other inputs for family 
labor input; (2) the allocation of family labor to management and field labor depends on the relative 
marginal productivities of management and field labor and the relative impacts of illness on the ability to 
perform field labor and management tasks. 

Pitt and Rosenzweig (1986) conclude that production performance is independent from change in 
farmers’ health only if inputs markets are perfect and there is no missing market for any of the consumed 
commodities or inputs in health production. As for farmers’ income, no prediction is possible because the 
effect of the health environment on the farmers’ work time depends on the properties of unknown utility 
function as well as on the characteristics of the health production and efficiency labor functions. 

The difficulty to predict change in income as a result of change in health environment implies that 
change in poverty induced by sickness-related shock cannot be exactly predicted. To see this, following 
Besley and Kanbur (1988), let us express FGT  indexes as follows: 

   dyyf
z

yz
P

z
T



  



 


0 ,  (10) 

where z is the poverty line;       ZMIMHFIFXyy eee
TT ,,,,,,  is the total household income 

(see equation 2); and  yf  is the density function of income. Hence, the marginal effect of change in 

health impediment I on poverty index P can be derived as 

   dyyf
z

yz

I
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, (11) 

or 
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It follows that 
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4. EMPIRICAL MODEL 

Apart from Croppenstedt and Muller (2000), most of the previous empirical works on the relationship 
between farmers’ health status and agricultural productivity do not account for inefficiency in the 
production process. For policymaking purposes, it is important to separate the loss in production due to a 
decrease in the quantity of inputs from the loss induced by inefficiency as a result of farmers’ health 
status. Accordingly, I assume a stochastic production frontier of the following form (Battese and Coelli 
1995; Kumbhakar and Lovell 2000): 

   ,exp, iiii xfq    (14) 

where Ni ,...,1  and indexes farmers, iq is a  1n  vector of output for farmer i, xi is a  k1  vector 

of associated inputs,  is a  1k  vector of unknown parameters to be estimated, and i  represents 

farmer i’s level of efficiency, with 10  i . If i  = 1, the farmer is achieving the optimal output under 

technology  ,ixf . However, if 10  i , then farmer i is not making the most of the inputs (xi) and 

therefore the level of production is suboptimal. In addition, the farmer’s production activity is subject to a 

stochastic shock  2,0~  Ni .  

In log form, equation (10) can be written as 

ii

k

j
ijji xq   





lnlnln
1

1
0

.  (15) 

Let iiu ln ; therefore, it follows that 

ii

k

j
ijji uxq   





1

1
0 lnln

,  (16) 

where 
 2,0~ 

Nui , and  u . 

To capture the impact of health impediment on agricultural efficiency, the treatment model developed by 
Maddala (1983) is applied using the maximum likelihood estimation approach. Explicitly, farmers’ 
agricultural efficiency is modeled as follows: 

iiii hz   ,  (17) 

where iz is the vector of exogenous variables influencing farmers’ efficiency. The binary variable ih  

represents farmers’ health status, which stems from an unobservable latent health variable 
ih according to 

the following rule: 



 




otherwise ,0

0 if ,1 i
i

h
h

,  (18) 

where iii wh   , and i and i are bivariate normal with mean zero and covariance matrix given by 









1


. 

Vector iw includes policy instruments that influence agriculture output through farmers’ health status and 

efficiency level. In other words, 
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From equation (10), it is clear that 0 iiq  , and by assumption, 0 ii h . Thus,  
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5. DESCRIPTIVE ANALYSIS 

I use an asset-based measure of poverty, the DHS wealth index (see Rutstein and Kiersten 2004 for 
details), to highlight the difference in living standards between rural and urban areas in Ethiopia. This 
asset-based measure of poverty includes household assets such as type of flooring, ownership of 
refrigerator, water supply, type of vehicle, sanitation facilities, number of people per sleeping room, 
electricity, ownership of agricultural land, telephone, radio, and domestic servant. In the case of Ethiopia, 
as shown in Figure 1, the distribution of wealth index confirms the existence of significant disparity in 
living standards between urban and rural areas in Ethiopia. Indeed, among the poorest, only 0.7 percent 
live in urban areas against 99.3 percent in rural areas. On the contrary, only 25.3 percent of the richest 
households live in rural areas compared with 74.7 percent in urban areas.  

Figure 1. Wealth index between urban and rural areas (%) 

 
Source: Author’s calculation from Ethiopian Demographic and Health Survey 2005 (Central Statistical Agency [Ethiopia] and 
ORC Macro 2006) 

Inequality is also found in educational attainment. For example, in education (Figure 2), 88.3 
percent of uneducated Ethiopians live in rural areas and 11.7 percent in urban areas. While 76.2 percent 
and 92.2 percent of the population with secondary and higher education, respectively, live in urban areas, 
only 23.8 percent and 7.8 percent respectively live in rural areas.  
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Figure 2. Educational attainment between urban and rural areas (%) 

 
Source: Author’s calculation from Ethiopian Demographic and Health Survey 2005 
 

The BMI (body mass index) is used to evaluate nutritional status between rural and urban areas. 
The BMI is defined as weight in kilograms divided by height in meters squared (kg/m2). A cutoff point of 
18.5 is used to define thinness or acute undernutrition, and a BMI of 25 or above usually indicates 
overweight or obesity. As shown in Figure 3, across regions, the average BMI index is within the cutoff 
points. However, it is clear that compared with urban areas, rural areas are consistently at the lower end of 
the scale, suggesting higher risk in terms of health degradation.  

Figure 3. Body mass index (BMI) between urban and rural areas. 

 
 
Source: Author’s calculation from Ethiopian Demographic and Health Survey 2005 
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Data used for estimation are from the Ethiopian Rural Household Survey (ERHS) conducted in 
1999. The survey is a longitudinal household data set covering households in a number of villages in rural 
Ethiopia since 1989. In this paper, I use the data from the fifth round. These data have been made 
available by the Economics Department of Addis Ababa University, the Centre for the Study of African 
Economies at the University of Oxford, and the International Food Policy Research Institute.  

The fifth round of the survey included about 1,500 rural households living in 20 peasant 
associations. Of these households, 80.4 percent are headed by males. Farming (77.6 percent) and 
domestic work (14.9 percent) are the main activities among surveyed households. For those involved in 
agriculture, each household produces on average 353.3 kg of agricultural output a year, of which about 
80.0 percent is sold. Overall, fertilizer and pesticides application, along with pruning, consumed 10.4 
percent of the time available. Of the remaining time, 21.4 percent was used for clearing, land preparation, 
and planting; 7.2 percent for transportation of output to the storage facility, 13.4 percent for harvesting; 
16.7 percent for weeding; 12.6 percent for guarding the crops, and 18.3 percent for shelling, leveling, and 
threshing. Of all working hours directly imputable to family labor (89.6 percent), males account for 72.9 
percent of agricultural labor force, compared with 18.3 percent for females and 8.8 percent for children. 
Households spent almost 35 percent of their annual income in acquiring agricultural inputs. Fertilizer 
alone accounts for 55.7 percent of the total inputs expenses, compared with 23.8 percent for hired labor, 
13.1 percent for seed, and 3.2 percent for herbicides. 

Land quality is not evenly distributed across locations. Indeed, most farming activities on flat 
land are concentrated in Amhara and Oromiya. About 70 percent of farming activities on land with steep 
slopes is encountered in Tigray. As expected, the difference in land quality leads to a great deal of 
heterogeneity in land productivity. As for overall productivity, farmers realize 94.3 kilograms per hectare 
(kg/ha) on flat land, compared with 79.7 kg/ha on gentle slope land, and 69.2 kg/ha on steep slope land. 
Across locations, the Southern Nations, Nationalities, and People’s Region (SNNPR), comprising peasant 
associations Gara Godo–Areka and Domma, emerges as the more productive with 161.1 kg/ha, followed 
by Oromiya (102.5 kg/ha). In all other regions, land productivity falls below 100 kg/ha. 

Data also suggest that 60.8 percent of surveyed households live below the poverty line.2 In other 
words, about 60 percent of households cannot afford the average cost of food expenses. Poor households 
produce on average 279.3 kg of overall agricultural output, compared with 415.1 kg for nonpoor 
households. The results also suggest that poor households are less productive than their nonpoor 
counterparts. They produce 26.4 kg per unit of fertilizer used, versus 30.8 kg for nonpoor households. 
Agricultural output per hectare of land is higher among the nonpoor households (105.4 kg/ha) than among 
the poor (80.7 kg/ha). Similarly, productivity per animal (days worked) favors nonpoor households (10.8 
kg/animal) compared with poor households (7.6 kg/animal). Even labor productivity is higher among 
nonpoor households (11.8 kg) than among poor households (8.4 kg).  

Among households that suffered from sickness, about 39 percent declared having a problem 
hoeing fields. On average, sickness led to a loss of 33 person-days of farming activity per year. Because a 
household member was ill at critical periods of farming activity, 17.8 percent of households experienced 
output loss.  

Table 1. Sickness and labor supply by agricultural tasks (hours/person-day) 

 Not affected by sickness Affected by sickness 

Clearing  1.50 1.54 

Land preparation  4.28 4.07 

Planting  2.32 2.10 

Shelling  4.43 7.22 

Leveling  0.61 0.54  

                                                      
2 I use the average per capita food consumption expenditure as a lower bound poverty line.  
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Table 1. Sickness and labor supply by agricultural tasks (hours/person-day) (continued) 

 Not affected by sickness Affected by sickness 

Threshing  5.19  7.82 

Weeding  6.68  6.78 

Guarding  12.14  9.95 

Pruning  0.10  0.18 

Harvesting  4.88  8.91 

Source: Author’s calculation from 1999 ERHS.  

The results in Table 1 suggest that farmers affected by sickness take longer to accomplish 
agricultural tasks than do farmers not affected by sickness. Activities such as clearing, shelling, threshing, 
weeding, and harvesting appear to be more time-consuming for affected farmers than for those who were 
not affected by sickness. Activity such as guarding the crops probably requires healthy bodies, which may 
explain why time devoted by farmers not affected (12.1 hours) is higher than time allocated by farmers 
affected by sickness (9.9 hours). Analysis within households (Figure 4) does not indicate a significant 
decline in the time spent on the field for households affected by sickness. However, child labor is almost 
two times higher among households affected by sickness compared with those not affected.  

Figure 4. Labor supply and sickness (hours/person-day3) during meher and belg farming seasons. 

40.1
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40.2
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0
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4
0

Not affected by sickness Affected by sickness
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Source: Author’s calculation from 1999 ERHS.  

                                                      
3 Time allocated to inputs applications is not included. 
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Table 2. Time allocated to inputs applications and machine use (hours/person-day) during meher 
and belg farming seasons. 

 Not affected by sickness Affected by sickness 

Fertilizer  50.17 26.60  
Pesticide  0.08 0.08  
Shilshalo4  0.57 0.44  
Tractor  0.27 0.17  
Harvester  0.21 0.11  

Source: Author’s calculation from 1999 ERHS.  

Whenever agricultural tasks involve inputs applications or the use of machines, farmers affected 
by sickness tend to supply much less time compared with nonaffected farmers (see Table 2). An 
illustration is given by the application of fertilizer, where nonaffected farmers devoted on average 50.2 
hours compared with 26.6 hours for farmers affected by sickness. Although overall labor supply does not 
decline because of sickness, the difference in time devoted to inputs applications and use of machines 
might explain the observed loss of productivity due to illness. 

Figure 5. Agricultural productivity (kg per unit of input) 
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Source: Author’s calculation from 1999 ERHS.  

                                                      
4 Shilshalo, or thinning, consists of turning the soil, both to aerate plant roots and to reduce the plant 
population to the required density. It involves the use of oxen. 
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Results in Figure 5 show that with respect to all major agricultural inputs, agricultural 
productivity is systematically higher for farmers not affected by sickness than for those affected. Still, the 
difference in labor productivity between the two groups is the least significant, only 0.1 kg per unit of 
labor. This is probably due to farmers’ ability to compensate for loss in efficiency labor due to illness by 
increasing child labor. The latter should raise a concern considering the impact of increasing child labor 
on child schooling. 

The survey data reveal that farmers not affected by sickness earned an average income of 669.1 
birr, compared with 697.2 birr for those affected by sickness. As pointed out by Pitt and Rosenzweig 
(1986), the prediction of the impact of farmers’ sickness on income is not straightforward. In addition, the 
results suggest that sick farmers are less productive than nonsick farmers; however, because of possible 
heterogeneity in output and inputs prices facing both sick and nonsick farmers, an advantage in 
productivity may not necessarily translate into an advantage in income. As shown in Figure 6, unlike off-
farm and livestock incomes, farming does not decline because of illness. The results suggest that sickness 
would prevent farmers from undertaking off-farm activities and caring for their livestock in a productive 
fashion. This should be a concern, given that off-farm and livestock incomes account for 43.5 percent and 
3.6 percent of total household income. 

Figure 6: Sickness and household incomes (birr) 
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Source: Author’s calculation from 1999 ERHS.  
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6. ESTIMATION AND SIMULATION RESULTS 

In addition to the above descriptive analysis, a Cobb-Douglas stochastic production frontier is estimated. 
As pointed out earlier, the stochastic production frontier approach allows the computation of an index of 
farmer’s efficiency, which is then explained using the treatment model approach. The results are 
discussed below. 

The estimation results in Table 3 suggest that all inputs including land, labor, and animals5 
influence agriculture output significantly and positively. The output elasticity to land (0.35) is the highest 
compared with that of labor (0.22) and of animals (0.12). The results also suggest that the production 
technology exhibits decreasing returns to scale.  

Table 3. Estimation results 6 

Dependent variable: Agricultural production (kg) 

Independent variables Coefficient Standard Error 

Land (ha) .3487* .0302 

Labor (hours/person-day) .2236* .0209 

Animal (days) .1198* .0327 

Intercept 4.5420* .1088 

v  .6037 .0387 

u  .5804 .1095 

2  .7013 .0884 

  .9614 .1449 

Number of observations: 1000  
Log likelihood: -1057.7 
Allen’s partial elasticity of substitution 
   Labor, Land 0.0001  

   Labor, Animal -0.0002  

   Land, Labor 0.0001  

   Land, Animal 0.0003  

   Animal, Labor -0.0003  

   Animal, Land 0.0009  

Source: Author’s calculation from 1999 ERHS. 
Note: * means significant at 1 percent. 
 

Another source of labor substitution in the event of sickness is the substitution between factors of 
production. To investigate this, I computed Allen’s partial elasticity of substitution7 (see Table 3), which 

                                                      
5 Most of the animals used are oxen.  
6 All variables are in natural log. 
7 Elasticity of substitution between inputs i and j is computed as follows: 

   HHxxxf ijjii iiij / , 
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technically measures the percentage change in the ratio of inputs due to a 1 percent change in the ratio of 
their prices.  

The results suggest that substitution between production factors is rather weak; labor and land can 
be characterized as substitutes, but labor and animal appear to be complements. This implies that to 
maintain the same level of output after a sickness shock, substitution between factors of production is 
probably not a viable option. 

Table 4. Factors explaining agricultural efficiency 

Dependent variable: Log of agricultural efficiency index ( ̂ ) 

Independent variables Coefficient S.E. 

Main equation   
Gender    
   Female (default)   
   Male  -0.0376*** 0.0192 

Land slope   

  Medda: flat (default)   

  Dagethema: gentle slope -0.0234 0.0180 

  Gedel: steep slope -0.0755** 0.0351 

Cultural seasons   

 Belg (default)   

 Meher  -0.0035 0.0263 

Extension services   
  Access to extension service (1 if access, 0 otherwise)  0.0044 0.0305 

Regions   
 Tigray (default)   
 Amhara  0.0637* 0.0230 
 Oromiya -0.0749* 0.0268 
 SNNPR8 (Indibir, Durame-Azedebos)  0.0473 0.0325 
 SNNPR (Adado-Dilla) -0.0181 0.0790 
 SNNPR (Gara Godo–Areka, Domma)  0.1322* 0.0299 
Fertilizer (kg)  0.0026* 0.0004 
Probability of sickness -0.2116* 0.0290 
Intercept -0.4246* 0.0471 

                                                                                                                                                                           

where ix and jx are quantities of inputs i and j, respectively; if is the marginal product of input i; ijH is 

the cofactor of the second derivative ijf in the Hessian matrix; and H is the determinant of the bordered 

Hessian matrix. 
 
8 SNNPR is disaggregated into peasant associations. 
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Table 4. Factors explaining agricultural efficiency (continued) 

Dependent variable: Log of agricultural efficiency index ( ̂ ) 

Independent variables Coefficient S.E.  
Treatment equation   
Dependent variable: health status (1 if cannot easily hoe field for a morning because of sickness, 
0 otherwise) 
Food expenditures (1,000 birr) -0.0031 0.0364 
Main activity (1 if agriculture, 0 otherwise) -0.1435 0.1469 
Farming assets (birr) -0.0213** 0.0109 
Interaction between main activity and farming assets   0.0208*** 0.0112 
Distance to nearest public hospital (km)  0.0014 0.0031 

Distance to nearest town (km)   0.0398* 0.0131 

Daily wage rate (birr) for adult male (planting) -0.1526 0.1060 

Daily wage rate (birr) for adult male (planting) squared  0.0216*** 0.0119 

Access to public piped water (1 if access, 0 otherwise)  0.2141*** 0.1132 

Intercept -0.1526*** 0.1060 

̂  0.6871* 0.0656 

̂  0.1783* 0.0090 

̂  0.1225* 0.0171 

Number of observations: 590  

Log likelihood: -99.3 

LR test of independence (  = 0):   52.1512  with p-value =0.00 

Source: Author’s calculation from 1999 ERHS.  
Note: *, **, and *** means significant at 1 percent, 5 percent, and 10 percent, respectively; S.E.: means Standard Error. 
 

Estimation results in Table 4 suggest that gender as well as land slope matter. Indeed, males’ 
agricultural efficiency is 3.8 percent lower than that of females. Farmers cultivating on steep slope land 
are found less efficient compared with those on flat land. However, no significant difference is found 
between agricultural efficiency on flat land and that on gentle slope land. Although not significant, 
farmers with access to extension service are more efficient than those without access. The findings 
suggest that agricultural efficiency is independent from agricultural seasons (meher and belg). 

Agricultural efficiency is not evenly distributed across regions. Indeed, compared with the Tigray 
region, Amhara is 6.4 percent more efficient. Overall, SNNPR, except for the peasant association of 
Adado-Dilla, performs better than the Tigray. However, Tigray outperforms Oromiya by 7.5 percent. As 
expected, the use of fertilizer plays a significant role in improving agricultural efficiency. An increase of 
1 kg in fertilizer is expected to significantly increase agricultural efficiency by 0.3 percent. Finally, the 
results confirm that an increase in the probability of being sick significantly decreases farmers’ efficiency. 

Health production itself is estimated as a probit model while controlling for food consumption, 
households’ main activity, and farming assets. Although not significant, the results suggest that 
agricultural households are more likely to be affected by sickness than nonagricultural ones. Increasing 
farming assets is expected to reduce the probability of sickness; each percent change in the value of 
farming assets will reduce the probability of sickness by 0.20 percent. It might be that farming assets such 
as hoe, plow, hammer, saddle, and ax would limit physical effort and therefore prevent households from 
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illness. As expected, the results also show that the downward effect of farming assets is lower for 
households whose main activity is agriculture. The relationship between daily wage for planting and the 
odds of being sick is nonlinear. Indeed, the relationship is negative up to a certain level of daily wage; 
however, beyond that level, every additional birr increases the probability of sickness. The incentive 
induced by increasing wage may push farmers to extra physical effort and therefore increase the 
probability of sickness. 

It turns out that the remoteness of peasant association, measured by the distance to the nearest 
hospital as well as the distance to the nearest town, increases the probability of being sick. This is in line 
with the finding by Klemick, Leonard, and Masatu (2007) that in rural Tanzania, improvements in roads 
have a greater impact on health-care access than improvements in health facilities because travel costs are 
one of the major impediments to health-care access. Similarly, villages in Indonesia, the Philippines, and 
Sri Lanka participating in rural roads projects reported better access to health services based on several 
indicators compared with nonproject villages (Hettige 2006). 

 Health impediment tends also to increase with daily wage rates offered to adult males for 
planting and weeding activities. Unexpectedly, the results suggest that households with access to public 
piped water are more likely to be sick. This might not be linked directly to the water itself but rather to the 
consequence of water delivery activities. For example, analyzing disease, microdams, and natural 
resources in Tigray, Amarcher et al. (2004) found that government-sponsored microdams increase 
productivity of both fuelwood collection and crop production, but the cost of these dams to households 
was significant. In villages close to dams, disease prevalence was particularly high.  

 

Table 5. Results of policy simulation (%) 

 
Increase farming 

assets by 50% 
Increase daily planting 

wage by 50% 
Reduce distance to 

nearest town by half 

Odds of being sick -1.14 -33.22 -20.16
Production   
  Efficiency +0.09 +2.70 +1.62
Marginal productivity   
  Labor +0.10 +2.82 +1.25
  Land +0.12 +2.49 +1.71
  Animal +0.11 +2.63 +1.53
Agricultural income +0.11 +2.94 +1.51
Headcount ratio (FGT0) 0.00 0.00 0.00
Poverty gap (FGT1) 0.00 -0.07 -0.03
Squared poverty gap (FGT2) 0.00 -0.11 -0.05

Note: FGT stands for Foster-Greer-Thorbecke 

Within the pro-poor growth literature (Kraay 2006; Ravallion 2004) there is a consensus that 
economic growth is a necessary condition for poverty reduction. The results presented in Table 5 intend 
to illustrate the fact that at the household level, productivity growth is not necessarily poverty reducing. 
To do so, we simulate the impact of 50 percent increase in farming assets and daily planting wage, and 
the impact of 50 percent decrease in the distance to the nearest town. The results show that the probability 
of being sick decreases for each scenario, but more so for increase in daily planting wage (-33.4 percent) 
than reduction in remoteness (-20.2 percent) or increase in farming assets (-1.1 percent). As for poverty, 
none of the simulated interventions is effective enough to move at least one household above the poverty 
line and therefore reduce the headcount ratio. However, despite the inability to reduce poverty 
significantly, increase in daily planting wage and decrease in the average distance between peasant 
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association and the nearest town have the potential to affect income distribution. The latter is shown by 
the decrease in normalized poverty gap (FGT1) and squared poverty gap (FGT2).  

Overall, although investment in farmers’ health is expected to increase productivity, it might not 
be enough to move farmers above the poverty line. Indeed, this simple exercise illustrates the difference 
between improving farmers’ agricultural efficiency and alleviating poverty as defined by the headcount 
ratio. It requires probably more than one policy instrument to reach both goals simultaneously. As pointed 
out by Jayne et al. (2006), an approach that combines cash transfer to help the poorer smallholder 
households to hire labor, more secure land tenure for women, and expanded agricultural extension 
programs could have a greater impact on welfare. Assessing the impact of Ethiopia’s Productive Safety 
Nets Programme (PSNP), the second largest social protection program in sub-Saharan Africa, Gilligan, 
Hoddinott, and Taffesse (2008) conclude that the program had little impact on participants, due in part to 
transfer levels that fell far below program targets. In contrast, households with access to both PSNP 
transfers and agricultural support packages were more likely to be food secure, borrow for productive 
purposes, use improved agricultural technologies, and operate their own nonfarm business activities.  
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7.  CONCLUDING REMARKS 

Compared with previous studies, the present analysis sheds more light on the relationship between 
farmers’ health status and agricultural production. The results suggest that the labor market might not be 
the only mechanism through which households adjust their loss of efficiency in labor as a result of illness 
shock. Labor supply adjustment is also possible by increasing child labor. How sustainable these 
nonmarket options are in the long run is still debatable. For example, it is likely that increase in child 
labor to compensate for the illness of the household head is at the expense of child education.  

The present analysis also found that households affected by sickness tend to allocate less time to 
input application and to mechanization. This is probably the main reason why farmers hit by sickness 
experience lower productivity with respect to land, fertilizer, and animal.  

Controlling for household characteristics and locational attributes, regression results confirm the 
negative impact of health impediment on farmers’ agricultural efficiency. Moreover, simulation results 
show that improving farmers’ agricultural efficiency by investing in farmers’ health may not necessarily 
lead to poverty reduction. Additional policy instruments may be needed to achieve simultaneous increase 
in agricultural productivity and reduction in poverty. 
 



 

 
 

22

REFERENCES 

Ahmad, M. 2003. Agricultural productivity, efficiency, and rural poverty in irrigated Pakistan: A stochastic 
production frontier analysis. The Pakistan Development Review 42:219–248. 

Amarcher, G., L. Ersado, D. L. Grebner, and W. Hyde. 2004. Disease, microdams and natural resources in Tigray, 
Ethiopia: Impacts on productivity and labour supplies. Journal of Development Studies 40:122–45. 

Antle, J. M., and P. L. Pingali. 1994. Pesticides, productivity, and farmer health: A Philippine case study. American 
Journal of Agricultural Economics 76:418–430. 

Audibert, M., and J.-F. Etard. 2003. Productive benefits after investment in health in Mali. Economic Development 
and Cultural Change 51:760–782. 

Battese, G. E., and T. J. Coelli. 1995. A model for technical inefficiency effects in a stochastic frontier production 
function for panel data. Empirical Economics 20:325–332. 

Bhargava, A., T. Dean, L. J. Jamison, and C. J. L. Murray. 2001. Modeling the effects of health on economic 
growth. Journal of Health Economics 20: 423–440. 

Becker, G. S. 1965. A theory of the allocation of time. The Economic Journal 75:493–517. 

Besley, T., and R. Kanbur. 1988. Food subsidies and poverty alleviation. The Economic Journal 98:701–719. 

Bliss, C., and N. Stern. 1978. Productivity, wages and nutrition: Part I: The theory. Journal of Development 
Economics 5:331–62. 

Central Statistical Agency [Ethiopia] and ORC Macro. 2006. Ethiopia Demographic and Health Survey 2005. Addis 
Ababa, Ethiopia and Calverton, Maryland, USA: Central Statistical Agency and ORC Macro. 

Cole, D. 2006. Occupational health hazards of agriculture. In C. Hawkes and M. T. Ruel, (eds.), Understanding the 
links between agriculture and health for food, agriculture, and the environment. 2020 Focus 13, 
International Food Policy Research Institute, Washington, DC. 

Croppenstedt, A., and C. Muller. 2000. The impact of farmer’s health and nutrition status on their productivity and 
efficiency: Evidence from Ethiopia. Economic Development and Cultural Change 48:475–502. 

Deolalikar, A. B. 1988. Nutrition and labor productivity in agriculture: Estimates for rural South India. Review of 
Economics and Statistics 70:406–413. 

Fogel, R. W. 1994. The relevance of Malthus for the study of mortality today: Long-run influences on health, 
mortality, labor force participation, and population growth. In K. Lindahl-Kiessling and H. Landberg (eds.), 
Population, economic development, and the environment (231–284). Oxford: Oxford University Press. 

 Fogel, R. W. 2004. Health, nutrition, and economic growth. Economic Development and Cultural Change 52: 643-
658 . 

Fox, M. P., S. Rosen, W. B. MacLeod, M. Wasunna, M. Bii, G. Foglia, and J. L. Simon. 2004. The impact of 
HIV/AIDS on labour productivity in Kenya. Tropical Medicine and International Health 9:318–324. 

Gilligan, D., J. Hoddinott, and A. S. Taffesse. 2008. The impact of Ethiopia’s productive safety net programme and 
its linkages. IFPRI Discussion Paper 00839. International Food Policy Research Institute: Washington, 
D.C. 

Girardin, O., D. Dao, B. G. Koudou, C. Essé, G. Cissé, T. Yao, E. K. N’Goran, A. B. Tschannen, G. Bordmann, B. 
Lehmann, C. Nsabimana, et al. 2004. Opportunities and limiting factors of intensive vegetable farming in 
malaria endemic Côte d’Ivoire. Acta Tropica 89:109–23. 

Grossman, M. 1972. On the concept of health capital and the demand for health. Journal of Political Economy 
80:223–255. 

Grossman, M. 1999. The human capital model of the demand for health. Working Paper 7078, National Bureau of 
Economic Research. 

 



 

 
 

23

Hawkes, C., and M. T. Ruel. 2006. The links between agriculture and health: An intersectoral opportunity to 
improve the health and livelihoods of the poor. Bulletin of the World Health Organization 84: 985–991.  

Hettige, H. 2006. When do rural roads benefit the poor and how? An in-depth analysis based on case studies. Asian 
Development Banks: Philippines. 

Jayne, T. S., V. Marcela, P. Pingali, and G. Hemrich. 2006. HIV/AIDS and the agricultural sector in eastern and 
southern Africa: Anticipating the consequences. In Stuart Gillespie (ed.), AIDS, poverty, and hunger: 
Challenges and responses. Washington, D.C.: International Food Policy Research Institute (IFPRI). 

Kim, A., A. Tandon, and A. Hailu. 1997. Health and labour productivity: Economic impact of onchocercal skin 
disease. Policy Research Working Paper 1836, World Bank. 

Klemick, H., K. L. Leonard, and M. C. Masatu. 2007. Doctor quality, roads, and patient access to health care in rural 
Tanzania. Working Papers, Department of Economics, University of Maryland. 

Kraay, A. 2006. When is growth pro-poor? Evidence from a panel of countries. Journal of Development Economics 
80:198–227.  

Kumbhakar, S. C., and C. A. K. Lovell. 2000. Stochastic frontier analysis. Cambridge: Cambridge University Press. 

Lipton, M., and E. de Kadt. 1988. Agriculture: Health linkages. Geneva: World Health Organization (WHO). 

Lleras-Muney, A., and S. Jayachandran. 2007. Longevity and human capital investments: evidence from maternal 
mortality declines in Sri Lanka. Technical Report, Princeton 2007. 

Maddala, G. S. 1983. Limited-dependent and qualitative variables in econometrics. Cambridge, UK: Cambridge 
University Press. 

Miguel, E., and M. Kremer. 2004. Worms: Identifying impacts on education and health in the presence of treatment 
externalities. Econometrica 72: 159–217. 

Oshaug, A., and L. Haddad. 2002 Nutrition and agriculture. In Nutrition: A foundation for development. Geneva: 
Administrative Committee on Coordination (ACC)/ Sub-Committee on Nutrition (SCN). 

Pitt, M. M., and M. R. Rosenzweig. 1986. Agricultural prices, food consumption, and the health and productivity of 
Indonesian farmers. In Singh, Squire, and Strauss (eds.), Agricultural Household Models (153–82). 
Baltimore, MD: Johns Hopkins University Press. 

Ravallion, M. 2004. Pro-poor growth: A primer. The World Bank, Policy Research Working Paper No. 3242. 

Rutstein, S. O., and J. Kiersten. 2004. The DHS wealth index. DHS Comparative Reports No. 6. Calverton, 
Maryland USA. 

Sachs, J. D. 2001. Macroeconomics and health: Investing in health for economic development. Report of the 
Commision on Macroeconomics and Health. Geneva, Switzerland: WHO. 

Singh, I., L. Squire, and J. Strauss. 1986. A survey of agricultural household models: Recent findings and policy 
implications. The World Bank Economic Review 1:149–179. 

Spear, R. 1991. Recognized and possible exposure to pesticides. Handbook of pesticide toxicology: Vol. 1, General 
principles.  Edward R., Jr. Laws (Editor). New York: Academic Press. 

Strauss, J. 1986. Does better nutrition raise farm productivity? Journal of Political Economy 94:297–320. 

Welch, F. 1970. Education in production. The Journal of Political Economy 78:35–59. 

World Bank. 2007. World development report: Agriculture for development. Washington, D.C. 

 



 

 
 

24

 



 

 
 

25

RECENT IFPRI DISCUSSION PAPERS 

For earlier discussion papers, please go to www.ifpri.org/pubs/pubs.htm#dp. 
All discussion papers can be downloaded free of charge 

 

867. Joint water quantity/quality management analysis in a biofuel production area: Using an integrated ecomomic 
hydrologic model.     Márcia Maria Guedes Alcoforado de Moraes, Ximing Cai, Claudia Ringler, Bruno Edson 
Albuquerque, Sérgio P. Vieira da Rocha, Carlos Alberto Amorim.  2009. 

866. Economywide economic impact of Avian flu in Ghana: A dynamic CGE model analysis.  Xinshen Diao.  2009 

865. Brazil: Shadow WTO agricultural domestic support notifications. Andre M. Nassar and Diego Ures, 2009. 

864. HIV/AIDS, growth and poverty in KwaZulu-Natal and South Africa: Integrating firm-level surveys with demographic and 
economywide modeling. James Thurlow, Gavin George, and Jeff Gow, 2009. 

863. The short-run macroeconomic impact of foreign aid to small states: an agnostic time series analysis. Henrik Hansen and 
Derek Headey, 2009. 

862. European Union preferential trade agreements with developing countries and their impact on Colombian and Kenyan 
carnation exports to the United Kingdom. Guyslain K. Ngeleza and Andrew Muhammad, 2009 

861. The linkages between agriculture and malaria: Issues for policy, research, and capacity strengthening. Kwadwo Asenso-
Okyere, Felix A. Asante, Jifar Tarekegn, and Kwaw S. Andam, 2009. 

860. La biotecnología agropecuaria en América Latina: Una visión cuantitativa. José Falck-Zepeda, César Falcón, Maria José 
Sampaio-Amstalden, José Luis Solleiro Rebolledo, Eduardo Trigo, and Javier Verástegui, 2009. 

859. Preferential trade agreements between the monetary community of Central Africa and the European Union: Stumbling or 
building blocks? A general equilibrium approach. Guyslain K. Ngeleza and Andrew Muhammad, 2009. 

858. Preliminary evidence on internal migration, remittances, and teen schooling in India. Valerie Mueller  and Abusaleh 
Shariff, 2009. 

857. Productivity convergence in Brazil: The case of grain production. Eduardo Magalhaes and Xinshen Diao, 2009. 

856. Dynamics of structural transformation: An empirical characterization in the case of China, Malaysia, and Ghana. 
Thaddee Badibanga, Xinshen Diao, Terry Roe, and Agapi Somwaru, 2009. 

855. Do institutions limit clientelism? A study of the district assemblies common fund in Ghana. Afua Branoah Banful, 2009. 

854. The evolution of Chinese entrepreneurial firms: Township-village enterprises revisited. Chenggang Xu and Xiaobo 
Zhang, 2009. 

853. Evaluating the impact of land tenure and titling on access to credit in Uganda. Carly K. Petracco and John Pender, 2009. 

852. Participation by Men and Women in Off-Farm Activities: An Empirical Analysis in Rural Northern Ghana. Nancy 
McCarthy and Yan Sun, 2009. 

851. Measuring agricultural innovation system properties and performance: Illustrations from Ethiopia and Vietnam. David J. 
Spielman and Dawit Kelemework, 2009. 

850. Are returns to mothers’ human capital realized in the next generation?: The impact of mothers’ intellectual human 
capital and long-run nutritional status on children’s human capital in Guatemala. Jere R. Behrman, Alexis Murphy, 
Agnes R. Quisumbing, and Kathryn Yount, 2009. 

849. Understanding Farmers' Perceptions and Adaptations to Climate Change and Variability: The Case of the Limpopo 
Basin, South Africa. Glwadys Aymone Gbetibouo, 2009. 

848. Agglomeration, migration, and regional growth: A CGE analysis for Uganda. Paul Dorosh and James Thurlow, 2009. 

847. Biosafety decisions and perceived commercial risks: The role of GM-free private standards. Guillaume Gruère and 
Debdatta Sengupta, 2009. 

846. Impact of soaring food price in Ethiopia: does location matter? John M. Ulimwenju, Sindu Workneh, and Zelekawork 
Paulos, 2009. 

845. Aggregate effects of imperfect tax enforcement. Miguel Robles, 2009. 



 

 
 



 

 

INTERNATIONAL FOOD POLICY  
RESEARCH INSTITUTE 

www.ifpri.org  

IFPRI HEADQUARTERS 

2033 K Street, NW 
Washington, DC 20006-1002 USA  
Tel.: +1-202-862-5600 
Fax: +1-202-467-4439 
Email: ifpri@cgiar.org 

IFPRI ADDIS ABABA 

P. O. Box 5689 
Addis Ababa, Ethiopia 
Tel.: +251 11 6463215 
Fax: +251 11 6462927 
Email: ifpri-addisababa@cgiar.org 

IFPRI NEW DELHI 

CG Block, NASC Complex, PUSA 
New Delhi 110-012 India 
Tel.: 91 11 2584-6565 
Fax: 91 11 2584-8008 / 2584-6572 
Email: ifpri-newdelhi@cgiar.org 


