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Abstract 
 

Using the panel data (1994-2000) on individuals who reported their wages in urban 

Ethiopia, we have estimated a relationship between health measures (i.e. height and 

BMI) and wages (which proxies productivity). Our preliminary findings from the IV 

quantile regression estimates (which controls for the endogeneity) indicates that 

productivity of individuals is significantly and positively affected by both human 

capital measures. The returns to BMI or current bodily strength is important at the 

lower end of the wage distribution. The return to height (a measure of long term 

nutrition investment) also falls starting from the 75th wage quintile. Our estimates are 

robust to specification. The substantive content of the results (i.e. the high-nutrition 

and high-productivity equilibrium story) does not change even if we did not control 

for endogeneity of schooling. Non-parametric evidence also supports the strong and 

positive relationship between productivity and the two key indicators of human 

capital. There are surprising findings such as the lack of statistically significant link 

between schooling and wage. This will further be investigated along with other 

empirical issues such as outliers.  



1. Introduction  
 

The specific way in which the poor participate in growth tends to be through 

increased or more productive use of “their most abundant asset”, labour (Kanbur and 

Squire, 1999). The link between human development (say proxied by adult nutrition 

consumption and health) and economic growth can be ascertained if one finds robust 

and significant relationship using data on nutrition, health and wages1. Therefore, 

identifying factors that significantly enhance productivity (often measured in wages) 

is crucial to assist the intellectual effort that attempts to understand the mechanism 

through which human capital investments at the household level contribute to overall 

economic growth.  

 

The link between productivity and consumption and its impact on wages was first 

explored, among others, by Leibenstein (1957), Stiglitz (1976); Mirrlees (1976); Bliss 

and Stern (1978) and is now commonly referred to as ‘efficiency wage theory’.  In a 

recent survey, Deaton (2003) pointed out that the nutritional wage model provides an 

account of how inequality affects both health and earnings while explicitly 

recognising that health and earnings are simultaneously determined. Dasgupta (1993) 

has eloquently argued that nutritional wage models can account for persistent poverty 

and destitution in poor countries.  

 

Among macro- and microeconomists, there emerged an unusual consensus that recent 

periods of sustained growth in total factor productivity (TFP) are dependent on 

improvements in a population’s nutrition, health, education and mobility (Shultz, 

1997).  Many studies of nutrition, health and labour mobility have sought to measure 

the effect of these forms of human capital on the productivity of workers and hence 

on economic growth.  

 

The investigation of the link between nutrition and productivity is crucial (e.g. for 

understanding causes of poverty traps). For instance, Dasgupta (1997) shows the 

mechanism by which inequality determines malnutrition through the nutrition-

productivity link. Therefore, a careful estimation of the link addressing all the 



outstanding empirical issues contributes towards a deeper understanding of the link 

and provides us the basic tools that are important for policy making to stimulate 

returns to human capital stocks such as adult nutrition, adult health and schooling.  

 

A non-convex relationship between labour supply and consumption underlies the 

argument about the link between nutrition and productivity on the one hand and the 

persistence of poverty on the other. Due to this non-convexity multiple equilibria are 

possible2. At the lower end of this spectrum of equilibria lies a low nutrition-low 

productivity point where people stay unemployed involuntarily. At the other extreme 

lies the high nutrition-high productivity equilibrium where people enjoy high levels of 

productivity and better nutrition. Because of the fixed requirements, individuals could 

be trapped in the low equilibrium point where they stay poor with little chance of 

getting out of the poverty. Not surprisingly, it is the assetless that are trapped in the 

low equilibrium point. Those who have access to non-labour income can secure some 

level of consumption while the poor require employment to finance the same level of 

consumption. Ironically, the quality of labour that is supplied depends upon the level 

of caloric consumption. From the employers point of view, hiring the poor is therefore 

expensive, because the poor require a wage high enough to be able to consume what 

is required for basic metabolism rate-BMR- (Dasgupta, 1993) plus additional amounts 

needed to undertake external work. Those who own assets, however, can partly 

finance their consumption even without having to work. Hence, a wage level below 

what is required by the poor would enable those with assets to supply the quality of 

labour that the poor cannot offer (Ayalew, 2003).  

 

2. Literature Review 
 

It is theoretically conceivable and empirically supported to state that investments in 

nutrition and health increase the lifetime productivity of individuals and thereby 

contribute to economic growth, socio-demographic development and hence lower 

poverty (Shultz, 1997).  At the macro level, research has been focusing on 

                                                                                                                                       
1 We will augment a standard wage equation we estimated in another application (Girma and Kedir, 
2005) including key variables (our variable of focus) such as nutrition and health.  
2 Assuming others things being constant (e.g. technology), the equilibrium concept we adopt here is a 
partial one.  



establishing a link between GDP per capita and daily calorie intake. Easterly (1999)3 

finds that daily calorie intake increases with GDP per capita. He estimated nutrition 

equation in first-differences (in order to control for unobserved, time invariant, 

country-specific effects)4 and instrumenting GDP per capita lagged two periods (in 

order to control for random measurement error or potential endogeneity). Others have 

essentially reverse the causality and attempted to uncover the contribution of nutrition 

to the growth of GDP per capita (Arcand, 2001).  

 

In this study, we focus on uncovering the impact of nutrition and health on the labour 

productivity of individuals using a unique household data. Therefore, we focus on the 

microeconomic link among these crucial variables of economic development. Apart 

from its technical focus which is outlined below, this study will serve as a policy input 

and would attempt to give insight as to what constitutes to effective interventions to 

fight adult malnutrition and ill health at the household level with an ultimate aim of 

promoting growth and poverty reduction.  

 

Chronic and widespread malnutrition at the household level has been one of the major 

impediments of child schooling, adult employment and overall economic 

development in much of Sub-Saharan Africa (SSA) and Ethiopia is not an exception5. 

Macro and micro level nutrition-health-productivity link has been extensively 

investigated over the years using data from developing countries. One of the 

established links between investments in human capital (say via good nutrition and 

hence improved health) and its impact on increases in productivity (as measured by 

wages) has been based on examining farm level data (Strauss, 1986; Deolalikar, 1988; 

Haddad and Bouis, 1991).   

 

There are similar attempts using household survey data from rural Ethiopia (Ayalew, 

2003; Croppenstedt and Muller, 2000; Kim et al, 1997). Croppenstedt and Muller 

(2000) estimated the impact of health and nutritional status on the efficiency and 

                                                
3 Easterly used a multitude of other indicators of quality of life such as health, education, transport and 
communications…etc. 
4 This is what is often referred to as unobserved heterogeneity in the econometrics literature.  
5 Rather unfortunately, Ethiopia has been suffering from severe food insecurity over a long period of 
time. Regardless of the malnutrition measure used, the incidence of underweight children has been 
consistently around 45%, much larger than the average incidence of 33% underweight children in SSA 
in the 1990’s (Christiensen and Alderman, 2004).  



productivity of cereal growing Ethiopian farmers. They specify a stochastic frontier 

production function to examine the effect on efficiency as well. They reported both 

indicators of health (measured in travel time to the daily source of water) and nutrition 

(measured in terms of weight for height of the household head) have significant 

effects on farm production. Since they used cross-sectional data all the limitations 

identified by Strauss (1986) apply to their study. Ayalew (2003) went one step further 

by using a panel data set collected from the same rural localities investigated by 

Croppenstedt and Muller (2000).  

 

Except for few applications in developing countries, most studies ignored the impact 

of nutrition and health on productivity of urban residents (Thomas and Strauss, 1997; 

Kedir, 2006). To the best of our knowledge, in Ethiopia no study has shown how 

investments in nutrition and health increase or affect productivity of individuals for 

urban households. There is a recent effect to estimate earnings functions with a focus 

on uncovering the private returns to schooling without any explicit attempt to 

incorporate the impact of nutrition and/or health indicator variables (Girma and Kedir, 

2005).  

 

The innovative aspect of this study is the estimation of the nutrition-health-

productivity link using a unique panel household data set which has been collected on 

urban 1500 households in 1994, 1995, 1997 and 2000.  In addition, we emphasise on 

an integrated approach because we examine the link not only using nutrition but also 

health indicator variables. We investigate the impact of adult nutrition and health on 

productivity of workers and hence economic development6.  Even if there are 5 

different types of human capital (see footnote 1 below), the focus of this study is to 

analyse the impact of only adults’ current health and nutritional status [which is 

proxied by weight-for-height squared or BMI (Body Mass Index)] and height on 

labour productivity using a panel data set.  

 

The study has both a technical as well as policy focus. On the technical side, we adopt 

recent parametric techniques that handle the thorny empirical issues of econometric 

                                                
6 Broadly speaking, there are five types of human capital (Shultz, 1997), viz, childhood nutritional 
status, schooling, migration, fertility and adult’s current health and nutritional status.  



estimation (more below). On the policy side, we will identify possible policy 

implications of the results of our estimation to inform development policy makers.  

 

The use of panel data is useful for a number of reasons. If individual heterogeneity is 

an important determinant of human capital investments by parents and society, then 

panel data on individuals may be particularly useful for the estimation of individuals 

fixed effects models (Strauss and Thomas, 1995). These panels may also permit more 

systematic treatment of measurement errors in anthropometric measures of health and 

nutrition (Shultz, 1997).  

 

Most studies that attempt to establish the relationship between labour productivity and 

nutrition are contaminated by simultaneity between calorie intake and labour 

productivity. The causation of the relationship could go in either direction. Variables 

that affect earnings or production affect nutrition consumption via the associated 

effect on income in which case consumption is rendered endogeneous (Ayalew, 

2003). Body mass index (BMI) affects the current productivity of the individual, 

particularly at low levels of calories and for energy-demanding tasks. This indicator 

of nutritional status among adults, as argued by Shultz (1997), should be treated as 

simultaneously determined with increased current expenditures on nutrition and the 

performance of more demanding jobs. Unbiased estimates of the one-directional 

effect of improved adult nutrition on wage or self-employment productivity requires 

valid instruments that predict current nutritional intakes or BMI and that are 

uncorrelated with the error in the wage equation.  

 

One systematic study using data from Sierra Leone (again using a rural data set) tried 

to addressed the potential simultaneity problem using an instrumental variables (IV) 

estimation technique. He found a statistically significant effect of calorie intake on 

farm productivity. However, the effect is not linear and the marginal effect on 

productivity falls as calorie consumption rises, but remains positive. Yet, his emphasis 

is on the effect of the flow of nutritional status measured by caloric intake. Caloric 

intake, however, also affects the stock of nutritional status, namely the body mass 

which is directly related to productivity as noted above. This relationship is very 

important especially when individuals can adapt to short term changes in caloric 

intake by drawing from the stock of nutrition without any significant reduction in 



their productivity. Moreover, as Strauss acknowledges, failure to control for time 

persistent household effects (e.g. managerial ability) may lead to biased estimates. 

The bias could go in either direction depending on the relationship between caloric 

intake and the omitted time persistent variables. Both of these shortcomings are 

addressed in Deolalikar (1988).  

 

So far, there has not been empirical attempts to allow for heterogeneity in returns to 

human capital investment. Therefore, we estimate quantile regression equations 

controlling for endogeneity of our human capital variables. A quantile regression 

framework allows variations of the returns to investments in nutrition and health at 

different quantiles of the earnings distribution (Koenker and Basset, 1978).  

Specifically, we follow a 2-stage quantile regression approach7.  Since instrumental 

variable estimation within a quantile framework is a non-trivial problem, the variance-

covariance matrices of the resulting estimates are obtained using bootstrapping 

techniques8.  

 

3. Methodology  
 

The following gives a brief overview of the econometric framework underlying the 

parametric estimates.  

Let  i
y  denote the log of monthly wage of individual i and let X be the vector 

of covariates which consists of health indicators, nutrition, schooling and the full set 

of for gender, ethnicity (as proxy for personal connections), year and location 

dummies.  

The θth quantile of the conditional distribution of i
y  given X is specified as: 

                   ),()()|( !"!#! ii XXyQ $+=    ).1,0(!"                                                 (1) 

where )|( XyQ i! denotes the quantile ! of log earnings conditional on the vector of 

covariates. Following Koenker and Basset (1978), the θth quantile estimator can be 

defined as the solution to the problem: 

                                                
7 See Arias et al., (2001) for a recent application of instrumental variables quantile regression.  
8 We use STATA 9.2 for the estimation of our model.  
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where (.)!" is known as the ‘check function’ and is defined as 
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u! < 0. The minimisation problem 

can be solved by using linear programming methods (Buchinsky, 1998). Like 

standard OLS estimates, a quantile regression estimate can be interpreted as the 

partial derivative with respect to a particular regressor at the relevant quantile.  

 

Therefore, our estimation of the relationship between labour productivity, nutrition 

and health will be conducted in a framework of instrumental variables quantile 

regression using panel data from urban households. This framework allows for both 

endogeneity of human capital investment (i.e. adult’s nutrition and health status) and 

possible heterogeneity in the impact of this investment.  

 

Using LOWESS smoother (a non-parametric locally weighted regression), we also 

explore the existence of non-linearities in the relationship between productivity and 

our human capital variables in the spirit of recent quadratic food Engel curves we 

estimated for urban Ethiopia (Kedir and Girma, 2007).  

 

4. Data 
 

This study is based on panel data for 1994, 1995, 1997 and 2000 which was collected 

under the supervision of Department of Economics of Addis Ababa University 

(Ethiopia) in collaboration with Economics department of Gothenburg university 

(Sweden) and Michigan State University (USA). The survey covers 1500 households 

in each round, with the intention to resurveying the same households and individuals 

in subsequent rounds.  In each round, household and individual level information had 

been collected over a period of four successive weeks during a month considered to 

represent average conditions covering seven major cities in Ethiopia – Addis Ababa 

(the capital), Awassa, Bahar Dar, Dessie, Diredawa, Jimma and Mekele. The sample 

of household surveyed is intended to be representative of the main socio-economic 



characteristics of the country’s major towns. The total sample was distributed over the 

selected urban centres proportional to their populations, based on the CSA’s (Central 

Statistical Authority) 1992 population projections.  

 

For our application, we make use of individual reported data on wages, age, gender, 

location, years of schooling and anthropometrics (i.e. height and weight).  The years 

of schooling variable is not directly observed but is constructed by converted the 

reported schooling cycles completed. For instance, for individuals who reported to 

have completed primary education, we assigned a value of 6 as years of schooling, 12 

for those who declared completing high school …etc. As is common in many 

anthropemetric surveys, data on height and weight are subject to reporting error. The 

initial data cleaning procedure we employed is to remove prohibitively high values of 

height and weight.  

 

5. Results 

 

A. Non-parametric results 
 
We have examine the nature of the relationship between our dependent variable,( i.e. 

log of monthly wage of individuals) and our two indicators of health (viz. Height and 

BMI).  Without specifying any functional form using the LOWESS (locally weighted 

regression) smoothing technique and using a smaller bandwidth (0.4) than the default 

(0.8) in order to be able to fit the data closely, Figure 1 gives a regression of log of 

wage on height of individuals. The graph strongly suggests a positive linear 

relationship between the variables. In other words, height is associated with a wage 

premium. We argue that this result is not driven by outliers because we have removed 

those individuals who have reported unreasonable figures such as those who said that 

their height is greater than 300cm.  

 



Figure 1: Non-parametric regression of wage on height, 1994-2000 
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Figure 2: Non-parametric regression of wage on BMI, 1994-2000 
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If anything, figure 2 indicates also a strong and positive relationship between wage 

and BMI with a slight indication of a possible non-linear (quadratic) relationship. As 



we did remove unreasonable height records, we also did disregard prohibitively high 

values of BMI such as reported BMI greater than 50.  

 
B. Instrumental Quantile regression model (1994-2000) 
 
 
We describe a model of health, productivity and labour force participation, in which 

all three outcomes are treated as endogenous (see Thomas and Strauss, 1997 for a 

static version of this model).  This model is used to identify the effect of health on 

productivity in a panel data context. 

 

Suppose we have a latent labour supply function of individual i at time t, *

it
h  which 

depends on a vector of exogenous individual time-varying and time invariant 

characteristics )(
it
x ; community level characteristics )(

ct
x  such as prices, local 

demand; and infrastructure and productivity related individual specific 

unobservables )(
i

µ ;  

),( ,

*

ictitit
xxhh µ=     (3) 

 

An individual will choose to work if a wage offer is greater than the reservation or 

shadow wage in which case 0
*
>

it
h . 

 

To examine the influence of our health indicators (height and BMI) on productivity, 

we consider a standard wage function (in logarithm form) which is conditional on 

both health 
ith
x  and labour force participation *

it
h >0; 

 

0);,,()ln( *

, >=
ititctithitit
hxxxww µ   (4) 

 

where 
ct
x is a subset of community characteristics 

ct
x . 

 

 

 

 

 



 

The second set of regression results is produced based on the econometric framework 

detailed in section 3 and the model described in the previous few paragraphs. 

According to the IV quantile regression results, which capture the heterogeneity of 

returns to health indicators, the strength of the impact of BMI falls at higher levels of 

the wage distribution indicating the significance of bodily strength for those earning 

lower wages. Most likely those at the lower end of the wage distribution are engaged 

low-skill and high labour-intensive jobs. The same heterogeneity of returns is evident 

when we look at the coefficient estimates of the height variable in the quantile 

regression. 

  

Table 1:Returns to height and BMI in Urban Ethiopia:  
Instrumental variable panel and quantile regression estimates  

Variable Panel  IV 
estimates 

25th quantile 50th  quantile  75th  quantile 90th  
quantile 

Years of 
schooling  

0.037 
 (0.54) 

0.342 
(1.15) 

0.161 
(0.60) 

0.133  
(0.72) 

-0.013 
 (0.94) 

Log of age -0.209 
(0.16) 

0.876 
(1.35) 

0.035 
(0.07) 

-0.020  
(0.07) 

-0.066 
 (0.24) 

Log of age 
squared 

0.034 
(0.16) 

-0.152 
 (1.43) 

-0.005 
(0.06) 

0.006  
(0.15) 

0.016  
(0.36) 

height 4.270 
(16.9)*** 

4.190*** 
(3.32) 

4.793*** 
(4.56) 

3.298*** 
(3.98) 

2.884*** 
(3.42) 

BMI 0.066 
(9.90)*** 

0.060**  
(2.35) 

0.064*** 
(2.91) 

0.055*** 
(3.29) 

0.046*** 
(3.38) 

Constant -3.512 ** 
(2.25) 

-6.966*** 
(3.81) 

4.977*** 
(3.51) 

-1.379  
(0.17) 

0.801 
 (0.76) 

Observations 2394 2394 2394 2394 2394 
 
Notes: 

(i) t-statistics are reported in parentheses; 
(ii) * significant at 10%; **significant at 5%; *** significant at 1%;  

 

Conclusion 

 
We found an evidence for a high-nutrition and high-productivity equilibrium using a 

panel data on individuals. It is puzzling to obtain insignificant returns to schooling 

investments as opposed to the positive and significant returns to height and BMI. In 

earlier work, years of schooling was significantly contribution to the productivity of 

individuals as different levels of the wage distribution but more so for those at the 

lower end of the distribution (Girma and Kedir, 2005). This study leads to the 

disappearance of the schooling effect and shows the health indicators as significant 



contributors of productivity and again more significantly for those at the lower end of 

the wage distribution.  

 

In short, our two dimensions of health have been found to have significant labour 

market impacts. Height is a cumulative measure reflecting both investments in 

nutrition during one’s life (mostly as a child) and also, possibly, non health human 

capital investments (Thomas and Strauss, 1997). Hence, our preliminary finding can 

be used to highlight the importance of improving children’s nutrition from a policy 

point of view as it has productivity implications when children are adults. Such an 

intervention has an important welfare implications.  

 

Further work will look at the relationship disaggregated by gender mainly because 

returns to BMI/bodily strength was found to vary by gender for other countries such 

as Brazil. In addition, we would like to use prices to instrument BMI to deal with the 

simultaneity issue. The panel IV estimates are based on the random effects model. By 

exploiting the repeated nature of observations, it is worthwhile to make further 

specification searches by estimating the fixed effects model version which enable us 

to side-step the difficult problem of choosing instruments.  
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