
The Impact of Farmers’ Health and Nutritional
Status on Their Productivity and Efficiency:
Evidence from Ethiopia*

Andre Croppenstedt
Food and Agriculture Organization

Christophe Muller
Nottingham University

I. Introduction
Agriculture, the mainstay of the Ethiopian economy, accounts for about
48% of GDP.1 Approximately 87% of the population (of a total of about
55 million people) live in rural areas and depend directly or indirectly
on this sector for their livelihoods. Agricultural goods (coffee, hides and
skins, and oil seeds) make up about 90% of export earnings (of which
60% comes from coffee). Performance in this sector has been poor from
1970 to 1992. Over the 1970–80 and 1980–92 periods, agriculture grew
at a rate of 0.7% and 0.4%, respectively, while the population growth
rate was 2.6% and 3.1%, respectively.

In 1994–95 cereal production, which constitutes the major part of
agricultural output, was 5% lower than it was in 1980–81.2 At the same
time there was a 40% increase of the population. Adverse climatic condi-
tions, civil war, and ill-designed government policies were the root
causes of this poor performance.3 The peasant farming subsector ac-
counts for 90% of output. Within the subsector cereal crops make up
about 75% of the area used to cultivate major crops, such as teff (24%),
maize (14%), barley (11%), sorghum (12%), wheat (10%), and millet
(3%).4

The lack of agricultural growth has been costly. Ethiopia is catego-
rized as the third poorest country in the world, with 60% of its popula-
tion living below the poverty line. A high level of food insecurity and
low levels of food intake are part of daily life in many parts of Ethiopia.
The country has suffered two large-scale famines (1973–74 and 1983–
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85), claiming hundreds of thousands of lives. Malnutrition is common
even in years of normal rainfall, and food security is a permanent con-
cern in rural Ethiopia.5 A recent National Nutrition Survey found for
children younger than 5 years old that 64% suffer from chronic malnutri-
tion (stunting), which is among the highest percentages in the world, 8%
are affected by wasting, and about 47% are underweight.6

Better health and nutrition, as related to labor productivity or better
production organization (since deciders in good health generally have
better intellectual capacities), can increase household income and eco-
nomic growth. Poor health will result in a loss of days worked or in re-
duced worker capacity, which, when family and hired labor are not per-
fect substitutes or when there are liquidity constraints, is likely to reduce
output. The elasticity of agricultural output or wages with respect to nu-
trition and health status is an indication of the strength of the productiv-
ity-nutrition and health relationship. Many developing-country govern-
ments are increasingly concerned with the basic needs of their
populations, and education and health projects account for rising public
sector expenditures. Choices need to be made where money is best spent.
Human capital expenditures can be more easily justified in terms of pro-
moting economic development and, thus, generate a large increase in
productivity. J. R. Behrman notes that ‘‘the studies . . . tend to indicate,
if anything, greater productivity effects for nutrition than for formal
schooling in poor rural contexts, even though productivity effects of
schooling have been much emphasized in the literature.’’7

In this article we focus on the link between nutrition and health and
labor productivity. The link between productivity and consumption and
its impact on wages was first explored among others by H. Leibenstein,
J. E. Stiglitz, J. A. Mirrlees, and C. Bliss and N. Stern, and is now com-
monly referred to as the ‘‘efficiency wage theory.’’8 In this model the
work effort of the agricultural worker is represented by λ(c), an increas-
ing function of consumption c, which is first convex then concave as c
increases. Wage W and consumption c are generally considered as equal.
The maximization of agricultural profit by the landlord yields the equa-
tion λ′(W)/λ(W) 5 1/W, the solution of which is the efficiency wage.
Incorporated in a simple representation of the labor market this model
helps to explain why there may exist labor surplus in poor agricultural
economies simultaneously with strictly positive wages. Bliss and Stern
show that with such models, workers with different nutritional assets or
alternative sources of consumption are paid different levels of efficiency
wages.9 Dasgupta and Ray analyze the characteristics of market equilib-
rium. They note that asset redistribution and food transfers, which im-
pose redistribution in rural areas, result in lower aggregate unemploy-
ment and greater aggregate output.10

Our approach to the link between agricultural productivity and
health and nutrition status of peasants is more specialized than it is in
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the efficiency wage literature. Indeed, instead of considering the global
link between wage (or consumption or nutrient intakes) and productivity,
we focus on an intermediate stage in the causation chain, namely, that
consumption, including nutrient intakes, influences health and nutrition
status, which in turn affects labor productivity. Thus, we incorporate the
effect of nutrient intakes in biological processes that modify the charac-
teristics of the labor force. We focus on the influence of health and nutri-
tion status on labor productivity. This means that medium or long-term
effects are studied, rather than short-term effects of nutrient intakes,
which is consistent with a sound representation of efficiency wage mech-
anisms that are rather long-run effects.

Bliss and Stern discuss in some detail the nutritional literature that
shows links between the requirement of nutrients and activity levels as
well as between nutrient intakes and weight and production levels. They
ask for additional indicators beyond the consideration of weight for
height. Although we do not explicitly work in the framework of the wage
efficiency literature, we address this requirement by incorporating a vari-
able associated with the health status of workers.

In contrast to the efficiency wage literature, we make no specific
assumptions about wages or other rewards used to increase labor produc-
tivity. Explicit specification of how wages or other rewards are calcu-
lated by landlords and agricultural workers is thus avoided.

However, it is reasonable to think that positive effects of health and
nutrition on productivity are necessary conditions for wage efficiency
mechanisms. Thus, large elasticities of labor productivity with respect to
health and nutrition status would benefit the implementation of policies
related to the wage efficiency framework, such as food aid or land redis-
tribution, as instruments to increase production and lower unemploy-
ment. As we mentioned above, the implications of strong elasticities
go beyond this framework. They open the way to policies designed to
increase production levels and indirectly to improve the welfare of popu-
lations.

As for the functioning of labor markets, it is not possible to formu-
late safe conclusions without accurate observations of their mechanisms.
However, strong elasticities would suggest the possibility of heterogene-
ity of labor as well as of complex contract forms to deal with this hetero-
geneity. Wage efficiency mechanisms, as well as selection processes,
moral hazard phenomena, and comparative advantages for specific tasks,
may be elements of such contracts.11

Unlike the issue of returns to education, as yet there have been com-
paratively few empirical studies, especially in developing countries, on
the returns to other human capital variables. However, it is important to
understand whether investments in nutrition and health are to be viewed
as ends in themselves or also as investments in higher levels of produc-
tivity. It is useful to distinguish the health status, often associated with
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illness or injuries, from the nutritional status, more directly related to nu-
tritional intakes. With regard to the health to productivity link, R. Bal-
dwin and B. Weisbrod, and Weisbrod and T. Helminiak, link household
health indicators to labor productivity (measured by weekly and daily
earnings).12 Weisbrod and Helminiak consider the impact of parasitic dis-
ease on labor productivity, but they do not find any strong evidence of
a link. These studies have been criticized for not allowing for the endo-
geneity of health; however, more recent studies address this issue. L.-F.
Lee, using U.S. data, estimates a wage equation incorporating health sta-
tus in a health equation, and finds that the health of adults has a signifi-
cant effect on their wages.13 M. M. Pitt and M. R. Rosenzweig consider
the effect of family morbidity on farm profits, although they do not find
any statistically significant health effects.14 The fact that no significant
effects for health indicators have been found in most of these studies,
although there exists a strong a priori intuition in favor of positive ef-
fects, may stem from specification errors in the estimated models or
merely from poor or incomplete data that do not allow accurate estima-
tion of these effects. In particular, important missing variables are sec-
ondary agricultural inputs (fertilizers, tools, etc.), land quality and steep-
ness, and nutritional status. Moreover, inefficiency may occur in the
production process, and this is not accounted for.

The impact of nutrition on labor productivity has been analyzed by
a number of authors, either by estimating production functions or wage
equations.15 First we consider the literature using the production function
approach. The production function is augmented by considering calorie
intake or anthropometric measures as a measurement of nutritional sta-
tus, which reflects worker effort and effectiveness. Using cross-section
data on hoe-cultivating farm households in Sierra Leone, J. Strauss finds
that ‘‘effective family labor,’’ which is a function of actual labor and per
capita daily calorie intake, is a significant input in production.16 Using
panel data from south India, A. B. Deolalikar tests for a link between the
total value of output and ‘‘effective labor,’’ where the latter is a function
of actual labor, daily calorie intake, and weight-for-height of on-farm
family farm workers.17 He finds that weight-for-height is significant, but
calorie intake is not. M. Fafchamps and A. Quisumbing use data from
rural Pakistan to regress the value of crop output (by season and in total)
on the body-mass index and the height of males and females.18 They find
that for males both indicators are important, but in different seasons.
There is no nutrition effect for females.

A number of authors estimate wage equations for developing coun-
try data, again including calories (occasionally also protein intake), or
the body-mass index (weight-for-height), and height. Alderman et al. use
the body-mass index (BMI ) and height but find neither to be significant;
most other authors, however, find that nutritional status positively and
statistically significantly influences wages. S. Behrman and Deolalikar
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highlight seasonal variations in the role of calorie intake and nutritional
status as measured by the body-mass index. L. J. Haddad and H. E.
Bouis include daily calorie intake, height, and the body-mass index in
the wage equation, but find only height to be statistically significant.
A. D. Foster and Rosenzweig analyze the role of nutritional variables in
piece-rate and time-rate labor and find that calorie consumption aug-
ments productivity.19 D. Thomas and Strauss use survey data for urban
male and female Brazilians and find that the body-mass index is an im-
portant determinant of wages for males, particularly for the less edu-
cated.20 Height has a strong positive effect on wages for both men and
women. Calories and protein intake are significantly related to wages of
men and women who work in the market sector. Finally, A. Bhargava
uses a panel of Rwandan households to analyze determinants of time al-
location.21 Poor nutritional status is found to hamper the capacity of
adults to undertake subsistence tasks.

None of the empirical studies surveyed incorporate indicators of
health and nutritional status or control for the possible endogeneity of these
factors.22 Moreover, they do not present estimates of production frontiers
(a production frontier estimates the outer bound with production, i.e., the
potential output; it can be thought of as an upward shift of a production
function) in contexts where technical inefficiencies may be substantial.
Another major reason to consider a production frontier instead of a pro-
duction function is to account for possible asymmetries in error terms of
production equations. Indirect evidence of the effect of health and nutrition
on agricultural productivity can also be investigated using wage equations
for agricultural workers and assuming a steady link between remuneration
and productivity, for example, in the case of perfect markets.

Do health and nutrition status influence positively the productivity
of peasants in Ethiopia? Are these effects robust to the specification cho-
sen to account for inefficiency in the agricultural processes? Is the im-
pact of nutritional status on productivity different when estimated in a
production frontier framework or from wage equations for salaried rural
workers? In this article, we provide empirical evidence on the impact of
both health and nutritional status on the productivity and efficiency of
cereal-growing Ethiopian peasant farmers.

In Section II, we present the agricultural technology model and the
data set. We specify a stochastic frontier agricultural production frontier,
incorporating nutritional and health status as inputs. The results of the
production frontier estimations are analyzed in Section III. We provide
three sets of estimates to assess the robustness of the results of the speci-
fication of the inefficiency term. Unlike earlier studies, we also examine
the distribution of residual technical efficiency (TE), after including the
various agricultural inputs, including health and nutritional status. In
Section III we discuss the results of the wage equation. Section IV con-
cludes the article.



480 Economic Development and Cultural Change

II. The Data and the Model
The Data
The data come from the first round of the Ethiopian Rural Household
Survey, conducted in 1994.23 The 1,477 households that were inter-
viewed were in 18 peasant associations in 15 weredas (districts) and six
regions stretching across the country.24 We selected only those sites in
which farmers practice ox-plow cultivation of cereals.25 See the descrip-
tion of the sites in appendix A.

Descriptive statistics for the sample of the 430 households re-
maining after selection are shown in table 1.26 Most of the statistics con-
form to existing notions about the country. In this part of Ethiopia land
is generally scarce, and average holdings are very small at about 1.5
hectares per household. This varies from 0.32 hectares per household in
Geblen to 2.59 hectares per household in Korodegaga. Land quality is
on average 1.67 (out of a possible three, with one as best quality, and
three as worst), and the averages range from 1.04 in Domaa to 2.68 in
Geblen. The land steepness is 1.29 (out of a possible three, with one flat-
test and three steepest) on average, and this ranges from 1.04 in Domaa
to 2.31 in Geblen.

Households own 8.7 animals on average, which indicates the impor-
tance of animal husbandry in Ethiopia. The average fertilizer application
rate is 49 kilogram per hectare, which is in line with other surveys.27 This
figure is low (compared to the recommended rate of 200 kilogram per
hectare), but has risen significantly over the past few years, reflecting the
government’s emphasis on increasing fertilizer use.28 In our sample 51%
of farmers do not use any fertilizer. Off-farm activities are quite low with
59% of households recording no days worked off the farm; 91% of
households recorded less than 31 days worked off the farm over the past
4 months.29 Average family size is approximately six, with approxi-
mately three adults engaged in farming activities.

The education of the head and members of the household is gen-
erally very low. It will be incorporated in the wage equations in Section
III. About 40% of household heads claim to be able to read and write
a letter. On average 23% of all other members of the household (ex-
cluding heads) can read or write a letter. The average years of school-
ing for household heads is only 0.74. Formal education is very rare and
only 10% of household heads have completed primary education or
more.

In table 2 we present correlation coefficients between output and
some input variables and the raw health and nutrition variables. Nutri-
tional status and distance to water are significantly (at the 5% level) posi-
tively correlated with output or output per hectare, as well as with labor
for harvesting per hectare and fertilizer per hectare. The morbidity indi-
cator is significantly correlated with output at the 10% level.
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TABLE 1

Descriptive Statistics for Selected Variables for the Production Analysis

Standard
Variable Mean Deviation Range

PRIND* 1.7 .22 .96–2.33
OUTPUT* 797.60 867.75 5.00–6,700.00
LAND*† 1.488 1.094 .21–8.13
LABP* 51.33 56.56 1.00–436.00
LABH* 67.92 87.58 1.00–744.00
FERT* 56.57 89.75 .00–600.00
HOE* .91 1.09 0–13
LQ*† 1.670 .664 1–3
LS*† 1.286 .416 1–3
WA*† 18.06 13.45 0–120
N* .33 .04 .23–.54
M* .04 .12 0–1
LIVDIS*† .286 ⋅ ⋅ ⋅ 0–1
ENV*† .233 ⋅ ⋅ ⋅ 0–1
AGF1† .470 .66 0–3
AGF2† .488 .69 0–3
AGF3† .637 .82 0–4
AGF4† 1.144 .74 0–5
AGF5† .270 .48 0–2
AGM1† .435 .63 0–3
AGM2† .493 .72 0–3
AGM3† .661 .83 0–5
AGM4† 1.130 .72 0–5
AGM5† .342 .5 0–2
FEHHH† .114 ⋅ ⋅ ⋅ 0–1
AGEHHH† 44.23 15.14 18–101
AGEAVE2† 32.79 9.30 17.5–73
WALLS† .10 .31 0–1
ROOF† .30 .46 0–1
EDINDHHH† .742 2.20 0–16
EDINDMEM† .07 .79 0–6
RWLHHH† .40 ⋅ ⋅ ⋅ 0–1
DUED† .10 .30 0–1
QA2† .337 ⋅ ⋅ ⋅ 0–1
QA3† .291 ⋅ ⋅ ⋅ 0–1
QA5† .154 ⋅ ⋅ ⋅ 0–1
QA6D† .265 ⋅ ⋅ ⋅ 0–1
QA6E† .177 ⋅ ⋅ ⋅ 0–1
QA6FG † .274 ⋅ ⋅ ⋅ 0–1
QA6H† .147 ⋅ ⋅ ⋅ 0–1
QA8A† .247 ⋅ ⋅ ⋅ 0–1
QA8B† .121 ⋅ ⋅ ⋅ 0–1
FUTIME† 49.53 57.18 0–420.00
LIVESTOCK 8.686 9.27 0–62
NOADFA10 1.591 1.00 1–7
NOADFA2 3.030 1.45 1–12
DWOFFA 11.76 31.87 0–275
VALOUT 1,360.04 1,484.16 7.80–11,599.90
FAMILY SIZE 6.16 2.70 1–17

Note.—Unmarked variables are included only for general interest.
* Denotes a variable used in the production function.
† Denotes a variable used as an instrument.
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TABLE 2

Correlations between Output, Inputs, and Health and
Nutritional Status

Variable N M WA

OUTPUT .1027 (.034) 2.0919 (.056) 2.1119 (.020)
OUTPUT/LAND .1302 (.006) 2.0689 (.154) 2.1945 (.000)
LABP/LAND .0446 (.356) .0463 (.338) 2.0942 (.052)
LABW/LAND 2.0493 (.308) 2.0501 (.300) 2.0493 (.308)
LABH/LAND .1103 (.022) 2.0458 (.342) 2.1175 (.014)
FERT/LAND .1383 (.004) 2.0410 (.396) 2.1738 (.000)
N 1 2.0917 (.058) .0006 (.990)
M 2.0917 (.058) 1 .0141 (.772)
WA .0006 (.990) .0141 (.772) 1

Note.—Figures in parentheses are two-tailed p-values.

The Model
We adopt a stochastic frontier approach for the agricultural production.
The production relation is written as:

Y 5 f(X, M, N ), (1)

where X is a matrix of agricultural inputs, and M and N are morbidity
and nutritional status, respectively. Due to a limited sample size, we
specify a Cobb-Douglas type technology, which allows the results to be
comparable with the studies by Strauss and Deolalikar. Indeed, the
Cobb-Douglas specification saves degrees of freedom because of the
small number of parameters to estimate. Therefore, the equation we esti-
mate is:

ln Yi 5 β0 1 βA ln Ai 1 βLQ ln LQ i 1 βLS ln LSi

1 βL ln L i 1 βN ln Ni 1 βM ln M i 1 βWA ln WA i
(2)

1 βF ln F i 1 βHOE ln HOE i 1 βENV ENV i

1 βLIVDIS LIVDIS i 1
k̂

βk DU k 1 ei,

where i 5 1, . . . , 430 is the index of the household and β is a vector
of parameters.

Production function variables:
Y 5 The total value of output divided by a Laspeyres price

index (the price index is obtained by taking a
weighted average of the prices faced by each
household; the weights are the respective proportions
of the crops in total value output);
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A 5 Land under cultivation in hectares;
LQ 5 Measure of land quality (farmers where asked whether

the plot was of lem [good 5 1], lem-teuf [mediocre 5
2], or teuf [poor 5 3] quality);

LS 5 Measure of the steepness of the land (degrees used
were medda [flat 5 1], dagath-ama [moderate incline
5 2], and geddel [steep incline 5 3];

HOE 5 Number of hoes owned by the household;
L 5 Person days used for plowing and harvesting;
F 5 Amount of fertilizer applied, per kilogram;

ENV 5 Dummy, number 1 if crop suffered from (a) low
temperatures, (b) wind or storm, (c) flooding or water
logging;

LIVDIS 5 Dummy, number 1 if livestock suffered due to lack of
drinking water, grazing land, or from animal diseases;

DUk 5 Dummies for the k sites (see app. A for more details
on the sites).

Health and nutrition variables:
WA 5 Time of one-way trip to the usual source of water, in

minutes;
N 5 Weight-for-height (wasting) of the head of the

household, a medium-term measure of nutritional
status;30

M 5 Percentage of members of the household engaged in
agriculture (includes members doing domestic work)
who have great difficulty (by their own assessment) in
transporting a bucket with 20 liters of water for 20
meters, a measure of strength and endurance as well
as an indicator of morbidity in the household.31

The error term is e 5 v 2 u, where v is a symmetric component
that captures exogenous shocks such as weather, supply shocks, and un-
observed heterogeneity of households plus measurement error. The term
u is a one-sided (positive) term that captures technical inefficiency.
Equation (2), therefore, represents a stochastic frontier production func-
tion, as suggested independently by D. J. Aigner, C. A. K. Lovell, and
P. Schmidt and by W. Meeusen and J. Van den Broeck.32 We use three
methods to estimate the stochastic frontier production function:

1. The terms v and u are assumed to be distributed as N(0, σv) and
|N(0, σu) |, respectively. Equation (2) is estimated by OLS, and σv and
σu are estimated by using the empirical second and third moments (µ2

and µ3):

σ̂ 2
v 5 µ̂2 2 1π 2 2

π 2 σ̂ 2
u (3)
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and

σ̂ 2
u 5 3√π/2 1 π

π 2 42 µ̂34
2/3

. (4)

The constant term is then corrected by adding the mean of u,
√(2/π)σu. This method is referred to as COLS (corrected OLS) and was
developed by J. Richmond.33

2. The distributional assumptions are as for method 1, but estima-
tion is one using the maximum likelihood method. It leads to efficient
estimation if the distributional assumptions are correct. We refer to this
as the NHN (normal-half-normal) model. This specification was first
suggested by Aigner, Lovell, and Schmidt.

3. The symmetric term is distributed as in method 1, but for u we
assume an exponential distribution. The estimation is done using maxi-
mum likelihood methods and the model is referred to as EXP. This spec-
ification was first used by Meeusen and Van den Broeck.

Finally, individual estimates of technical efficiency are derived
from the conditional distributions of u given. This method was proposed
by J. Jondrow, Lovell, I. S. Materov, and Schmidt.34 The formulas for
NHN and EXP models are:

E(u |e)NHN 5
σ̂uσ̂v

σ̂ 3 φ(êλ̂/σ̂)
1 2 Φ(êλ̂/σ̂)

2 1êλ̂
σ̂ 24 (5)

and

E(u |e)EXP 5 σ̂v 3 f(ê/σ̂v 1 λ̂21)
1 2 F(ê/σ̂v 1 λ̂21)

2 1 ê

σ̂v 1 λ̂2124, (6)

where σ 2 5 σ 2
u 1 σ 2

v, and λ 5 σu/σv . φ and Φ are, respectively, the
p.d.f. and the c.d.f. of the standard normal law, while f and F are, respec-
tively, the p.d.f. and the c.d.f. of the exponential law with f (u) 5
exp(2u/σu)/σu.

Land is the major agricultural input, and we account for its quality
and steepness. Labor is the second most important input. It is a heteroge-
neous good corresponding to different tasks and composed of the contri-
butions of different family members and of hired workers. The average
total levels of labor input are, respectively, 51, 71, and 68 person days
for plowing, weeding, and harvesting. The proportion of hired labor used
is small. Indeed, for plowing, weeding, and harvesting, the sample aver-
ages of family to total labor used are, respectively, 0.84, 0.78, and 0.61.
This suggests that labor markets, particularly for plowing and weeding,
are not working perfectly. Thus, consumption and production decisions
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cannot be treated as separate decisions. A number of authors have con-
sidered tests for nonseparability, and R. E. Lopez provided the first ex-
plicit test of nonseparation.35 In general, tests of perfect markets use the
idea that unearned income and household characteristics such as house-
hold composition and assets should not affect the wage rate.36 We return
to this issue in Section III.

Minor agricultural inputs (hoes, fertilizer) may also play a substan-
tial role in the augmentation of output levels. Moreover, better health
and nutrition may affect output levels directly by changing the pro-
ductivity of labor and perhaps by improving the general organization of
production through the use of other inputs and the choice of techniques.
Indeed, healthier and stronger members of households may be able to
carry heavier loads and undertake more painful and difficult tasks. They
may also be more precise and rigorous in the execution of these tasks
and in the use of other inputs. An important element of the health envi-
ronment, water availability, has also been introduced so as to capture
residual health effects not included in the morbidity measure. Indeed,
water used in cleaning, washing, and drinking is expected to be a major
element of the domestic health process, despite the fact that the effect of
the variable can also be interpreted in terms of wealth effects.37 We ac-
count for random shocks specific to the agricultural technology by intro-
ducing a categorical dummy variable that indicates whether the crop
has suffered from different climatic shocks. Finally, fixed effects for the
sites capture both the unobserved heterogeneity of local factors asso-
ciated with the sites and measurement errors related to the enumerator
effects, since data collecting in each site was done by different enumera-
tors.

Separating family and hired labor would mean many zero observa-
tions for hired labor, which we avoid by aggregating both types of labor.
Estimation shows that this aggregate measure of labor input yields better
results than the introduction of two different categories, perhaps because
it saves degrees of freedom and avoids quasi-collinearity problems. In
the analysis we use only labor for harvesting and plowing.38 Weight-for-
height (WFH) is a summary statistic of the current nutritional status of
the head. We used the WFH of the household head only because of many
missing values for the other members.39 Indeed, in 64% of the 430 house-
holds analyzed, only one person is engaged full time in farming
(NOADFA10 in app. B). With few exceptions, it is the household head.
Using BMI (WFH squared) instead of WFH leads to similar results with
a less significant coefficient on nutritional status. The morbidity indica-
tor, M, is also correlated with strength and endurance and reflects health
status within the household. It is computed for all family members en-
gaged primarily in farming. The variable WA is considered a crucial de-
terminant of health status, since it influences the quantity and quality of
water used by the household for toilet and for cooking.
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III. Results
Estimates of the Stochastic Frontier Production Function
The estimates for the COLS, NHN, and EXP models of the stochastic
frontier are relatively close for most of the coefficients and are presented
in table 3. In order to correct for endogeneity problems, we replaced the
independent endogenous variables (LAB, FERT, HOE, N, M) by pre-
dicted values obtained by using the set of instruments indicated in table
1. Beyond the exogenous variables included in the production frontier,
primary identifying instruments include household composition; age and
education of the head and of members; household assets represented by
the materials of walls and roof, and distance to water and firewood; and
various past shocks affecting the health and agricultural aspects of the
household. Tests of identifying instrumental variables for regression esti-
mates of the production function have not rejected the assumption of va-
lidity of the instrumental variables.40

TABLE 3

ML Estimates of the Cobb-Douglas Stochastic
Frontier Production Function

Coefficient Estimates

Variable COLS NHN EXP

CONSTANT 8.0666 (6.89) 8.2357 (8.199) 8.0546 (8.173)
ln(LAND) .4746 (5.28) .4350 (5.457) .4176 (5.186)
ln(LAB)* .2164 (1.52) .2552 (2.239) .2606 (2.037)
ln(FERT 1 1)* .0817 (1.70) .0413 (.978) .0359 (.797)
ln(HOE)* .1467 (.60) .300 (.213) 2.0182 (.158)
ln(LQ) 2.2015 (1.92) 2.1627 (1.884) 2.1458 (1.697)
ln(LS) .0175 (.12) 2.0761 (.520) 2.1124 (.825)
ln(N )* 1.8959 (2.20) 2.2461 (2.688) 2.2629 (2.703)
ln(M 1 1)* 21.9424 (1.63) 21.6876 (1.530) 21.7190 (1.561)
ln(WA 1 1) 2.1417 (2.71) 2.1151 (2.547) 2.0877 (2.105)
DU2 2.4026 (1.42) 2.4299 (1.676) 2.4643 (1.882)
DU3 2.3602 (2.16) 2.3348 (2.112) 2.3684 (2.390)
DU5 .4281 (2.41) .3606 (2.500) .3199 (2.259)
DU7 .9760 (7.36) .9524 (8.805) .9180 (9.044)
DU8 1.0210 (4.78) .9081 (5.514) .8621 (5.086)
DU9 2.4965 (2.29) 2.4189 (2.003) 2.4273 (2.290)
DU10 .9148 (5.48) .9798 (6.618) .9689 (6.270)
DU16 2.1907 (.90) 2.2646 (1.354) 2.3470 (1.807)
ENV 2.0848 (.99) .0868 (1.094) 2.0795 (1.068)
LIVDIS 2.0380 (.40) 2.0543 (.622) 2.0647 (.789)
σ 1.3029 .8698 (6.771) .6866
σu .9820 .8187 .4732 (8.539)
σv .3209 .4468 .2134 (9.041)
λ 3.0600 1.8325 (4.111) 2.2180
Log-likelihood ⋅ ⋅ ⋅ 2428.75 2418.75
Adjusted R2 .62 ⋅ ⋅ ⋅ ⋅ ⋅ ⋅

Note.—Figures in parentheses are absolute t-ratios, obtained by using the Huber
heteroscedastic-consistent covariance matrix.

* Denotes an endogenous variable, predicted by instrumentation.
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The most important factor explaining variation in output is land, es-
timated with output elasticities between 0.42 and 0.48. Labor is charac-
terized by low output elasticities (0.22 to 0.26). The return to scale when
only land and labor are considered is very robust at about 0.67, which
compares well with the usually accepted notions of decreasing returns to
these two factors for this type of technology. The fertilizer coefficient is
statistically significant (at the 10% level) only for the COLS model (with
a coefficient that is in line with results reported in Yao).41 Land quality
has a positively significant effect at least at the 10% level in all cases
(with a negative sign for the index LQ), and its inclusion in the model
improves the results dramatically. This is also true for the site-specific
dummies (DU6 was dropped, as it was always insignificant). The coeffi-
cients for climatic or livestock problems and for HOE and LS are never
significant.

Estimated at between 1.90 and 2.26, the output elasticity of WFH
is of a magnitude similar to Deolalikar’s estimate of 1.9. By contrast,
Fafchamps and Quisumbing estimate an elasticity of 0.45 for the BMI.42

At the mean a change in WFH of one standard deviation will change
output by 27%. This implies that even for small increases in the WFH,
considerable increases in output could be achieved. This has to be con-
trasted with other productivity augmenting investments, such as land im-
provements and education. Evidence on the return to education in farm-
ing for Ethiopia is rare. However, recent empirical work puts the returns
to one extra year of education for the household head at 4% of the in-
creased value of output.43 It appears that returns to nutrition compare fa-
vorably.

We provide evidence of other effects of human resources. The coef-
ficient on WA is always significant at the 5% level. The distance to the
source of water is clearly of significance for productivity, probably
through the health status of family workers. However, this may also re-
flect the time-intensive nature of this activity, which means valuable
family labor time is diverted away from farming. Finally, the coefficient
on morbidity status is significant only at the 13% level with a negative
sign that is consistent with the theoretical model. This suggests a weak
effect that may appear stronger with a higher sample size. It is more sig-
nificant when the variable WA is excluded. On the whole, three variables
related to human capital (N, M, WA) are shown to influence agricultural
productivity, which is a more complete set of effects than has been found
by other studies.

The range of values for the estimates of λ is between three and 1.83,
which shows that the one-sided term dominates the disturbance. Average
technical efficiency was estimated at between 51% and 76%, indicating
that farmers were, on average, 49% to 24% below the frontier. This sug-
gests that the technical inefficiency observed in standard agricultural pro-
duction functions without incorporating health and nutritional status of
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TABLE 4

Frequency Distribution of Technical
Efficiency Estimates

Range COLS NHN EXP

.0–.09 6 0 0

.1–.19 23 12 0

.2–.29 42 18 1

.3–.39 58 40 2

.4–.49 69 62 8

.5–.59 84 96 29

.6–.69 72 116 64

.7–.79 47 67 124

.8–.89 27 15 200

.9–1.00 1 1 0
Mean .51 .56 .76
SD .20 .16 .10
Range .03–1.00 .05–.92 .30–1.00

the workers is not due to the omission of these variables. Table 4 gives
the frequency distribution of the technical efficiency estimates.44 The ef-
ficiency estimates associated with the NHN model lie in a narrower
range than the COLS model. The EXP model estimates are very differ-
ent, indicating that 47% of farmers are 80% or more technically efficient
(75% are 70% or more technically efficient). Note that the correlation
coefficient between EXP and NHN technical efficiencies is only 0.39,
which suggests that the choice of the model specification may have a
substantial impact on inefficiency estimates.

The existence of heteroscedasticity in the error term u would imply
a bias of the maximum likelihood estimates obtained under homoscedas-
ticity assumptions. S. B. Caudill, J. M. Ford, and D. M. Gropper, and
Caudill and Ford discuss the consequences of heteroscedasticity in this
type of model.45 We tested the hypothesis of homoscedasticity against
several forms of heteroscedasticity, using tested statistics deduced from
generalized residuals as in C. A. Gouriéroux, A. Montfort, E. Renault,
and A. Trognon, and we find a clear rejection of the hypothesis of homo-
scedasticity, particularly when the standard deviation of error terms is
assumed to be proportional to the family size.46 Moreover, WLS estimates
(weighted by the inverse of the family size to account for this type of
heteroscedasticity) reinforce the main results obtained under the homo-
scedasticity assumption in the sense that they show the significance of
the coefficients of land, labor, N, and M.47 Apart from the constant term,
which is kept uncorrected in the WLS, the estimated coefficients are quite
different from those obtained with other estimation methods. The effects
of the main factors (land, labor, N, M) on production are much stronger
and would lead to increasing returns to the combination of land and la-
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bor, which is not an expected feature for this type of technology. Indeed,
agricultural production based only on land and labor inputs generally
shows decreasing returns to scale in LDCs, in particular due to time and
energy lost in travel and transport.

As the correction for heteroscedasticity is believed to interact with
nonlinearities in the production function (e.g., with translog specifica-
tion), we interpret the anomalies in the WLS results as coming from the
underlying nonlinearity in agricultural technology, which cannot be ac-
counted for, owing to the small sample size.48 This is supported by the
fact that the introduction of heteroscedasticity in the maximum likeli-
hood estimation yields an estimate of λ that tends to zero, which is usu-
ally interpreted as a signal of misspecification of the production frontier.
On the whole, results under homoscedasticity seem to be more robust,
and we have based our comments and efficiency analysis on them. Be-
low we attempt to confirm with wage equations our findings obtained
with the estimation of production technology.

Estimates of the Wage Equation
We assess the robustness of the nutrition-productivity link by estimating
wage equations for farm labor with the inclusion of anthropometric indi-
cators as explanatory variables. Due to the limited availability of agricul-
tural labor and wage information, the observations included are often dif-
ferent from those used in the estimation of the frontier production
function. We use two samples: (a) the full sample (both sexes) and (b)
a male-only sample. For the participation and wage equations the full
sample consists of 503 and 93 observations, respectively, while the sub-
sample for males has 503 and 52 observations, respectively.49 The wage
equation is estimated for persons from 18 to 70 years of age who are
engaged in farming activities. We exclude the few cases of workers who
obtained part of their wage in kind. Since the actual job type was not
recorded, we also used a male-only sample on the basis that the type of
work would be more homogeneous and thus would lead to better ad-
justed estimates. Descriptive statistics are given in table 5.

The wage equation is estimated using the two-step Heckman
method, by including the inverse Mills ratio, obtained from probit partic-
ipation estimates, and correcting the variance-covariance matrix of the
parameter estimates.50 The wage equation is inspired by human capital
and life-cycle theories.51 We include, therefore, an education variable and
age and age-squared variables to allow for concavity of the age effects.
Dummy variables for the sites are incorporated to control for unobserved
characteristics of the sites. Finally, anthropometric measures account for
the strength and the nutrition status of the worker.52 Measures of health
are not included because of too many missing values and too little vari-
ability of this variable in the sample. To correct for potential endogeneity
bias, we replaced WFH and BMI by exogenous predictions based on the
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TABLE 5

Descriptive Statistics for Variables Used in the
Wage Equation for Males

Standard
Variable Mean Deviation Range

WAGE* 3.06 1.37 1.2–7
AGE 33.98 11.72 18–67
DUED .15 ⋅ ⋅ ⋅ 0–1
BMI † 1.98 .20 1.60–2.46
WFH (kg/cm) .33 .03 .26–.42
HT (cm) 167.56 7.11 153–187

* Birr per day, nominal.
† (Kg ∗ 1,000)/cm2.

full sample of 990 observations.53 The main identifying instrumental
variables are household composition, age, education of members, proxies
for household assets, and past random shocks.

ln(WAGEi) 5 β0 1
k̂

βkDUk 1 βAGEAGEi 1 βAGESQAGESQi

1 βDUEDDUEDi 1 βBMI ln(BMIi) 1 βH ln(HTi) (7)

1 βαα i 1 ei ,

where

WAGE 5 Birr per day;
DUk 5 Site-specific dummies (k sites);
AGE 5 Age of the worker (years);

AGESQ 5 Age squared;
DUED 5 A dummy for the education of the worker, number 1 if

worker has primary education or above;
BMI 5 Body-mass index (defined as WFH squared) of the

worker ([kilogram ∗ 1,000]/centimeters2);
HT 5 Height of the worker, in centimeters;

α 5 The inverse Mills ratio.

Another version of the equation was estimated with WFH instead
of BMI.54 The wage equation estimates are given in table 6. The BMI
variable performed better than the WFH measure because it allows the
inclusion of the HT variable that is believed to be highly correlated with
the working capacity of the agricultural worker and, therefore, with the
wage.55 However, our motivation for estimating a wage equation with
WFH only is to enable comparison with previous studies.
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TABLE 6

Log-Wage Equation Estimates

Full Sample Males Only Males Only
Variable (1) (2) (3)

CONSTANT 213.832 (1.728) 220.127 (1.997) 3.3987 (1.457)
DU14 2.5052 (3.024) 2.7296 (3.407) 2.7137 (3.349)
DU15 21.1753 (6.255) 21.1038 (4.168) 21.1168 (4.246)
DU16 2.1093 (.740) 2.3043 (1.577) 2.2949 (1.523)
SEX 2.0739 (.584) ⋅ ⋅ ⋅ ⋅ ⋅ ⋅
AGE .0050 (.219) .0053 (.168) .0080 (.255)
AGESQ 2.0001 (.464) 2.0001 (.268) 2.0001 (.343)
DUED .8143 (3.495) .5711 (2.066) .6047 (2.232)
ln(BMI ) 2.6627 (1.979) 3.0353 (1.796) ⋅ ⋅ ⋅
ln(HTI ) 2.2497 (1.493) 3.5573 (1.894) ⋅ ⋅ ⋅
ln(WFH ) ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ 3.0153 (1.850)
α 1.2132 (3.800) .8044 (2.259) .8300 (2.334)
Adjusted R2 .48 .51 .51
Number of observations 93 52 52

Note.—Col. 2 includes BMI and HTI, but not WFH. Col. 3 includes WFH, but not
BMI or HTI. See discussion following equation (7).

The male wage elasticity with respect to the BMI is 3.04, which
means that an increase of one standard deviation would increase the
wage by 26%. With regard to the second equation, the male wage elastic-
ity with respect to WFH is 3.02. A change in one standard deviation in
WFH will result in a 29% change in the wage. These two wage elastici-
ties indicate primarily the effects of the differences in the weights of
workers and compare well with orders of magnitude found in Lee (4.44–
3.22) and Thomas and Strauss (4.7–5.6), but not in Deolalikar (0.28–
0.66) or Behrman and Deolalikar (0.35–0.67).56 The elasticity of wages
with respect to HT is 3.56. A person who is one standard deviation (7.11
centimeters) above the average will have a 15% higher wage. Elasticities
reported by Haddad and Bouis and Thomas and Strauss are 1.38 and
3.4–3.9, respectively.57 Our estimated elasticities indicate that the returns
to better nutrition are quite high.

We now relate the technology model and the wage equation with a
common theoretical framework. First, assume that agricultural technol-
ogy can be approximated by the following Cobb-Douglas type produc-
tion function:

Y 5 F(L, N) 5 Z0 LαN β, (8)

where α and β are parameters, L is the labor input, and N is an index
of the nutritional input of agricultural technology. The Z0 stands for the
contributions of other agricultural inputs, human resources, and charac-
teristics of the technology. Equation (8) can be rewritten as:
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log(Y) 5 log(Z0) 1 α log(L ) 1 β log(N ) 1 v 2 u, (9)

where log(Z0) 5 log(Z) 1 v 2 u is linked to the two types of error terms
used in the frontier production function estimation. The logarithm of the
marginal productivity of labor can be easily derived from equation (8):

log(F ′L) 5 log(α) 1 log(Z) 1 (α 2 1) log(L ) 1 β log(N ) 1 v 2 u.
(10)

Assume now that the labor market in rural Ethiopia can be considered
as being approximately perfect and that the demand for labor can be con-
sidered as derived from cost minimization by competitive agricultural
firms. This is the case, for example, under separability of consumption
and production decisions of agricultural households.58 Then let us reason
under this assumption that the marginal productivity of labor in a partic-
ular firm is equal to the wage rate of its agricultural workers. Moreover,
if we assume that the parameters, β, are common to all agricultural firms
or households, equation (10) can be approximated under the form of the
following wage equation:

log(w) 5 Xγ 1 β log(N ) 1 v, (11)

were γ is a vector of parameters and X is a matrix whose columns corre-
spond to variables correlated with Z, v, and LD, the labor demand of the
agricultural firm.

Table 7 shows estimates of a labor demand equation in which
household composition, other sociodemographic characteristics, and
building material for the household’s house have been added to dummies
for sites and land characteristics that should be the only significant vari-
ables under separability. This specification is similar to the one used by
Benjamin. Several household composition variables, such as the dummy
variable for a house roof made of galvanized iron or wood and the age of
the household head, are significant, which indicates that the separability
assumption is rejected. The result is obtained whether or not weeding is
included in the definition of labor input.

The absence of separability between consumption and production
decisions has no consequences on the estimation of the agricultural pro-
duction function in which labor input is instrumented. The estimation of
the market wage equation, which may be different from the implicit
household wage, which could be endogenous, may be perturbed by the
selectivity of households willing to offer labor on the market. Because
of the small sample size, we have treated this selectivity problem using
a purely mechanical Heckman two-step approach, without designing a
structural model. Another estimation strategy would have been to specify
shadow wage rates specific to each household, which should be superior
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TABLE 7

Least-Squares Estimates of Labor Demand,
Including Household Characteristics

Variable Coefficient t-Ratios

CONSTANT 4.0970 16.12
LAND .0199 .30
ln(LAND) .5210 4.42
LQ 2.0616 1.23
LS .0392 .47
AGF1 .1111 2.22
AGF2 .0524 1.14
AGF3 .0346 .91
AGF4 2.0432 .97
AGF5 2.0569 .82
AGM1 .0311 .64
AGM2 2.0438 1.00
AGM3 .1057 2.89
AGM4 .1509 3.47
AGM5 .1424 1.53
RWLHHH .0582 .80
EDINDMEM 2.0088 .33
WALLS 2.0248 .17
ROOF .2218 2.90
FEHHH 2.0028 .03
AGEHHH .0064 1.90
AGEAVE2 2.0017 .38
EDINDHHH .0281 1.33
DU2 21.0483 3.84
DU3 2.9041 6.11
DU5 2.2422 1.57
DU6 2.6569 4.32
DU7 .1004 .72
DU8 2.4472 3.14
DU9 2.8095 5.611
DU10 2.6747 4.53
DU16 2.9470 5.65
Adjusted R2 .50

or equal to the observed market wage rates. This is not possible with the
limited available information.

Under these conditions, the comparison of productivity estimates,
obtained from the production function or the wage equations, is still pos-
sible. Although nonseparability does not mean that market wages and
marginal labor productivity are necessarily far apart, one expects to ob-
tain exact equality only in specific situations: homogeneity of tasks and
individuals considered in both equations, perfect markets, and nonselec-
tivity of the subsample of market workers. The conditions are probably
not fulfilled in our case. However, in our results it is interesting to ob-
serve the proximity of the estimated impact of the nutrition status on
these different measures of labor productivity. De Janvry, Fafchamps,
and Sadoulet suggest that when markets are imperfect, because of trans-
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action costs, the shadow rate would be between the observed wage rates
for labor demand and labor supply transactions of agricultural house-
holds.59 Since production function estimates are linked to labor demand
and wage equations are linked to labor supply, one may expect that the
effects of nutrition and health on productivity represented, respectively,
in production function and wage equations are the lower and upper
bounds of the effects in shadow wages.

Note that weight variability is the most important feature of the nu-
tritional index (since HT does not change a lot in the short term for
adults). This enables us to compare estimations involving different nutri-
tional indices such as WFH and BMI. Returning to the estimates of the
coefficients of the logarithms of WFH and BMI in tables 3 and 6, we can
assume that the error terms in the production function and in the wage
equation are independent and that comparison tests can be performed us-
ing the standard error calculated from the t-ratios given in the table. We
can check at the 5% and 10% levels that, first, the coefficients of the
logarithm of WFH are not statistically different in the three specifications
of the production frontier; second, the coefficients of the logarithm of
BMI are not statistically different in the wage equations associated with
the full sample and the male worker sample; third, these latter coeffi-
cients are not statistically different from the coefficient of the logarithm
of WFH in the wage equation for the male workers sample; and finally,
the coefficients on the logarithm of WFH of the head in the technology
estimates are not statistically different from the coefficients of the loga-
rithm of the various nutritional indices in the different versions of the
wage equations. On the whole, the order of magnitude of the elasticity
of labor productivity with respect to the nutritional status is approxi-
mately two or three, both in the direct estimates of technology and in the
wage equations.

The fact that the elasticities are similar for the two sets of estimates
does not necessarily imply that markets are working well, because health
and nutrition characteristics (but not nutrient intakes) are rewarded the
same in wage markets as in own production. First, due to the small sam-
ple sizes, the confidence intervals of elasticity parameters are large
enough to suggest that a different situation could occur with larger sam-
ples. Second, the coincidence of effects of health and nutrition character-
istics does not imply the coincidence of effects of other characteristics
explaining productivity or the coincidence of levels of labor rewards
(F ′L ≠ W). To this extent, the estimates suggest that the origin of market
imperfections is to be found elsewhere rather than in the influence of
health and nutrition. It may be that farmers are well aware of the link
between health, nutrition, and productivity, and less informed about
other characteristics of workers, such as level of effort or qualifications.

In contrast with Foster and Rosenzweig (see n. 11), the moral haz-
ard phenomena may not be associated with the level of health and nutri-
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tion characteristics but, rather, with the direct choice of effort level. In-
deed, since health and nutrition effects are quite apparent, compared to
direct nutrient intakes, it may be that imperfect markets actually incorpo-
rate information on worker characteristics.

Given these conditions, it has been possible to both reject separabil-
ity between income generation and consumption for poor rural house-
holds and to observe relatively similar effects of health and nutrition sta-
tus on labor returns in farm households and for agricultural laborers.
These results are consistent with the fact that markets are less developed
in rural Ethiopia than in many other areas, and that the health and nutri-
tion variables that we used in the estimation are relatively easy to ob-
serve. Such observability is helped by the landlords’ preference for long-
term relationships with their workers as noted in Eswaran and Kotwal.60

IV. Conclusion
In this article we provide empirical support for the link between health
and nutritional status and agricultural productivity in Ethiopia. Our re-
sults show that the distance to the source of water as well as nutrition
and morbidity status affect agricultural productivity. The market wage
rate is also very responsive to the weight-for-height as well as the body-
mass index and height. It is remarkable that elasticities of labor produc-
tivity with respect to nutritional status are strong and similar in technol-
ogy estimates and wage equations, particularly in a context where sepa-
rability between consumption and production decisions of the household
is rejected. Returns to investment in nutrition are clearly high in the Ethi-
opian context. The fact that they are close to an upper bound of what has
been found in other countries is consistent with the very low living stan-
dards of Ethiopian peasants. The results show a large scope for produc-
tivity improvement through better nutrition.

The type of distribution chosen for the one-sided term influences
the estimates of technical inefficiency. But, in all cases, the results indi-
cate substantial loss in output due to technical inefficiency even after ac-
counting for the health and nutrition of workers.

Appendix A
Description of the Sites (Wereda Name Is Given in Parentheses)
Haresaw (Atsbi): Ox-plow cereal cultivating area. Vulnerable to famine. Terrain

is flat;
Geblen (Subhasasie): Ox-plow, mainly cereal cultivating. The site is vulnerable

to famine. Situated on an escarpment;
Dinki (Ankober): Ox-plow (some irrigation), mainly cereal cultivating. The site

is considered vulnerable to famine. The terrain is hilly with gorges, and
there is some soil erosion;

Yetmen (Enemay): Ox-plow cereal cultivating. Considered rich. Terrain is flat;
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Shumsheha (Bugna): Ox-plow, cereal cultivating. Vulnerable to famine. Terrain
is flat;

Sirbana Godeti (Adaa): Ox-plow cereal cultivating. Rich. Terrain is flat;
Adele Keke (Kersa): Ox-plow (some irrigation) cereal and chat cultivating.

Rich. Terrain is flat and hilly;
Korodegaga (Dodota): Ox-plow cereal cultivating. Vulnerable to famine. Ter-

rain is flat, and there is some soil erosion;
Turufe Kechema (Shashemene): Ox-plow cereal cultivating. Rich. Terrain is flat;
Imdibir (Cheha): Hoe cultivating, mainly enset. Migration dependent;
Aze Deboa (Kedida Gamela): Hoe and ox-plow cultivating, cereal and perma-

nent crop. Migration dependent. Flat and hilly;
Adado (Bule): Hoe cultivating, mainly coffee and enset. Mountainous terrain;
Garagodo (Boloso Sore): Ox-plow, axe, and spade used. Enset and coffee culti-

vating area. Vulnerable to famine. Flat terrain;
Domaa (Daramalo): Ox-plow (some irrigation), cereal cultivating. Vulnerable

to famine. Terrain is flat;
Fajina Bokafiya, Karafino, Kormargefia, Milki (Debre Berhan): Ox-plow cereal

cultivating. Usually self-supporting. Terrain is flat.
The following peasant associations (PAs) are used in the production analy-

sis: Geblen, Dinki, Yetmen, Shumsheha, Sirbana Godeti, Adele Keke, Korode-
gaga, Turufe Kechema, Domaa, and the Debre Berhan PAs. We did not use
Haresaw, as the output data were almost entirely missing.

The following PAs are used in the wage equation: Adele Keke, Imdibir,
Adado, Garagodo, and Domaa.

Appendix B
Description of the Variables Used (Excluding Those Defined in the Text)
AGF1 5 Age group female, age ,5;
AGF2 5 Age $ 5 and ,10;
AGF3 5 Age $ 10 and ,18;
AGF4 5 Age $ 18 and ,50;
AGF5 5 Age $ 50;
AGM1 through AGM5 5 Age groups for males, as defined above for females;
RWLHHH 5 Dummy, number 1 if head of household can read and write a letter;
EDINDHHH 5 Years of schooling for head of household. For religious or tradi-

tional schooling we used 1 year;
EDINDMEM 5 Average years of schooling for members of the household;
DUED 5 Dummy, number 1 if head of household has completed primary school

or higher. In the wage equation this is for the particular individual;
AGEHHH 5 Age of head of household;
AGEAVE2 5 Average age of farmers or family farm workers (including domes-

tic workers);
AGEAVE10 5 Average age of farmers or family farm workers (excluding do-

mestic workers);
FUTIME 5 Time it takes to collect fuelwood for the household;
WALLS 5 Dummy, number 1 if walls are made of stone, brick, concrete, or

cement;
ROOF 5 Dummy, number 1 if roof is made of galvanized iron or wood;
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FEHHH 5 Dummy, number 1 if head of household is female;
QA2 5 Dummy, number 1 if there was enough rain at the beginning of the

season;
QA3 5 Dummy, number 1 if there was enough rain during growing of the crop;
QA5 5 Dummy, number 1 if it rained near harvest time;
QA6D 5 Dummy, number 1 if crop suffered from plant diseases;
QA6E 5 Dummy, number 1 if crop suffered from insects;
QA6FG 5 Dummy, number 1 if crop suffered damage from trampling by live-

stock or from birds or other animals;
QA6H 5 Dummy, number 1 if crop suffered from weed damage;
QA8A 5 Dummy, number 1 if household could not obtain oxen at the right time;
QA8B 5 Dummy, number 1 if farmer or household members too ill to work;
LIVESTOCK 5 Number of livestock owned by household;
NOADFA10 5 Number of adults in farming;
NOADFA2 5 Number of adults in farming and domestic work;
DWOFFA 5 Days worked off the farm by household members;
VALOUT 5 Total value of output;
FAMILY SIZE 5 Number of household members.

Notes
* We began this article while both of us were visiting lecturers at Addis

Ababa University and continued it at Oxford University. We are grateful for
helpful comments received at an Oxford seminar, especially from Simon Apple-
ton, and for very useful requests made by a referee. The views expressed are
ours and do not necessarily represent the views of any organization with which
we are affiliated.
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