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The Primacy of Institutions Reconsidered: Direct 
Income Effects of Malaria Prevalence 

Kai Carstensen and Erich Gundlach 

Some recent empirical studies deny any direct effect of geography on development and 
conclude that institutions dominate all other potential determinants of development. An 
alternative view emphasizes that geographic factors such as disease ecology, as proxied 
by the   re valence of malaria, may have a large negative effect on income, independent 
of the quality of a country's institutions. For instance, pandemic malaria may create a 
large economic burden beyond medical costs and forgone earnings by affecting house- 
hold behavior and such macroeconomic variables as international investment and trade. 
After controlling for institutional quality, malaria prevalence is found to cause quanti- 
tatively important negative effects on income. The robustness of this finding is checked 
by employing alternative instrumental variables, tests of overidentification restrictions, 
and tests of the validity of the point estimates and standard errors in the presence of 
weak instruments. The baseline findings appear to be robust to using alternative 
specifications, instrumentations, and samples. The reported estimates suggest that 
good institutions may be necessary but not sufficient for generating a persistent process 
of successful economic development. 

Economists, historians, and other social scientists have explained the large 
differences in the standard of living between the world's richest and poorest 
nations in many different ways. One strand of the literature has emphasized the 
preeminent role of physical geography in explaining cross-country differences in 
the level of development. Some recent empirical studies deny any direct effect of 
geography on development and conclude that institutions dominate all other 
potential determinants of development (Hall and Jones 1999; Acemoglu, Johnson, 
and Robinson 2001; Easterly and Levine 2003; Rodrik, Subramanian, and Trebbi 
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2004). Engerman and Sokoloff (1997) and Acemoglu, Johnson, and Robinson 
(2002) examine how geographic endowments in the Americas may have shaped 
factor abundance (people per unit of land) and how unequal factor abundance 
may have shaped persistent institutions imposed by the colonizing powers that 
enabled the entrenchment of a small group of elites. Because the Industrial 
Revolution required the broad participation of the population in entrepreneurship 
and innovation, economies were favored that started with a more equal factor 
abundance (due to geographic endowments) and hence with institutions that 
resulted in a less unequal distribution of income and wealth. Overall, this new 
literature emphasizes that geographic endowments affect the level of development 
only through their impact on factor abundance, political economy, and institu- 
tions and not more directly. 

While development economists can easily agree on the relevance of good 
institutions for successful development and on the indirect role of physical 
endowments in shaping different institutional outcomes and different paths 
of development, there is no agreement on the direct role of geography for 
development in the recent empirical literature. Partly by highlighting the 
arguments of the older literature and partly by presenting new empirical 
evidence, Jeffrey Sachs and his coauthors in particular have argued in a 
series of papers that measures of geography such as disease ecology may 
directly affect the level of economic development in addition to the undis- 
puted effects of the institutional framework of a country (Bloom and Sachs 
1998; Gallup, Sachs, and Mellinser 1999; Gallup and Sachs 2001; Sachs 2001; 
McArthur and Sachs 2001; Sachs and Malaney 2002; Sachs 2003). The main 
disagreement in the current debate concerns the robustness of the empirical 
evidence presented by Sachs and his coauthors, which has been directly rejected 
by Acemoglu, Johnson, and Robinson (2001) and Rodrik, Subramanian, and 
Trebbi (2004) and is in conflict with the studies that favor the primacy of 
institutions. 

A parsimonious baseline specification is used here to reconsider the general 
econometric limitations of alternative empirical strategies that have been applied 
to derive clear-cut conclusions with regard to the deep determinants of develop- 
ment. Recent empirical studies have not treated geographic variables such as 
disease ecology in the same way as measures of institutions, thus probably 
reducing the chances of the geography hypothesis to prevail. The contribution 
of this article is to see whether a measure of disease ecology such as malaria 
prevalence, which is likely to be an endogenous geography variable, directly 
explains the level of development independent of a measure of institutions, 
which is also likely to be an endogenous variable. This appears to be an unsettled 
question in the empirical literature. 

Mainly to keep the empirical analysis tractable in the presence of a 
limited number of candidates for instrumental variables, explanatory vari- 
ables other than institutions and disease ecology are ignored, not least 
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because measures such as the quality of economic policies (Easterly and 
Levine 2003) or the level of trade integration (Rodrik, Subramanian, and 
Trebbi 2004) have not been found to exert a direct effect on the level of 
development independent from the effect of institutions. Instead, the emphasis 
is on the fundamental problems of statistical inference implied by instrumental 
variable estimation and on tracing the basic reason for the different empirical 
results on the direct role of disease ecology. After controlling for institutional 
quality, malaria prevalence is found to have quantitatively important direct 
negative effects on income. This finding appears to be robust to alternative 
specifications, instrumentations, and samples. 

Finding a robust direct effect of malaria prevalence, which is held to be a 
proxy for the adverse disease ecology of a country, should matter for devis- 
ing appropriate development policies. For instance, if there is no empirical 
evidence that malaria prevalence directly affects the level of development in 
impoverished countries, foreign aid may be targeted mainly to improve 
policies and institutions. But the finding that there are such direct effects 
on income means that foreign aid should also be spent on solving biophy- 
sical and technological problems that are specific to public health in tropical 
countries. Especially in Sub-Saharan Africa, but probably also in parts of 
Asia and Latin America, poor countries may need something in addition to 
good institutions to generate a persistent process of successful economic 
development. 

The various approaches that have been used to identify the many possible links 
between geographic endowments, institutions, and level of development can be 
represented with the help of figure 1. The solid arrows indicate the potential 
directions of causality between the variables considered, the dashed arrows 
indicate the relation between the instrumental variables and the endogenous 
explanatory variables, and the dotted arrow indicates the possibility of testing 
for overidentification restrictions, if there are more instrumental variables than 
endogenous variables. 

Instrumental variables are needed to identify the direct development effects of 
institutions and other endogenous explanatory variables. An instrumental vari- 
able can be used to identify that part of the variation in the endogenous 
explanatory variables that is exogenous to the variation in the dependent vari- 
able, which here is the level of income per capita. The solid arrows indicate that 
the instrumental variable method can identify the true causal effect of the 
endogenous variables on the level of income. If valid instrumental variables are 
available, unbiased estimates of the causal effects on income of institutions, 
disease ecology, and other variables may be obtained without having to identify 



FIGURE 1. Alternative Links between Geography, Institutions, and 
Development 

Source: Authors' summary. 

the potential reverse causality from the level of income to the explanatory 
variables. In addition, the instrumental variable method can be used in principle 
to identify the web of relations between the endogenous explanatory variables 
and the indirect effects of geography on the level of income. 

Indirect effects of geography are especially highlighted by Engerman and 
Sokoloff (1997). In terms of figure 1, they argue that geographic endowments 
may determine factor abundance (the arrow from "location" to "other vari- 
ables"), factor abundance may entrench persistent institutions, and institutions 
may influence the level of development. In line with their hypothesis, Rodrik, 
Subramanian, and Trebbi (2004) consider whether a measure of location may 
affect the level of development directly or indirectly through measures of institu- 
tions and trade integration. They find only weak statistical evidence for a direct 
effect of a measure of geography, whereas a measure of the quality of institutions 
appears as the only important explanatory variable. Their conclusion is 
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confirmed by Easterly and Levine (2003), who do not use a measure of geogra- 
phy in their specification but instead employ an overidentification test to see 
whether their set of geography-based instrumental variables can be considered 
valid. They find no evidence that any of their instrumental variables should be 
included in their specification, which may also be interpreted as supporting the 
hypothesis of the primacy of institutions.' 

With all possibilities taken into account, certain variables may affect the 
level of income directly, through their effects on other variables, through one 
channel, or not at all. Empirical estimates of the various potential causal effects 
depend crucially on the quality of the available instrumental variables, which 
have to be correlated with the endogenous explanatory variables but uncorre- 
lated with the error term in the structural equation. This condition will be 
satisfied if the instrumental variables affect the dependent variable only indir- 
ectly through the endogenous explanatory variables that are included in the 
structural equation and if the instrumental variables are not affected by any 
feedback from the endogenous variables. Thus, almost by definition, valid 
instrumental variables are difficult to come by in the cross-country empirics 
of development, because most economic variables are affected by the level of 
income. Measures of geography play a special role in this context because most 
of them, such as distance from the equator or temperature, can undoubtedly be 
considered as exogenous to the level of development and to the endogenous 
explanatory variables. 

The problem is that once a measure of geography has a direct effect on the level 
of income, it no longer qualifies as a valid instrumental variable. For instance, 
local temperature may affect the level of income either directly through the 
location-income link or through its effects on other variables (figure 1). Where 
there is a direct location-income link, the measure of geography cannot be used as 
an instrumental variable. And if the remaining available instrumental variables are 
also mainly measures of geography such as distance from the equator, the inde- 
pendent variation across the exogenous variables could probably turn out to be 
too small to allow for an empirical identification of all causal effects of interest. 

Acemoglu, Johnson, and Robinson (2001) estimate a specification where 
institutions and malaria prevalence determine the level of income. Since the 
measure of malaria prevalence is not instrumented but is nevertheless statisti- 
cally insignificant, they conclude that there is no causal disease-income link. In 
support of their empirical results, Acemoglu, Johnson, and Robinson dismiss a 
priori the possibility that tropical diseases such as malaria could have a large 
effect on the level of development because people living in areas where such 
diseases are endemic may have developed immunities against the diseases. 
According to this view, malaria is unlikely to have strong income effects because 
it is a debilitating rather than a fatal disease, with the risk of severe illness and 

1. See Hall and Jones (1999) for the same line of reasoning based on overidentification tests. 



death limited mainly to people without any immunity such as children below the 
age of 5 years and adults who grew up elsewhere, like European settlem2 

However, this argument ignores other mechanisms through which malaria 
may affect the level of income. For instance, one form of immunity against 
malaria comes at a cost for the adult population. The sicltle cell trait provides 
protection against malaria without serious health complications when inherited 
from only one parent, but the same allele inherited from both parents leads to 
sickle cell anemia.3 Sickle cell anemia generates severe episodes of pain and 
increasing infections, outcomes that are at least comparable to the direct nega- 
tive health effects of malaria experienced by people without any immunity. 
These considerations suggest that due to natural selection, areas with a high 
prevalence of malaria are likely to be areas with a high prevalence of sickle cell 
anemia. Some estimates claim that up to 40 percent of the population in tropical 
Africa may carry the sickle cell trait.4 Thus, malaria may additionally cause poor 
health and absenteeism of the workforce through natural selection in favor of a 
high prevalence of the sickle cell trait. 

This is not to deny that traditional studies of the economic costs of malaria 
find relatively small gross domestic product (GDP) losses on the basis of the total 
number of cases and the fixed costs of prevention and treatment. But there are at 
least two other mechanisms through which the pandemic nature of malaria can 
impose large economic costs, namely by affecting household behavior and 
macroeconomic variables such as foreign direct investment, trade, and tourism 
(Sachs and Malaney 2002). In response to the disease, households may increase 
fertility and thus the dependency ratio, which will reduce GDP per capita. A high 
fertility rate is also likely to reduce investments in human capital per child, which 
may reduce possibilities for long-run development. In addition, malaria infec- 
tions can reduce the cognitive development and learning ability of children, 
which may further depress the long-run average skill level and thus the level of 
development. Malaria may also decrease household investment in physical 

2. The Anopheles mosquito is the vector that transmits malaria from human to human. The mosquito 
must first bite an infected person who is sick with malaria. Then, the mosquito must survive several days 
while the malaria parasite develops in its body. Finally, the infected mosquito must bite another human to 
complete the circle of infection. About 40 species of the Anopheles mosquito are significantly involved in 
the transmission of malaria. These species differ substantially with respect to their feeding behavior on 
humans and their longevity. Thus, all other things constant, the potential for malaria transmission will be 
high in densely populated regions where the locally dominant Anopheles has developed, through biolo- 
gical evolution, a specific human-biting behavior and a relatively high daily survival rate and has found 
excellent breeding conditions. Most tropical regions combine these favorable conditions for malaria 
  re valence. In moderate climatic zones far away from the equator, the breeding conditions are less 
favorable, and the locally dominant Anopheles mosquitoes are less specialized on human biting and 
usually less robust. However, differences in the potential for malaria transmission do exist not only across 
but also within climatic zones, as is shown by a new measure called the stability of malaria transmission 
(Kiszewski and others 2004). 

3. For information on sickle cell anemia, see http://www.scinfo.org/ (March 2006). 
4. See http://www.pbs.org/wgbh/evolution/library/01/2/1~012~02.html (March 2006). 
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capital compared with a situation with less-frequent episodes of illness, lower 
fertility, and lower dependency ratios. 

At the macroeconomic level, malaria appears to suppress the economic lin- 
kages between malarious and nonmalarious regions of the world. Foreign inves- 
tors may avoid malarious regions if the disease burden raises the costs of 
attracting the needed labor force, and with less foreign investment inflows, 
there will be fewer possibilities of exploiting comparative advantages by specia- 
lization and international trade. For instance, trade in services such as tourism 
cannot prosper under conditions of high rates of malaria transmission, which 
will reduce the possibility to import growth-enhancing investment goods. In 
addition, malaria might be closely related to other diseases, either as a direct 
causal factor or by rendering individuals more susceptible to other diseases, 
which would further increase its cumulative economic costs. Malaria prevalence 
may thus have much larger economic costs than will be visible from calculating 
only the direct medical costs and forgone earnings, especially if international 
trade in goods and services and international investment are critical factors for 
development in an era of closer global economic integration. 

To put the geography hypothesis on a more equal footing with the primacy 
of institutions hypothesis, both the prevalence of malaria and the quality of 
institutions are used as endogenous explanatory variables, as suggested by Sachs 
(2003). The main interest is the relative size of the causal effects of the institu- 
tions-income link and the disease-income link (figure 1). This approach 
differs from the approaches by Hall and Jones (1999), Acemoglu, Johnson, 
and Robinson (2001), Easterly and Levine (2003), and Rodrik, Subramanian, 
and Trebbi (2004), which do not always instrument their measure of endo- 
genous disease ecology, use an exogenous measure of geography, or rely on 
an overidentification test only. Because of previous results reported in the 
literature and a general shortage of plausible instrumental variables, all 
possible effects that might result from explanatory variables other than 
institutions and disease ecology are ignored, as are possible links between 
institutions and disease ecology. Different from Sachs (2003), additional 
instrumental variables are employed, recently developed econometric tests 
are used to check the validity of the point estimates and standard errors in 
the presence of weak instrumental variables, and a test for overidentification 
restrictions is applied to avoid a potentially unjustified exclusion of exogenous 
measures of geography from the baseline specification. 

In line with previous empirical studies, the following cross-country regression 
equation is used to estimate the relative effects of institutional quality (INSTI- 
TUTIONS) and malaria prevalence (MALARIA) on economic development, 
which here is measured by the logarithm of GDP per capita (InGDPC): 



where E~ is an error term with zero mean and common variance, and ,& and P3 
are the coefficients of interest. The research question is whether an estimate of 
P3, as represented by the disease-income link in figure 1, is statistically different 
from zero, negative, and quantitatively important. To better understand where 
the different results in the literature may come from, the baseline specification 
[(equation (I)]  is re-estimated by paying particular attention to the choice of the 
variables, the instruments, and the country sample. 

The Choice of the Variables 

Indicator variables are needed to measure the effects of institutions and geogra- 
phy on the level of economic development. Such indicator variables are necessa- 
rily incomplete and erroneous because the three concepts are multidimensional 
and difficult to measure. Therefore, different indicator variables are used. The 
dependent variable is either the lngdpc in 1995, which is used by Acemoglu, 
Johnson, and Robinson (2001), Easterly and Levine (2003), and Rodrik, 
Subramanian, and Trebbi (2004), or the log of GDP per working age person in 
1990 (lngdpw), which appears to be more closely related to the applied growth 
literature and is used by Hall and Jones (1999).j 

Institutional quality is measured by one of the following three variables: an 
average index of the quality of governance in 1996 (rule) from Kaufmann, 
Kraay, and Mastruzzi (2004), the index of government antidiversion policies 
in 1986-95 (gadp) used by Hall and Jones (1999), and the index of protection 
against expropriation in 1985-95 (exprop) used by Acemoglu, Johnson, and 
Robinson (2001). To measure disease ecology, two measures of malaria pre- 
valence are employed: the proportion of a country's population at risk of malaria 
falciparum transmission in 1994 (malfal) used by Acemoglu, Johnson, and 
Robinson (2001) or a new index of malaria risk (malrisk) suggested by Sachs 
(2003). The new index is based on the prevalence of nonfatal species of the 
malaria pathogen (Plasmodium vivax, Plasmodium malariae, Plasmodium 
ovule), where a relatively higher proportion of malaria vivax is reported for 
the Americas, Europe, and much of Asia than for sub-Saharan Africa. For 
international comparisons, the new index may provide a more accurate measure 
of the share of the population that is at risk of malaria infection than the measure 
used by Acemoglu, Johnson, and Robinson (2001). 

The Choice of the Instrumental Variables 

Two premises, both suggested by Acemoglu, Johnson, and Robinson (2001), are 
used to find an instrumental variable for institutional quality. First, studying the 
impact of institutions on the level of development has to focus on a sample of 

5. See the appendix for detailed descriptions of the data and sources. 
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former colonies, because only this sample provides the necessary exogenous 
variation in measures of institutions that can be exploited to estimate a causal 
effect. Second, the potential endogeneity of any measure of institutional quality 
should be controlled for by a measure that is correlated with the current varia- 
tion in the institutional frameworks without being influenced by current eco- 
nomic c~ndi t ions,~ and it should only affect the current level of development 
through its effect on institutions but not directly. In this context, mortality 
among European settlers in the early nineteenth century appears to be the 
most plausible instrumental variable that has been suggested to date. 

Differences in mortality among early settlers across colonies, which were well 
known in Europe at the time, may explain the differences in institutional frame- 
works that were created by the colonizing powers. For instance, regions with 
low mortality were favored for settlement, and colonies of settlers may have 
implemented for themselves a set of institutions that resembled the institutions 
of their home countries by establishing property rights, the rule of law, and 
checks against government power. In regions where large-scale settlement was 
not feasible for Europeans because of an unfavorable disease ecology and high 
rates of mortality, the colonial powers may have imposed a different set of 
institutions that did not protect private property and did not provide protection 
against expropriation but instead focused mainly on the extraction of natural 
 resource^.^ Since early settler mortality is certainly independent of current 
economic conditions and since early institutional frameworks have proved to 
be fairly persistent over time (Acemoglu, Johnson, and Robinson 2001), settler 
mortality across former colonies can be used as an instrumental variable that 
helps to identify the exogenous cross-country variation in current institutional 
frameworks. 

To control for the endogeneity of malaria prevalence, a new measure of 
malaria ecology (maleco) is considered that was developed by Kiszewski and 
others (2004) and first used for cross-country regressions by Sachs (2003). Since 
this measure of malaria ecology is built only on the climatic factors and biolo- 
gical properties of each regionally dominant malaria vector, Kiszewski and 
others (2004) claim that maleco is exogenous to public health interventions 
and economic conditions and thus can be considered as a valid instrumental 
variable in regressions of economic development on malaria risk. 

The index of malaria ecology measures the contribution of regionally domi- 
nant vector mosquitos to the potential transmission intensity of malaria. Thus, it 
includes regions where malaria is not currently transmitted but where it had 

6. Technically, this means that the control measure should be uncorrelated with the error term of the 
income equation [equation (I)]. 

7. The hypothesis advanced by Acernoglu, Johnson, and Robinson (2001) that geographic and 
climatic conditions were decisive for the adoption of institutions that favored either settlement or resource 
extraction is in conflict with some historical facts for the colonization of the Americas. An alternative 
hypothesis favored by Engerman and Sokoloff (1 997) emphasizes initial factor abundance as determinants 
of institutions. See Hoff (2003) for a survey of the issues. 



been transmitted in the past or might be in the future.* Since the region-specific 
dominant malaria vector reflects only the forces of biological evolution, it can be 
considered independent of current economic conditions. That is, terms likely to 
be affected by economic conditions or public health interventions (mosquito 
abundance, for example) do not enter the calculation of the index. The index 
reveals that, because of different vector properties, a given malaria intervention 
is likely to have a smaller impact in the tropics than in more temperate climatic 
zones, where the vector is less robust and does not specialize in human biting and 
where the parasite has less fatal infectious consequences. 

However, Rodrik, Subramanian, and Trebbi (2004) doubt that maleco is 
actually exogenous to current economic conditions. They object that Sachs 
(2003) does not detail the construction of the index and point out that Kiszewski 
and others (2004) do not discuss exogeneity at all.9 While this critique is 
technically correct, doubts regarding the exogeneity of maleco may not be 
justified, as discussed in the previous paragraph. Nevertheless, three sets of 
further instrumental variables that relate to the climatic environment, the influ- 
ence of Western European languages, and the openness of a country are con- 
sidered in addition to the two baseline instruments lnmort and maleco. 

Temperature, rainfall, and latitude are additional measures of the climatic 
environment that can be related to preconditions for the prevalence of malaria. 
Since a key part of the life cycle of the parasite depends on a high ambient 
temperature, malaria is intrinsically a disease of warm environments. Malaria 
also depends on adequate conditions of mosquito breeding, mainly pools of 
clean water from rainfall. Hence, the prevalence of frost (frost), measured as 
the proportion of a country's land receiving 5 or more frost days in winter, or the 
degree of humidity (humid), measured as the highest temperature during the 
month when average afternoon humidity is at its highest, may be considered as 
appropriate instrumental variables that are exogenous to economic conditions. 
In addition, distance from the equator as measured by the absolute latitude of a 

8. Abstracting from all detail, the construction of the index proceeds in two basic steps. First, the 
regionally dominant Anopheles mosquito is identified across countries in which malaria is or has been 
endemic. The criteria for the identification of the dominant vector are its longevity and its human-biting 
habit. Second, the index of malaria ecology is calculated as (aTp"/(- l n p z ) ,  where i is the identity of the 
dominant malaria vector, a is the proportion of vector i biting people [0,1], p is the daily survival rate of 
vector i [0,1], and E is the length of the extrinsic incubation period in days, which depends mainly on 
average temperature and differs between Plasmodium falcipamrn and Plasmodium uiuax. Hence, the 
index value for a specific country is measured as a function of climatic factors that determine the required 
habitat of the dominant vector and of biological properties of the region-specific dominant vectors. 

9. Information on the construction of the malaria transmission index (malaria ecology) is available 
online at  http://www.earth.columbia.edu~about/director/malaria/index.html (March 2006). A previous 
version of the text describing the construction of the index may have contributed to the impression that 
maleco is not  urged of endogeneity, because it stated that a measure of mosquito abundance is included 
in the calculation. However, observed mosquito abundance enters the index of malaria ecology only as a 
screen for precipitation data, where the independently identified dominant malaria vector is assumed to be 
absent from the specific site under consideration if precipitation falls below a certain level per month. 
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country (latitude) may also be used as a proxy for the climatic environment. 
What has to be taken into account, however, is that these three measures of 
climatic conditions may be instrumental variables not only for measures of 
disease ecology but also for measures of institutional quality. This is because 
settler mortality and thus the design of early institutions were influenced by the 
prevailing climatic conditions of the colonies. In this context, Acemoglu, 
Johnson, and Robinson (2001) point out that their work shows why absolute 
distance from the equator might matter as an instrument for a measure of 
institutions, as used in Hall and Jones (1999). 

Other plausible instrumental variables than measures of geography are more 
difficult to come by. One possibility is to consider the share of the population 
that speaks English (engfrac) or another Western European language (eurfrac) as 
the first language. As suggested by Hall and Jones (1999), these variables may 
reflect the different degree of Western European influence on the sample coun- 
tries and thus may help to identify the exogenous variation in measures of 
institutions. Since Acemoglu, Johnson, and Robinson (2001) generally question 
the exogeneity of these variables, some formal tests of exogeneity are provided 
when using them in the checks of the robustness of the baseline results. 

Furthermore, instrumental variables that are used for checking robustness 
relate to a country's trade openness. More open countries may have better 
institutions because openness may encourage less arbitrary government beha- 
vior, especially toward property rights. Thus, exogenous measures.of openness 
could be used as instrumental variables for measures of institutions. Two mea- 
sures of openness are employed: the proportion of land area that is within 100 
kilometers of the coast (coast), which is taken from McArthur and Sachs (2001), 
and the (log) predicted trade share of a country (trade), which is constructed by 
Frankel and Romer (1999) from a gravity model that uses mainly geographical 
variables to explain actual bilateral trade flows. 

Choice of the Sample 

The sample of countries is limited to former colonies for which data on early 
settler mortality are available. Acemoglu, Johnson, and Robinson (2001, table 7, 
p. 1392) estimate equation 1 for a sample of 62 countries. This sample, however, 
includes 14 countries that are known to provide unreliable statistics (rated as D 
countries in Summers and Heston 1991), two countries that are very small (less 
than 1 million inhabitants in 1990), and one country that depends mainly on oil 
production. These countries are removed from the sample. Thus, baseline results 
are reported for a smaller but probably more reliable sample of 45 former 
colonies that are not statistical terra incognita, small, or dependent on oil 
production. By contrast, previous studies that took issue with the Acemoglu, 
Johnson, and Robinson result on the primacy of institutions (McArthur and 
Sachs 2001; Easterly and Levine 2003; Sachs 2003; Rodrik, Subramanian, and 
Trebbi 2004) increased the Acemoglu, Johnson, and Robinson sample size but 



disregarded data quality. As a robustness check of the baseline findings on 
sample size, a larger sample of countries with additional observations on settler 
mortality (Acemoglu, Johnson, and Robinson 2000) is also included. 

To begin, equation 1 is estimated by two-step least squares ( ~ S L S )  using lngdpc as 
the dependent variable, rule and malfal as explanatory variables, and lnmort and 
maleco as instrumental variables. This baseline specification is close to specifica- 
tions in the literature. In particular, (a) lngdpc is used as the dependent variable 
by Acemoglu, Johnson, and Robinson (2001), Easterly and Levine (2003), and 
Rodrik, Subramanian, and Trebbi (2004); (b) rule is used as a measure of 
institutional quality by Easterly and Levine (2003) and Rodrik, Subramanian, 
and Trebbi (2004); and (c) malfal is used as a measure of malaria prevalence by 
Acemoglu, Johnson, and Robinson (2001). The results are presented in column 1 
of table 1. 

The point estimates have the expected signs and are quantitatively important. 
The point estimate of p2 reflects the change in log output per capita associated 
with an one-unit increase in the index of governance quality. Thus, ,B2 = 0.89 
implies that a difference of 0.1 in the governance index is associated with a 8.9 
percent cross-country difference in output per capita. To show the potential 
magnitude of the estimated effect of the measure of institutions on economic 
performance, two countries in the sample that represent about the 70th and the 
30th percentile of the governance index are compared, South Africa with an 
index value of 0.21 and Ecuador with a value of -0.40. This difference is 
predicted to result in a 0.54 log-point difference [(0.21 + 0.40) times 0.891 
between the log per capita GDPS of the two countries. That is, the per capita 
GDPS of South Africa and Ecuador are predicted to differ by a factor of about 1.7 
due to institutional differences, whereas their sample per capita GDPS differ by a 
factor of about 2.7. 

The point estimate of ,B3 reflects the change in log output per capita associated 
with an one-unit increase in malaria prevalence. Thus, ,B3 = -1.04 implies that 
the per capita GDPS of Paraguay and Pakistan, which represent roughly the 40th 
and the 70th percentile of the highly stratified distribution of the malaria index 
(with percent values of 0.001 for Paraguay and 0.49 for Pakistan), should differ 
by a factor of about 1.7 due to the differences in the proportion of the popula- 
tion that lives with the risk of malaria infection, whereas the sample per capita 
GDPS of these two countries differ by a factor of about 2.6. 

The point estimates are statistically significant, with estimated standard 
errors of 0.18 for P2 and 0.30 for ,B2, which imply t-statistics of 5.04 and 
-3.46. These values indicate statistical significance at the 5 percent level when 
using t-tests based on conventional asymptotic theory. The reported conven- 
tional confidence intervals contain the unknown true parameters with a 
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TABLE 1 . Baseline Estimation Results 

1 2 3 4 

Explanatoryvariables rule malfal rule malrisk gadp malfal exprop malfal 

Estimated coefficients 
Two-step least square 0.89 -1.04 

Standard error 0.18 0.30 
Fullera 0.89 -1.05 

Standard error 0.17 0.30 
Bounds of 95 percent confidence intervals 

Conventional 
Upper 0.53 -1.65 
Lower 1.25 -0.43 

Conditional likelihood ratio 
Upper 0.44 -1.83 
Lower 1.43 -0.18 

Number of observations 45 
Number of instruments 2 
First-stage statistics 

F-statistic 28.12 42.31 
p-value 0.00 0.00 
Partial R 0.57 0.67 
Shea partial R 0.37 0.43 

Weak-instrument testb 

Cragg-Donald 11.45 
Critical value 7.03 

Note: All specifications are estimated with the instrumental variables lnmort and maleco for the 
small sample of 45 countries. 

"Denotes the Fuller estimator with correction parameter c = 1 proposed by Hausman, Stock, and 
Yogo (2005). 

b ~ h e  Cragg-Donald statistic (Cragg and Donald 1993) is used by Stock and Yogo (2002) for 
weak-instrument tests. If the Cragg-Donald statistic exceeds the critical value, then a standard 
significance test with nominal size of 5 percent has a maximal size of 10 percent. 

Source: Authors' analysis based on data described in the text. 

confidence level of 95 pzrcent. Thus, the true coefficient of the governance 
index is estimated to be between 0.53 and 1.25, and the true impact of malaria 
prevalence is estimated to be between -1.65 and -0.43. However, these results 
depend on instrument relevance, as emphasized by the recent literature on 
weak instruments (Staiger and Stock 1997; Moreira 2003). If the instrumental 
variables are only weakly correlated with the endogenous explanatory vari- 
ables, conventional asymptotic theory no longer holds, and statements about 
statistical significance and inference may lead to the wrong conclusions. The 
relevance of the instrumental variables has to be checked to allow for state- 
ments about statistical significance. 

The first-stage regressions supply valuable information about the relevance of 
the instrumental variables. Highly significant F-statistics of 28.1 and 42.3 for the 



first-stage regressions of rule and of malrisk are reported (see table 1). In 
addition, both the usual partial R2 and the Shea (1997) partial R2 are far 
above zero. These test results point to strong instruments, but even large first- 
stage F-statistics can be misleading. For example, the two instruments lnmort 
and maleco may not carry sufficient independent information, which could 
make it difficult to identify distinct effects of rule and malrisk. To this end, a 
statistic proposed by Cragg and Donald (1993) is computed, which represents 
the relevance of the weakest instrument. Using weak-instrument asymptotic 
theory, Stock and Yogo (2002) show that a conventional significance test on ,8 
with a nominal size of 5 percent has an actual size of 10 percent or more, and is 
thus severely distorted, if the Cragg-Donald statistic is below 7. Since the Cragg- 
Donald statistic equals 11.45, the results of the baseline specification are not 
affected by weak-instrument problems. 

As a further robustness check for specifications with potentially weak instru- 
ments, a modified limited information maximum likelihood estimator (Fuller 
1977) is applied. This Fuller estimator with modification parameter = 1 is more 
robust to the presence of weak instruments than ~ S L S  (Hahn, Hausman, and 
Kuersteiner 2004; Hausman, Stock, and Yogo 2005). The Fuller point estimates 
are almost identical to the 2 s ~ s  estimates, with estimates of 0.89 for P2 and 
-1.05 for P3. In addition, 95 percent confidence intervals are computed based 
on inverted conditional likelihood ratio (CLR) tests that take any weak-instru- 
ment problem into account (Moreira 2003).1° The CLR intervals turn out to be 
only slightly larger than the confidence intervals based on conventional asymp- 
totic theory reported above, ranging from 0.44 to 1.43 for P2 and from -1.83 to 
-0.18 for P3. In particular, when the CLR confidence intervals are turned into 
significance tests, both ,B2 and P3 are individually statistically significant, 
because the confidence intervals do not include zero. 

Before ~roceeding with further robustness checks, it is worth summarizing 
the results obtained with the baseline specification. The point estimates for the 
effects of institutional quality and malaria prevalence have the expected signs 
and are economically important. They do not appear to suffer from a weak- 
instrument problem and so appear statistically significant as well. Identifying a 
direct effect of a measure of disease ecology on the level of development 
conflicts with the evidence presented by Hall and Jones (1999); Acemoglu, 
Johnson, and Robinson (2001); Easterly and Levine (2003); and Rodrik, Sub- 
ramanian, and Trebbi (2004) and confirms the evidence presented by Sachs 
(2003). 

10. Since there are two endogenous explanatory variables, the approach of Moreira (2003) delivers a 
bivariate confidence region from which two univariate confidence intervals are calculated by the projec- 
tion method put forward by Dufour (1997). A Matlab program that accomplishes this task is available on 
request. 
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IV. ROBUSTNESS 

The results of the baseline specification are subjected to a number of robustness 
checks, beginning with the effects on the baseline results of alternative measures 
of the dependent variable and of the endogenous explanatory variables. Other 
robustness checks assess the inclusion of alternative and additional instrumental 
variables, the validity of the baseline instruments lnmort and maleco, and the 
impact on the results when a larger sample of countries is used. 

Effects of Alternative Variables 

Estimation results for specifications with alternative explanatory variables are 
presented in columns 2-4 of table 1. In column 2, institutional quality is still 
measured by the governance index (rule), but malaria prevalence is now mea- 
sured by the risk of infection with the nonfatal malaria pathogen (malrisk). The 
main difference from the baseline specification is the smaller weight for institu- 
tional quality and the larger weight for malaria prevalence. This difference may 
be due simply to estimation uncertainty, which has increased compared with the 
baseline specification, as indicated by the larger confidence intervals. Moreover, 
the weak-instrument problem is of slightly greater relevance than before, as 
indicated by a smaller Cragg-Donald statistic, which nevertheless still exceeds 
the critical value of 7. Despite somewhat weaker test statistics, all general 
conclusions drawn from the baseline specification are confirmed by the specifi- 
cation with malrisk as well. Therefore, all further-reported specifications use 
malfal as the measure of malaria prevalence.11 

In column 3, the governance index is replaced by the index of government 
antidiversion policies (gadp) as a measure of institutional quality, while malaria 
prevalence is measured by the risk of infection with malaria falciparurn (malfal). 
The point estimate for p2 is considerably larger than in the baseline specification, 
but this is due mainly to the smaller variance of gadp compared with rule. The 
point estimate for P3 is also absolutely larger than in the baseline specification, 
but the difference is not substantial if estimation uncertainty is taken into 
account. The economic significance of these estimates can be shown again for 
the country pairs discussed above. With a point estimate of 3.31 for p2, the 
empirical model predicts that the per capita GDPS of South Africa and Ecuador 
differ by a factor of 1.7 due to differences in institutional quality, whereas their 
sample per capita GDPS differ by a factor of about 2.7. With a point estimate of 
-1.48 for P3, the model predicts that the per capita GDPS of Paraguay and 
Pakistan differ by a factor of 2.1 due to differences in malaria prevalence, 
whereas their sample per capita GDPS differ by a factor of about 2.6. The 
statistical significance of these estimates can be inferred from both the conven- 
tional and the CLR confidence intervals, which do not include zero. In addition, 

11. Detailed results based on specifications with malrisk are available on request. 
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there is no weak-instrument problem, as indicated by a large Cragg-Donald 
statistic. 

In column 4, the governance index is replaced by the risk of expropriation 
(exprop), while the risk of infection with malaria falciparum (malfal) remains the 
measure of malaria prevalence. This is the specification analyzed by Acemoglu, 
Johnson, and Robinson (2001, table 7), who obtain an insignificant effect of 
malaria prevalence with their sample of countries (without instrumenting malfal). 
For the re-estimated equation, the point estimate of pz is smaller than in the 
baseline specification, but this may be explained by the estimation uncertainty and 
the larger variance of exprop compared with rule. The point estimate of P3 is 
virtually unchanged. At first sight, both estimates appear statistically significant, 
as indicated by low standard errors ( 2 s ~ ~  and Fuller). However, the Cragg-Donald 
statistic of 5.74 indicates a weak-instrument problem. The 2 s ~ s  estimator may be 
biased and the conventional confidence intervals may be inadequate. While the 
point estimates and standard errors remain virtually unchanged when the robust 
Fuller estimator is used, the CLR confidence intervals of Moreira (2003) indicate 
that the estimate of the coefficient on exprop is statistically significant but the 
estimate of the coefficient on malfal is not. 

However, this result does not necessarily imply that malaria prevalence does 
not have an effect on per capita income. Rather, it indicates that it may not be 
possible to identify an independent effect with sufficient precision, given the 
relatively small sample size. This view can be supported by two observations. 
First, a correlation coefficient of 0.6 shows that the instrumental variables 
lnmort and maleco are strongly correlated, which does not leave much informa- 
tion in one instrument that is independent of the other. While this information 
appears to be sufficient for the previous specifications, it turns out to be insuffi- 
cient for the current specification, as indicated by lower Shea partial than 
before. 

Second, the power of the significance test for /'33 (which is derived from its 
estimated confidence interval) might be low, probably due to the weak-instru- 
ment problem. While not much is known about the power of significance tests in 
the presence of weak instruments, power is certainly lower than in the conven- 
tional strong-instrument case, due to reduced estimation precision. More speci- 
fically, the power of a significance test for P3 using conventional asymptotic 
theory should give an upper bound for the power of a significance test under 
weak-instrument asymptotic theory. Fortunately, power for the former test can 
be easily calculated following the approach by Andrews (1989). An interval with 
power below 0.5 is calculated to see in which region of true parameter values 
i/j3 f 0 the test can be expected not to reject the wrong null hypothesis P3 = 0. 
The interval turns out to be [-0.67, 0.671. This implies that true parameter 
values of P3 between -0.67 and 0.67 have a better chance to be undetected than 
to be detected. An interval with power below 0.95 turns out to be [-1.23, 1.231. 
This implies that only true parameter values of IP31 > 1.23 are likely (with 
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probability above 95 percent) to be found statistically significant. The ~ S L S  point 
estimate of P3 is only -1.03. 

Since the correct power of a significance test based on weak-instrument 
asymptotic theory is likely to be overstated in this exercise, the lower interval 
limits of -0.67 for power regions below 50 percent and of -1.23 for power 
regions below 95 percent are only upper bounds for the correct but unknown 
interval limits. That is, the power of the significance test for P3 appears to be 
quite low, given that parameter values for P3, such as the reported point esti- 
mate, are economically important but statistically difficult to distinguish from 
zero. Thus, finding the coefficient estimate of P3 to be statistically insignificant is 
probably due to the low power of the significance test rather than to the 
unimportance of malaria prevalence for economic development.12 This conclu- 
sion is also corroborated by the statistically significant point estimates of P3 in 
columns 1 and 3 of table 1. 

Effects of Additional Instrumental Variables 

To exclude the possibility that the reported results are driven by the choice of 
instrumental variables, the analysis is replicated using additional sets of instru- 
mental variables related to the climatic environment (frost, humid, and latitude), 
the Western European influence (eurfrac and engfrac), and openness (coast and 
trade). The analysis is restricted to the baseline specification, where institutional 
quality is measured by the governance index (rule) and malaria prevalence is 
measured by the risk of infection with malaria falciparum (malfal). The results 
are presented in table 2. 

Once the additional climate instruments (frost, humid, and latitude) are 
included (table 2, column I), the effect of institutional quality is found to be 
stronger than in the baseline specification (table 1, column I), whereas the effect 
of malaria prevalence is weaker. Both differences are small and can be explained 
by estimation uncertainty. The Hansen test does not reject the three overidenti- 
fying restrictions that arise from the fact that the two endogenous regressors are 
now estimated with five instruments. Taken at face value, this test result would 
imply that the exogeneity restrictions on the instruments appear valid and that 
there are no direct effects on the level of economic development from the 
additional instruments. 

The result of the Hansen test should be viewed with care if there are signs of a 
weak-instrument problem, because then the usual inference based on the X 2  

distribution of the test statistic would no longer hold. There is conflicting 
evidence on the presence of weak instruments. The Cragg-Donald statistic, 
which is much smaller than the critical value, does indicate a weak-instrument 
problem. But the weak-instrument test of Hahn and Hausman (2002), which can 
be applied only for overidentified equations, does not reject the null hypothesis 

12. The reason for the low power is probably that the small sample is not informative enough to 
identify an independent effect of malaria prevalence in this specification. 
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TABLE 2. Continued 

Instruments 

1 2 3 4 

Baseline + climate Baseline + Europe Baseline + openness All instruments 

Explanatory variables rule malfal rule malfal rule malfal rule malfal 

Instrument selection criteriab 

Donald-Newey M S E  0.42 0.37 0.47 0.10 
BI c -8.99 -6.50 -3.68 -18.84 
HQIC -5.67 -4.28 -1.46 -11.08 

Note: The sets of instruments are baseline (Inmort and maleco), climate (frost, humid, and latitude), Europe (eurfrac and engfrac), and openness (coast 
and trade). 

"The Cragg-Donald statistic (Cragg and Donald 1993) is used by Stock and Yogo (2002) for weak-instrument tests. If the Cragg-Donald statistic exceeds 
the critical value, then a standard significance test with nominal size of 5 percent has a maximal size of 10 percent. The weak-instrument test by Hahn and 
Hausman (2002) is based on the normalized difference between bias-adjusted two-step least squares estimators ( B ~ S L S )  for an equation and its reverse 
equation, where the left-side variable and the endogenous right-side variable are interchanged. 

b h e  Donald-Newey instrument selection criterion (Donald and Newey 2001) is the expected average mean-squared error of the 2 s ~ s  estimator. BIC and 
HQIC are the Bayesian and Hannan-Quinn information criteria (Andrews 1999) for the choice of instruments. 

Source: Authors' analysis based on data described in the text. 



of strong instruments. On balance, it can be concluded that the results of the 
baseline specification are not rejected by adding additional climate instruments, 
because significant effects of institutional quality and malaria prevalence are 
obtained if the robust CLR confidence intervals are used for inference.13 

Adding the Western European instruments (table 2, column 2) and the 
openness instruments (table 2, column 3) to the baseline instruments also 
does not change the results by much. Both institutional quality and malaria 
prevalence exert highly significant effects, even if a potential weak-instrument 
problem is taken into account, as indicated by the Cragg-Donald test. Again, 
the overidentifying restrictions are not rejected, and the conclusions of the 
baseline model are confirmed, as indicated by the CLR confidence intervals. 
This result is not altered when all instruments are included together (table 2, 
column 4). The parameters remain highly significant, and the Hansen test still 
does not reject the overidentifying restrictions. Moreover, a Hansen difference 
test cannot reject the additional overidentifying restrictions of column 4 in 
table 2 over those of the columns 1, 2, and 3, leading to test statistics of 3.81 
(p-value 0.43), 5.03 (p-value 0.41), and 3.7 (p-value 0.59). Thus, including 
additional instrumental variables based on climate, Western European influ- 
ence, and openness does not change the conclusions relative to those obtained 
from the baseline specification. 

As a further robustness check to see which set of instrumental variables is 
favored, three formal instrument selection criteria are applied-the expected 
average mean squared error criterion of Donald and Newey (2001), the Baye- 
sian information criterion, and the Hannan-Quinn information criterion of 
Andrews (1999). All test results suggest choosing the full instrument set.14 
However, it must be taken into account that these criteria are not designed for 
specifications with weak instruments, where they may lead to the wrong 
conclusions. As a general tendency in the estimation results, the weak-instru- 
ment problem appears to increase with the number of instruments, at least if 
the Cragg-Donald statistic is taken as the benchmark. This may reflect an 
overfitting problem when using many instruments, notably in table 2, column 
4, where nine instrumental variables are employed for a sample of 45 coun- 
tries. Nevertheless, the point estimates are quite robust to the number of 
instruments included. This indicates that the results of the baseline specifica- 
tion are not driven by the choice of instruments and that the baseline specifica- 
tion should be preferred to minimize overfitting and the weak-instrument 
problems. 

13. The 95 percent CLR confidence interval includes zero but is a borderline case. For example, a 93 
percent CLR confidence interval does not include zero. 

14. The values of Bayesian and Hannan-Quinn information criteria equal zero for all just-identified 
specifications and are therefore reported only for overidentified specifications. 
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Validity of Lnrnort and Maleco 

So far, the article has not questioned whether lnrnort and rnaleco are valid 
instrumental variables for institutional quality and malaria prevalence. Both 
variables have been criticized as flawed instrumental variables in the literature. 
For instance, Albouy (2004) argues that Acemoglu, Johnson, and Robinson 
(2001) measure settler mortality (lnmort) imprecisely. He constructs a "high 
revision" variable (lnmort2) that he claims exhibits improved geographic rele- 
vance, statistical precision, and cross-country comparability. When Albouy 
(2004) re-estimates the effect of institutional quality on economic development 
with the revised instrument (lnrnort2), he obtains a severe weak-instrument 
problem, which results in a failure to measure any statistically significant effect 
of institutional quality on income. 

When lnmort is replaced by lnrnort2, the point estimates remain almost 
unchanged (table 3, column 1). However, the Cragg-Donald statistic becomes 
quite small, indicating the presence of weak instruments. Therefore, the CLR 

confidence intervals are used for inference. They turn out to be very large and in 
the case of rnalfal to include zero. Somewhat surprisingly, the point estimate of the 
coefficient on institutional quality is still statistically significant, even though the 
first-stage statistics indicate a severe drop in explanatory power for the first-stage 
regression of rule on the instruments relative to the baseline estimate.'' 

To improve the first-stage regression results, the set of instrumental variables 
is augmented with the measures of Western European influence (eurfrac and 
engfrac). Their inclusion increases the explanatory power in the first-stage 
regressions considerably (table 3, column 2). However, there is still a weak- 
instrument problem according to the Cragg-Donald statistic. But the CLR con- 
fidence intervals indicate statistically significant effects of both institutional 
quality and malaria prevalence in this specification, and the point estimates 
remain almost unchanged compared with the baseline model. 

Thus, the revised settler mortality variable constructed by Albouy (2004) 
exhibits a smaller degree of instrument relevance than the original variable 
used by Acemoglu, Johnson, and Robinson (2001). While replacing the original 
with the revised variable leads to almost unchanged point estimates, the statis- 
tical significance of rnalfal becomes questionable. Nevertheless, it is still possible 
to come up with statistically significant and economically meaningful estimates 
of the effects on income of institutions and malaria prevalence without using the 
original mortality variable if the measures of Western European influence are 
added to the list of instrumental variables. Thus, the baseline results do not 
depend on using the original mortality variable as an instrument. 

Rodrik, Subramanian, and Trebbi (2004) question the exogeneity of the 
second baseline instrumental variable, maleco. Therefore, a specification is 

15. In the first-stage regression of rule, the revised variable I n m o d  is highly significant with a t-value 
of -3.66 but much less so than in the baseline model. 





TABLE 3 .  Continued 

Instruments 

Inmort2 + maleco + 
lnmort2 + maleco Europea lnmort + Europe lnmort2 + Europea 

Explanatory variables rule malfal rule malfal rule malfal rule malfal 

Weak-instrument testb 

Cragg-Donald 3.27 5.18 4.65 4.76 
Critical value 7.03 16.87 13.43 13.43 

w Hahn-Hausman test 
W 

0.10 -0.10 0.28 -0.28 0.33 0.10 - p-value 0.92 0.92 0.78 0.78 0.74 0.92 
Instrument selection criteriac 

Donald-Newey MSE 7.95 0.65 1.91 1.67 
BIC -5.72 -3.57 -3.78 
HQIC -3.50 -2.46 -2.67 

"Refers to the instruments engfrac and eurfrac. 
 he Cragg-Donald statistic (Cragg and Donald 1993) is used by Stock and Yogo (2002) for weak-instrument tests. If the Cragg-Donald statistic exceeds 

the critical value, then a standard significance test with nominal size of 5 percent has a maximal size of 10 percent. The weak-instrument test by Hahn and 
Hausman (2002) is based on the normalized difference between bias-adjusted two-step least squares estimators (B2s~s) for an equation and its reverse 
equation, where the left-side variable and the endogenous right-side variable are interchanged. 

'The Donald-Newey instrument selection criterion (Donald and Newey 2001) is the expected average mean-squared error of the 2s~s  estimator. BIC and 
HQIC are the Bayesian and Hannan-Quinn information criteria (Andrews 1999) for the choice of instruments. 

Source: Authors' analysis based on data described in the text. 



estimated that excludes maleco and uses only (original) settler mortality and the 
measures of Western European influence as instrumental variables (table 3, 
column 3). The results indicate that this specification creates a weak-instrument 
problem according to the Cragg-Donald statistic. But the point estimates remain 
statistically significant16 and quantitatively similar, compared with the baseline 
specification. This suggests that finding a significant influence of malaria pre- 
valence on economic development does not hinge on the use of maleco as an 
instrument. Moreover, when maleco is included as an additional instrumental 
variable, its validity is not rejected by a Hansen difference test,17 which provides 
statistical evidence against the endogeneity of maleco as presumed by Rodrik, 
Subramanian, and Trebbi (2004). Basically, the same findings emerge if the 
revised settler mortality variable (lnmort2) is used (table 3, column 4).18 

Sample Size 

As a final robustness check, results for a larger sample of countries are reported in 
appendix (table A.l). First, the baseline specification is re-estimated (column 1). 
Compared with the baseline sample of 45 countries (table 1, column I), the point 
estimates and interval estimates are by and large the same. Thus, independent of the 
sample of countries, the estimated coefficients on both institutional quality and 
malaria prevalence appear economically important and statistically significant. Also 
as before, the Cragg-Donald statistic does not signal a weak-instrument problem 
for this specification. In contrast to the previous estimates, there is a reduced fit of 
the first-stage regressions that may reflect the presumed weak data quality for some 
of the countries in the larger sample, especially for the governance index (rule). 

Similar conclusions can be drawn from the Acemoglu, Johnson, and Robinson 
(2001) specification in column 2 of table A.l, where institutional quality is mea- 
sured by expropriation risk (exprop). Compared with the estimates for the smaller 
sample of countries (table 1, column 4), the point estimates change slightly. The 
most important result, the statistical insignificance of the coefficient on malaria 
prevalence, also shows up in the large sample. Again, this can be traced to a severe 
weak-instrument problem, which affects mainly the first-stage equation for exprop. 

Using additional instrumental variables also does not change any previous insights 
for the larger sample of countries. In column 3 of table A.l, results are presented for 
the baseline specification augmented by all available instruments. The point and 
interval estimates change only slightly compared with the previous estimates, both 

16. The 95 percent CLR confidence interval for institutional quality includes zero but is a borderline 
case. For example, a 93 percent n R  confidence interval does not include zero. 

17. Detailed results are available on request. 
18. A potential problem with the specification reported in table 3,  column 4, is signaled by the Hansen 

statistic that is essentially zero. This could indicate that the instruments are highly correlated with each 
other or that there are too many instruments. However, the correlation of the instruments is far below 
one, and each instrument is significant in at  least one first-stage regression. In fact, lnmort2 and engfrac 
are highly significant in the regression for rule, and lnmort2 and eurfrac are highly significant in the 
regression for malfal. 
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institutional quality and malaria prevalence remain statistically significant, and the 
overidentifying restrictions are not rejected. Finally, using the revised settler mor- 
tality variable (Inmort2) and excluding malaria ecology (maleco) from the set of 
instrumental variables again leads to almost identical results in the large sample 
(table A.l, column 4) compared with the smaller sample (table 3, column 4). 

The conclusion from the robustness checks is that the results of the baseline 
specification are not sensitive to changes in the explanatory variables, the set of 
instruments, or the sample of countries.19 Therefore, the hypothesis derived from 
the baseline specification is maintained. Both institutions and malaria prevalence 
appear economically important determinants of the level of development. 

The reported empirical results suggest that the Sachs hypothesis of direct income 
effects of malaria prevalence cannot be dismissed as easily as claimed in recent 
studies by Acemoglu, Johnson, and Robinson (2001) and Rodrik, Subramanian, 
and Trebbi (2004). Different from Acemoglu, Johnson, and Robinson (2001), 
statistically significant effects on income of malaria prevalence are estimated 
once its potential endogeneity is controlled for, and there appears to be no 
empirical evidence that the instrumental variable used by Sachs (2003) is invalid, 
as presumed by Rodrik, Subramanian, and Trebbi (2004). For given effects of 
institutional quality, the estimated direct negative income effects of malaria 
prevalence are quantitatively important. This result appears to be robust to 
using alternative measures of institutions and malaria prevalence, alternative 
and additional instrumental variables, and an alternative sample of countries. 

Taken at face value, the results imply that institutions do not dominate all 
other potential determinants of development. An emphasis on good governance, 
even if it can be successfully implemented in poor countries, will probably not 
suffice to achieve improved economic performance. As argued by Sachs and his 
coauthors in various papers, subsidized research on tropical diseases and direct 
assistance from foreign donors for interventions against diseases may be needed 
to advance the development of poor countries, which otherwise may not escape 
the restrictions imposed on them by adverse geographic endowments. All this is 
certainly not to deny that good institutions would make such interventions 
possible in the first place or at least would make them more productive, but 
the findings of this article point out that good institutions alone are not necessa- 
rily a sufficient recipe for successful economic development. 

19. Regarding variations in the sample size, the inclusion of sub-Saharan African countries is key to 
the presented identification strategy and to the validity of the instrumental variables, as it is in Acemoglu, 
Johnson, and Robinson (2001). The reason is that the variance across the sample stems mainly from the 
difference between the sub-Saharan African countries and the other countries. The reported direct effects 
of malaria on income may thus explain why some previous cross-country studies reported a negative 
coefficient of the dummy variable for sub-Saharan Africa (Collier and Gunning 1999). 



APPENDIX.  Definitions and Sources of Variables 

Variable 

coast 

engfrac 
eurfrac 

frost 

humid 

latitude 

lngdpc 

lnmort 

Definition 

Proportion of land area within 100 kilometers of the sea coast 

Proportion of the population speaking English 
Proportion of the population speaking one of the major languages 

of Western Europe: English, French, German, Portugese, 
or Spanish 

Index of protection against expropriation in 1985-95; limited to 
64 countries but includes the Bahamas and Vietnam, which are not 
included in socinf; measured on a scale of 1 to 10 

Proportion of a country's land receiving 5 or more frost days in that 
country's winter, defined as December through February in the Northern 
hemisphere and June through August in the Southern hemisphere; 
measured on a scale of 0 to 1 

Index of government antidiversion policies; calculated as an unweighted 
average of five variables: law and order, bureaucratic quality, 
corruption, risk of expropriation, and government repudiation of contracts; 
measured on a scale of 0 to 1 

Highest temperature during the month when average afternoon humidity 
is at its highest; measured in degrees Celsius 

Distance from the equator as measured by the absolute value of 
country-specific latitude in degrees 

Real GDP per capita, adjusted for purchasing power parity (PPP), 1995; 
measured in international dollars 

Settler mortality rates in colonies in the early nineteenth century, fourth 
mortality estimate (72 countries, excluding France and the United 
Kingdom); measured as death rate among 1,000 settlers, where each 
dead settler is replaced with a new settler 

Revised estimate of lnmort 

Source 

Gallup, Sachs, Mellinger (1999), here taken 
from McArthur and Sachs (2001) 

Hall and Jones (1999) 
Hall and Jones (1999) 

Acemoglu, Johnson, and Robinson (2001), p. 1398 

Masters and McMillan (2001) 

Hall and Jones (1999) 

Parker (1997) 

Hall and Jones (1999) 

World Bank, Development Indicators CD-ROM (2002) 

Acemoglu, Johnson, Robinson (2001, p. 1398), 
and Acemoglu, Johnson, Robinson (2000) 

Albouy (2004) 

(Continued) 



APPENDIX.  Continued 

Variable Definition Source 

maleco Combines climatic factors and biological properties of the regionally dominant 
malaria vector into an index of the stabilitv of malaria transmission. which 
is called malaria ecology; the index of malaria ecology is measured on a highly 
disaggregated subnational level and then averaged for the entire country and 
weighted by population; the index ranges from 0 to 31.5 (Burkina Faso); for 
details see text; dataset as of October 27. 2003 

Kiszewski and others (2004), here taken from 
http://www.earth.columbia.edu/about/director/ 
malaria/index.html#datasets 

malfal Proportion of a country's population at risk of falciparum malaria transmission 

w in 1994; measured on a scale of 0 to 1. Revised dataset as of October 27, 2003 
W 
ul 

malrisk Proportion of each country's population that lives with the risk of malaria transmission, 
involving three largely nonfatal species of the malaria pathogen (Plasmodium vivax, 
Plasmodium malariae, and Plasmodium ovule); measured on a scale of 0 to 1; 
dataset as of October 27. 2003 

rule Average governance indicator based on six aggregated survey measures: voice and 
accountability, political stability, government effectiveness, regulatory quality, 
rule of law, and control of corruption 

trade Natural log of the Frankel-Romer predicted trade share, based on measures of 

Sachs (2003), here taken from http://www.earth. 
columbia.edu/about/director/malaria/index. 
html#datasets 

Sachs (2003), here taken from http://www.earth. 
columbia.edu/ 
about/director/malaria/index.html#datasets 

Kaufmann Kraay, and Mastruzzi (2004) 

Hall and Jones (1999) 
population size and geography 
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TABLE A -1 .  Continued 

Instruments 

1 2 3 4 

lnmort + maleco lnmort + maleco All instruments Inmort2 + Europea 

Explanatory variables rule malfal exprop malfal rule malfal rule malfal 

Shea partial R~ 0.21 0.35 0.10 0.25 0.56 0.61 0.24 0.35 
Weak-instrument testb 

0-I 
0-1 Cragg-Donald 
..I 

7.97 3.36 6.68 5.99 
Critical value 7.03 7.03 27.51 13.43 
Hahn-Hausman test 0.37 -0.38 0.29 -0.30 
p-value 0.71 0.71 0.77 0.77 

"Refers to the instruments engfrac and eurfrac. 
b ~ h e  Cragg-Donald statistic (Cragg and Donald 1993) is used by Stock and Yogo (2002) for weak-instrument tests. If the Cragg-Donald statistic exceeds 

the critical value, then a standard significance test with nominal size of 5 percent has a maximal size of 10 percent. The weak-instrument test by Hahn and 
Hausman (2002) is based on the normalized difference between bias-adjusted two-step least squares estimators ( B ~ S L S )  for an equation and its reverse 
equation, where the left-side variable and the endogenous right-side variable are interchanged. 

Source: Authors' analysis based on data described in the text. 
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When Is External Debt Sustainable? 

Aart Kraay and Vikram Nehru 

The article empirically examines the determinants of debt distress, defined as periods in 
which countries resort to any of three forms of exceptional finance: significant arrears on 
external debt, Paris Club rescheduling, and nonconcessional International Monetary Fund 
lending. Probit regressions show that three factors explain a substantial fraction of the cross- 
country and time-series variation in the incidence of debt distress: the debt burden, the quality 
of policies and institutions, and shocks. The relative importance of these factors varies with 
the level of development. These results are robust to a variety of alternative specifications, 
and the core specifications have substantial out-of-sample predictive power. The quantitative 
implications of these results are examined for the lending strategies of official creditors. 

This article empirically analyzes the probability of debt distress in developing 
countries and examines the implications of the results for the lending policies of 
official creditors. It defines debt distress episodes as periods in which countries resort 
to any of three forms of exceptional finance: substantial arrears on their external 
debt, debt relief from the Paris Club of creditors, and nonconcessional balance of 
payments support from the International Monetary Fund (IMF). Three factors-the 
debt burden, the quality of institutions and policies, and shocks that affect real GDP 

growth--are found to be highly significant predictors of debt distress, and their 
relative importance differs between low- and middle-income countries. 

Three features of this article distinguish it from much of the large empirical 
literature on debt sustainability. First, one of the main interests is in under- 
standing the determinants of debt distress among low-income countries, which 
have been at the center of recent debt relief efforts such as the 1996 Heavily 
Indebted Poor Countries (HIPC) Initiative and the 2006 Multilateral Debt Relief 
Initiative. In contrast, much of the existing empirical literature focuses on debt 
crises in middle-income countries that borrow primarily from private creditors. 
As shown below, the features of distress episodes and their determinants are 
quite different in the two groups of countries. 
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Second, this analysis finds that nonfinancial variables, especially the quality of 
policies and institutions, are key determinants of debt distress in low-income 
countries. The idea that policies and institutions matter for debt sustainability is 
not novel. But it has received relatively little attention in the empirical literature. A 
notable exception is Reinhart, Rogoff, and Savastano (2003), who document the 
importance of a country's history of nonrepayment and macroeconomic instabil- 
ity in driving market perceptions of the likelihood of default. The analysis here 
complements theirs by showing that not only does the history of nonrepayment 
and weak policy matter for the likelihood of debt distress but so do contempora- 
neous policies and institutions. Moreover, this article finds that the contempora- 
neous effect of improvements in policies and institutions on the probability of debt 
distress is quantitatively large and roughly of the same order of magnitude as 
reductions in debt burdens. It also finds that the role of policies and institutions is 
much more important in low-income countries than in middle-income countries. 

Third, the article emphasizes the implications of the findings for the lending 
strategies of multilateral concessional creditors such as the World Bank and the IMF. 

In these organizations notions of debt sustainability have until recently focused 
almost exclusively on simple projections of debt burden indicators and their com- 
parison with fairly arbitrary benchmarks. For example, debt relief under the HIPC 

Initiative was calibrated to ensure that countries emerge from the process with a 
present value of debt to exports of 150 percent, irrespective of other country 
characteristics. The results here indicate that a common single debt sustainability 
threshold is not appropriate because it fails to recognize the role of institutions and 
policies that matter for the likelihood of debt distress. In particular, the results 
permit summarizing striking tradeoffs between debt indicators, policies, and shocks 
for a given probability of debt distress. For example, the benchmark results suggest 
that countries at the 75th percentile of the measure of policies and institutions can 
have a present value of debt to exports that is two to three times higher than 
countries at the 25th percentile of this indicator, without increasing the probability 
of debt distress. These tradeoffs suggest that a country's targeted level of "sustainable" 
debt should vary substantially with the quality of its policies and institutions. 

This work is premised on the view that avoiding debt distress is desirable. There 
are several reasons for this. Resolving debt distress imposes direct costs in terms of 
the time that debtors and creditors must spend coordinating and renegotiating 
claims. Excessive debt can also undercut support for policy reforms by political 
and civil society groups in debtor countries if they perceive that benefits from 
reforms will be directed to high debt service rather than to needed public services 
for the poor. The pressure to meet external debt service payments may also tempt 
debtor country governments to seek short-term solutions at the expense of funda- 
mental, longer-term reforms. Creditors, as well, may be tempted to allocate 
resources according to resource needs rather than policy performance.1 Finally, 

1. For example, Birdsall, Claessens, and Diwan (2003) argue that the correlation between aid and 
policy performance is weak in highly indebted countries in sub-Saharan Africa. 
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nonrepayment of loans to multilateral lenders can have perverse distributional 
effects among borrowing countries. Absent new resources from donors, the failure 
to repay concessional loans reduces the ability of multilateral creditors to provide 
new loans to other developing countries. Moreover, to the extent that new lending 
is intended for countries with sound policies and institutions, whereas countries 
with poor policies and institutions are more likely to fail to service their past debts, 
the result can be a transfer of resources from countries with good policies to 
countries with bad policies.2 

This article is obviously not the first to empirically investigate the determi- 
nants of debt servicing difficulties. The debt crisis of the early 1980s prompted a 
surge of empirical work. An early contribution is by McFadden and others 
(1985), who construct an indicator of debt servicing difficulties based on arrears, 
rescheduling, and IMF support, much like the one used here, for 93 countries over 
the period 1971-1982. They find that the debt burden, the level of per capita 
income, real GDP growth, and liquidity measures such as nongold reserves are 
significant predictors of debt distress, whereas real exchange rate changes are 
not. They also investigate the importance of state dependence and country 
effects and conclude that both matter, whereas the updated sample used here 
does not find comparable evidence of state dependence. Other studies in the 
early literature include that of Cline (1984), who focuses primarily on financial 
variables such as the determinants of debt servicing difficulties, and of Berg and 
Sachs (1988), who emphasize "deep" structural factors such as income inequal- 
ity (which they argue proxies for political pressures for excessive borrowing) and 
a lack of trade openness as determinants of debt servicing difficulties among 
middle-income countries. In addition, Lloyd-Ellis, McKenzie, and Thomas 
(1990) model both the probability of debt reschedulings and their magnitude, 
again emphasizing financial variables. Interestingly, none of these studies focuses 
on direct measures of the quality of policies and institutions, as this one does.3 

2. The amounts at stake are nontrivial. Consider the World Bank-administered International Devel- 
opment Association (IDA), which provides substantial resources to the world's poorest countries. As of 
2003, IDA's portfolio consisted of highly concessional loans with a face value of roughly $110 billion. 
During fiscal 2003 it disbursed $7 billion in new loans, of which only $1.4 billion was financed by 
repayments on existing loans and with most of the balance coming from infusions from rich countries. 
Given the long grace periods in IDA lending, this flow of repayments is anticipated to increase sharply in 
the future, averaging $2.3 billion a year over 2003-2008, $3.3 billion a year over the next five years, and 
$4.2 billion in the five years after that (World Bank 2003). Holding constant future donor contributions to 
IDA, it is clear that any disruption in this flow of future repayment resulting from episodes of debt distress 
will have significant implications for IDA's ability to provide new lending to the poorest countries. 

3. Another strand of this early literature tried to find a discontinuity in the relationship between debt 
burden indicators (usually the external debt to export ratio) and the incidence of default or market-based 
indicators of risk (such as the premium over benchmark interest rates on debt securities traded in the 
secondary market), for example, Underwood (1991) and Cohen (1996). These studies found that above a 
threshold range of about 200-250 percent of the present value of the debt to export ratio, the likelihood of 
debt default climbed rapidly. This range then became the benchmark adopted by the original HIPC 
Initiative in 1996 but was subsequently lowered in 1999 under the Enhanced HIPC framework. 
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Several more recent studies are also related to this work. Aylward and Thorne 
(1998) empirically investigate countries' repayment performance to the IMF, 
emphasizing the importance of countries' repayment histories and IMF-specific 
financial variables in predicting the likelihood of arrears. McKenzie (2004) 
studies the determinants of default on World Bank loans. Detragiache and 
Spilimbergo (2001) study the importance of liquidity factors such as short- 
term debt, debt service, and the level of international reserves in predicting 
debt crises. 

Reinhart, Rogoff, and Savastano (2003) study the historical determinants of 
"debt intolerance," a term used to describe the extreme duress that many emer- 
ging market economies experience at debt levels that seem quite manageable by 
industrial country standards. Their most relevant finding to this work is that the 
Institutional Investor magazine's sovereign risk ratings can be explained by a 
very small number of variables measuring a country's repayment history, its 
external debt burden, and its history of macroeconomic stability. However, 
there are three key differences between their study and this article. First, their 
dependent variable, the Institutional Investor rating, measures perceptions of the 
probability of debt distress, whereas this article attempts to explain the incidence 
of actual episodes of debt dis t res~.~ Second, their sample consists mostly of 
middle- and high-income countries, in contrast with the focus here on low- 
income countries. Third, as shown in more detail below, this article finds that 
contemporaneous policy matters for the incidence of debt distress, whereas a 
history of bad policy and nonrepayment, a key determinant in their study, 
matters less. 

Finally, the analysis by Manasse, Roubini, and Schimmelpfennig (2003) is 
most closely related to that in this article. They consider a country to be in debt 
crisis if it is classified as being in default by Standard & Poor's or if it has access 
to nonconcessional IMF financing in excess of 100 percent of quota. They use 
logit and binary recursive tree analysis to identify macroeconomic variables 
reflecting solvency and liquidity factors that predict a debt crisis episode one 
year in advance. Once again, the key difference with the analysis in this article is 
that they restrict their analysis to a sample of emerging market developing 
countries for which such data are available (especially the Standard & Poor's 
data), whereas a special focus of this article is the factors affecting debt distress 
in low-income countries. Several of their key results, however, are broadly 
consistent with those found here. They find that debt burden indicators and 
GDP growth, as well as a somewhat different set of measures of policies and 
institutions, significantly influence the likelihood of debt crises. 

The following section describes in detail the methodology for identifying debt 
distress episodes. Section I1 documents the relative importance of debt burdens, a 
measure of policies and institutions, and shocks in driving debt distress. It shows 

4. As documented in Reinhart, Rogoff, and Savastano (2003), country risk ratings are only imperfect 
predictors of actual default episodes. 
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that these three variables have substantial out-of-sample forecasting power for debt 
distress events and that the results survive several robustness checks. Section III 
presents some policy implications of the results. 

The sample consists of all 132 low- and middle-income countries that report 
debt data in the World Bank's Global Development Finance publication and 
covers all years during 1970-2002 for which the necessary data are available. 
The Appendix describes the data sources. 

Identifying Debt Distress Episodes 

Episodes of debt distress are defined as periods in which any one or more of the 
following three conditions hold: the sum of interest and principal arrears is large 
relative to the stock of debt outstanding, a country receives debt relief in the 
form of rescheduling or debt reduction from the Paris Club of bilateral creditors, 
or the country receives substantial balance of payments support from the IMF 

under its nonconcessional Standby Arrangements or Extended Fund Facilities. 
The first condition is the basic measure of debt distress: the failure to service 
external obligations resulting in an accumulation of arrears. But countries that 
are unable to service their external debt need not fall into arrears; they can also 
seek debt relief from the Paris Club or balance of payments support from the 
IMF.' This is why the arrears criterion for debt distress is complemented by the 
other two criteria. As a control group, nondistress episodes, or "normal times," 
are defined as nonoverlapping periods of five consecutive years in which none of 
the three indicators of debt distress is ~bserved .~  

To implement the rule for identifying debt distress episodes, thresholds for 
"large" values of arrears and "substantial" levels of IMF support have to be 
identified. The threshold for arrears is 5 percent of total debt outstanding. For 
IMF programs only those for which commitments are greater than 50 percent of 
the country's IMF quota are considered. Although any threshold for defining debt 
distress episodes is somewhat arbitrary, these values are quite high relative to the 
experience of the typical developing country. The threshold for arrears, for 
example, is roughly 10 times greater than the median value of arrears as a 
fraction of debt outstanding (0.4 percent) when all country-years since 1970 
are pooled. Similarly, the median value of IMF commitments relative to quota is 
zero for pooled country-year observations, reflecting the fact that less than half 
the country-years in the sample correspond to an IMF program including access to 
nonconcessional IMF facilities. When such programs are in place, the median 

5. This article does not define debt reductions under the HIPC Initiative as a separate indicator of debt 
distress because all debt relief under the Initiative requires parallel debt reduction by the Paris Club. 

6. These episodes begin in the first year for which it is possible to find five consecutive years with no 
distress. 



FIGURE 1. Identifying Debt-Distress Events: Example of Kenya 
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commitment is 52 percent of quota. This means that the threshold identifies only 
the top half (in terms of committments relative to quota) of all Standby Arrange- 
ment and Extended Fund Facility programs.7 Finally, for Paris Club agreements 
the year of the agreement and the two subsequent years are identified as distress 
episodes because most Paris Club agreements provide relief for debt service 
payments falling due during a fairly short period, typically three years. 

Figure 1 illustrates how normal and debt distress episodes are identified for the 
case of Kenya. It shows commitments under Standby Arrangements or Extended 
Fund Facilities (SBA~EFF) (solid black line), arrears (dashed line), and Paris Club 
relief (gray line). During the 1970s and 1980s Kenya received balance of payments 
support in excess of 50 percent of its quota for a total of 10 years, whereas during 
the 1990s it had four years in which arrears were more than 5 percent of debt 
outstanding. Finally, it also received substantial Paris Club relief in 1994 and 
again in 2000. This means that in total, between 1970 and 2000, Kenya experi- 
enced 17  years of debt distress (indicated by triangles). In contrast, it managed 
only one five-year period of normal times, beginning in 1970, in which there were 
no arrears, debt relief, or IMF support (indicated by squares). 

In Kenya and in many other countries, episodes of debt distress are often quite 
short and are also often immediately preceded by other distress episodes. To be 
sure that episodes of prolonged debt distress rather than sporadic fluctuations in 
the distress indicator are being identified, all short distress episodes of less than 

7. Access to the Poverty Reduction and Growth Facility of the IMF is not included as a debt distress 
indicator, because in many cases financing from this facility is no longer to meet temporary payments 
imbalances but has become a source of long-term development finance. See IMF (2002). 
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TABLE 1 .  Distress Episodes 

Albania 1992-2002 Ecuador 
Algeria 1994-1 997 Ecuador 
Argentina 1983-1995 Egypt, Arab 

Rep. 
Bangladesh 1979-1981 Ethiopia 
Benin 1983-1998 Ghana 
Brazil 1983-1985 Guinea-Bissau 
Brazil 1998-2002 Guyana 
Bulgaria 1991-2000 Honduras 
Burkina Faso 1987-1998 Haiti 
Burundi 1998-2002 Indonesia 
Cameroon 1987-2002 India 
Chile 1983-1989 Jordan 
CBte d'Ivoire 1981-1996 Kenya 
Congo, Rep. 1985-2002 Kenya 

Colombia 1999-2001 Cambodia 
Comoros 1987-2002 Liberia 
Cape Verde 1988-2002 Morocco 
Costa Rica 1980-1995 Madagascar 
Dominican 1983-1999 Mexico 

Republic 

Malawi 
Niger 
Nigeria 

Nicaragua 
Pakistan 
Pakistan 
Paraguay 
Rwanda 
Senegal 
El Salvador 
Somalia 
Seychelles 
Thailand 
Trinidad and 

Tobago 
Tunisia 
Turkey 
Turkey 
Uruguay 
Vietnam 
Zimbabwe 

Source: Authors' analysis of data described in Appendix. 

three-year duration are eliminated. So are all distress episodes preceded by periods 
of distress in any of the three previous years to ensure that distinct episodes of 
distress are being identified, as opposed to continuations of previous episodes. 
This procedure identifies a total of 100 episodes of debt distress and 309 episodes 
of normal times over 1970-2002.' For Kenya this results in two distress episodes, 
1992-1996 and 2000-2002. The regression analysis that follows works with a 
subset of 58 distress episodes and 142 normal time episodes over 1978-2002 for 
which data on the core explanatory variables are available. The key constraint 
here is the preferred measure of policy used in the analysis, the World Bank's 
Country Policy and Institutional Assessment (CPIA) ratings, which began in 1978. 

These 58 distress episodes are listed in table 1, and the means of key variables 
in distress and normal time periods are listed in table 2. The list contains many 
familiar episodes, including those in many Latin-American countries during the 

8. The criteria for defining episodes imply that not all country-year observations will belong to either 
a distress episode or a nondistress episode. Of the 3,553 country-year observations for which indicators of 
distress are available, at least one indicator of distress is observed in 1,540 of them, with the remainder 
corresponding to nondistress years. After short distress episodes, distress episodes preceded by other 
episodes, and nondistress episodes shorter than five years are discarded, 2,630 country-years remain, of 
which 1,085 correspond to distress episodes. The regression sample is smaller still because of limits on the 
availability of explanatory variables and covers 1,339 country-years, of which 629 are classified as 
distress. 
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TABLE 2 .  Means of Key Variables in Normal Times and Distress Events 

Average length of episode (years) 
Average during episode of 

Arrearsldebt 
Paris Club reliefldebt 
IMP lendingalquota 
Net transferslc~r 

Value before episode of 
Present value of debtlexports 
Country Policy and 

Low-Income Middle-Income 
All Observations Countries Countries 

Normal 

5.0 

0.006 
0.000 
0.031 
0.014 

0.818 
3.789 

Distress Normal Distress Normal Distress 

Institutional Assessment (CPIA) 

Growth 0.047 0.012 0.043 0.028 0.050 -0.007 

"International Monetary Fund Standby Arrangement or Extended Fund Facility. 
Source: Authors' analysis of data described in Appendix. 

debt crisis of the 1980s and Thailand and Indonesia during the more recent East 
Asian financial crisis. There are also many lengthy episodes of debt distress in 
sub-Saharan A f r i ~ a . ~  A striking feature of the debt distress episodes is their 
length. In the regression sample the mean length of a distress episode is 
10.8 years. The longest distress episode is that in the Central African Republic, 
which has been continuously in debt distress during the whole sample period, 
primarily because of high arrears. There are also very sharp differences in the 
values of the debt distress indicators between distress episodes and normal times. 
In distress episodes average arrears are 9.4 percent of debt outstanding, whereas 
in normal times average arrears are 0.5 percent. During distress episodes 
Standby Arrangement or Extended Fund Facility support averages 98 percent 
of quota, whereas during normal times it is 3 percent. Although by construction 
Paris Club relief is zero in normal times, it averages 1.7 percent of debt out- 
standing during distress episodes. 

There are also interesting differences between low- and middle-income coun- 
tries. Distress episodes tend to be longer in low-income countries (12.6 years) than 
in middle-income countries (8.7 years) and associated with higher levels of arrears 
(13.3 and 4.6 percent of debt outstanding). Net transfers on debt fall during 
distress episodes, but proportionately much less in low-income countries, where 
they decline from 3.1 to 2.1 percent of GDP on average, than in middle-income 

9. One anomalous observation is Vietnam, which is identified as being in continuous debt distress 
since the late 1980s. This reflects continuous high levels of arrears relative to nonbilateral, non-Paris Club 
creditors, much of it ruble-denominated. In the vast majority of episodes of debt distress based on arrears, 
the arrears are primarily to multilateral and bilateral Paris Club creditors. 
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countries, where they decline from 0.5 to -1.4 percent of GDP. This highlights a key 
feature of distress episodes in low-income countries-despite experiencing severe 
debt servicing difficulties, these countries on average continue to benefit from 
positive, and only somewhat reduced, net transfers on debt. 

Modeling the Probability of Debt Distress 

The following probit specification is used to model the probability of debt 
distress:'' 

where y,, is an indicator value taking a value of one for debt distress episodes 
and zero for normal time episodes, each beginning in country c at time t; a(.) 
denotes the normal distribution function; X,, denotes a vector of determinants of 
debt distress; and fl is a vector of parameters to be estimated. The sample 
consists of unbalanced and irregularly spaced observations of distress and nor- 
mal times. The core specification considers a very parsimonious set of potential 
determinants of debt distress. As a first step to alleviating concerns about 
potential endogeneity biases, each variable is measured in the year prior to the 
beginning of the episode.'' 

The core specifications consider three explanatory variables. The first is the 
present value of debt (the present value of future debt service obligations), 
expressed as a share of current exports.12 This is a useful summary of the overall 
debt burden of a country and reflects cross-country differences in the conces- 
sionality of debt. The second is the World Bank's CPIA ratings, which is used as 
the preferred measure of the policy environment. Available annually since 1978, 
the CPIA ratings reflect the perceptions of World Bank country economists. The 
third variable is real GDP growth, included as a crude way of capturing the 
various shocks, both exogenous and endogenous, that countries experience. 
There are substantial differences in the means of these variables before distress 
episodes and normal time episodes (see table 2). The present value of debt as a 

10. Because the interest here is primarily the incidence of distress episodes rather than their precise 
timing, this simple probit specification is adequate. Collins (2003) shows how the timing of currency crises 
can be modeled explicitly as the first-passage time of a latent variable to a threshold, of which the simple 
probit specification here is a special case. Manasse, Roubini, and Schimmelpfenning (2003) suggest that 
binary recursive tree analysis better captures the nonlinearities in the relationship between debt crises and 
their determinants, in a sample of middle-income countries. We have not yet investigated whether similar 
nonlinearities are important in our sample. 

11. For example, one might expect debt burdens to increase and policy performance to deteriorate 
during distress episodes. This would create a spurious correlation between these variables measured 
during the episode and the value of the outcome variable. 

12. In the working paper version of this article (Kraay and Nehru 2004), several other debt burden 
indicators are also considered, including total debt service as a share of exports, the face value of debt 
relative to exports, debt service relative to current government revenues, and debt service relative to 
nongold reserves. Results for these measures were qualitatively similar, with the flow debt service 
measures providing slightly greater predictive power for debt distress. 



share of exports is more than twice as high before distress episodes (1.7) than 
before normal time episodes (0.8), policy is substantially worse (CPIA score of 3.1 
and 3.8), and growth is considerably lower (1.2 and 4.7 percent). 

Figure 2 illustrates the strong bivariate relationships between the core expla- 
natory variables and the distress indicator. In each panel the sample of observa- 
tions is divided by deciles of the explanatory variable of interest. The mean value 
of the explanatory variable is then computed by deciles and plotted against the 
mean of the distress indicator variable by decile. Thus, for example, in the first 
panel the mean value of the present value of debt to exports in the top decile of 
this variable is 3.4, and 65 percent of the observations in this decile correspond 
to distress. In contrast, in the bottom decile the mean value of debt relative to 
exports is 13 percent, and only 11 percent of the observations in this decile 
correspond to distress. A key feature of the data is the strong relationship 
between debt distress and policy performance. In the lowest decile of policy 

FIGURE 2 .  Correlates of Debt Distress 

Average presentvalue of debtlexports, by decile 
, 1001 

~ v e r i g e  countly policy and institutional assessment, by decile 

Average growth, by decile 

Source: Authors' analysis of data described in Appendix. 
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performance, fully 80 percent of observations correspond to distress, whereas in 
the top three deciles of policy performance the likelihood of debt distress is 
about 10 percent. 

This section confirms the importance of debt burdens, policies and institutions, 
and shocks in driving debt distress and shows the substantial out-of-sample 
forecasting power for debt distress events of these three variables. It also finds 
the results to be robust to several checks. 

Results from Cove Specification 

Table 3 reports the core specifications. The observations for all countries show 
that debt burdens, policies, and shocks as proxied by real per capita GDP growth 
are all highly significant predictors of debt distress. Countries with high debt 
burdens, low CPIA scores, and low growth in a given year are significantly more 
likely to experience a debt distress episode beginning in the next year. The 
magnitude of the effects of debt and policy is economically significant as well. 
Moving from the 25th percentile of indebtedness to the 75th percentile raises the 
probability of distress from 15 to 35 percent (holding constant the other 

TABLE 3. Basic Results 

Low-Income Middle-Income 
All Countriesa Countriesa 

Present value debtlexports 
Country Policy and 

Institutional Assessment (CPIA) 

Real GDP growth 
Constant 
Number of observations 
Out-of-sample predictive power 

(fraction of events 
correctly predicted) 

All episodes 
Distress episodes 
Normal time episodes 

'Significant at the 10 percent level. 
""Significant at the 5 percent level. 
'""Significant at the 1 percent level. 
Note: Numbers in parentheses are standard errors. 
"Marginal effects rather than slope coefficients are reported for first three variables to facilitate 

a comparison of the magnitude of estimated effects between these two columns. 
Source: Authors' analysis of data described in Appendix. 



variables at the median). Similarly, moving from the 25th percentile of policy 
to the 75th percentile lowers the probability of distress from 27 to 12 percent. 
The effect of growth, although significant, is not as large. Raising growth from 
the first to the third quartile lowers the probability of distress from 24 to 
17  percent. 

When the core specification is reestimated separately for low- and middle- 
income countries, higher debt burdens lead to significantly higher likelihood of 
debt distress in both groups of countries (see table 3). The magnitude of this 
effect is different in the two groups, however. To facilitate comparisons between 
these two groups, estimated marginal effects (the derivative of the probability of 
distress with respect to the variable of interest) are reported rather than the slope 
coefficients, p. This marginal effect is nearly twice as large for middle-income 
countries as for low-income countries. In contrast, the marginal effect of policy 
is much larger among low-income countries than among middle-income coun- 
tries, and in the second group it is not significantly different from zero. The effect 
of shocks, as proxied by real GDP growth, is much larger for middle-income 
countries than for low-income countries and is insignificant for low-income 
countries. The intercepts from the probit regressions is much larger for low- 
income countries than for middle-income countries, suggesting that there are 
factors other than debt, policy, and growth that contribute to a higher rate of 
debt distress in low-income countries. All of these differences between the two 
groups are statistically significant at the 5 percent level, with the exception of the 
effect of growth, where the difference falls just short of significance at the 10 
percent level. 

As the ultimate interest is in predicting debt distress episodes based on a 
parsimonious set of variables, it is useful to also examine the out-of-sample 
predictive power of each of these first three specifications. To do this, each 
regression is reestimated using data through 1989. The estimated coefficients 
are then used together with the observed right-side variables to predict the 
outcome of each of the observations for the 1990s. In particular, a debt distress 
episode is predicted to occur if the predicted probability conditional on the 
observed data included in each regression is greater than the unconditional 
probability of distress in the pre-1990 sample. This unconditional probability 
is 0.38 in the full sample, 0.45 for the low-income country subsample, and 0.30 
for the middle-income country subsam~les. The predictive power of the forecasts 
is summarized by reporting the fractions of all observations after 1990 that are 
correctly predicted, as well as the success rate for distress episodes and normal 
time episodes separately. 

The overall success rates are quite respectable, at 75 percent among low- 
income countries and 78 percent among middle-income countries. To put these 
success rates in perspective, note that using only the historical unconditional rate 
of debt distress to predict future debt distress would yield a success rate of 
50 percent among low-income countries and 58 percent among middle-income 
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countries.13 The additional information in the three right-side variables therefore 
increases the success rate relative to this naive forecast by 20 to 25 percentage 
points. Note also that the success rate for predicting normal time episodes is even 
higher. 

Overall, these results suggest that a quite parsimonious empirical model can 
do a reasonable job of accounting for patterns of debt distress over the past 
25 years. Moreover, the out-of-sample forecasting power of the model is quite 
good. Before turning to the policy implications of this finding, this basic speci- 
fication is first subjected to several robustness checks. 

Robustness of Core Specification: Does the Type of Debt Matter? 

To investigate the extent to which debt distress is affected by the type of external 
debt, external debt is distinguished along three dimensions. First is a variable 
measuring the share of external debt that is public and publicly guaranteed. 
Second is a variable measuring the share of external debt that is owed to official 
creditors, consisting of bilateral loans by governments as well as loans from 
multilateral organizations. Lastly, there is the concessionality of external debt, 
measured as one minus the ratio of the present value of debt to the nominal value 
of debt. Each of these variables is added in turn to the core specification for all 
countries and for low-income countries alone.14 

All three characteristics of debt are significantly associated with the risk of 
debt distress (table 4). In particular, the greater the share of debt that is public or 
publicly guaranteed and the greater the share of debt owed to official creditors, 
the lower is the risk of debt distress. Also, the lower risk of debt distress, the 
greater the concessionality of debt. This last result may not be surprising because 
more concessional debt generally has lower immediate debt service obligations 
than less concessional debt. To the extent that debt distress is triggered by 
difficulties in meeting immediate debt service obligations, more concessional 
debt will be less likely to lead to debt distress. The finding that countries that 
owe more to official creditors are less likely to experience debt distress is more 
interesting. One interpretation is that official creditors are more likely to engage 
in "defensive lending," providing new loans to ensure that old loans are repaid. 
Another interpretation is that loans from official creditors tend to be more 
concessional and for reasons just given are therefore easier to service. One 
crude way to disentangle these two hypotheses is to put both the share owed 
to official creditors and the concessionality rate in the same regression. When 

13. Suppose that the fraction of distress episodes observed in the past is p and that distress is randomly 
predicted for a fraction p of future events and no distress for the remaining fraction 1-p. Then the success 
rate of such a forecast based only on the unconditional historical rate of distress would be pZ + (1-p)'. 
Because the historical rate of distress during the period before 1989 is p = 0.5 for low-income countries 
and p = 0.3 for middle-income countries, this yields the success rates given in the text. 

14. Ideally, the partial effects of these three characteristics of debt would be estimated. Unfortunately, 
all three are quite strongly correlated at about 0.6 across observations. Given the small sample, multi- 
collinearity problems prevent pinning down the partial effects precisely. 



TABLE 4. Does the Type of Debt Matter? 

Low-Income Low-Income Low-Income 
All All All Countries Countries Countries 

Present value debtlexports 1.062 (0.219)"" 0.620 (0.167)" ''I 0.796 (0.186)"" 0.917 (0.379)"' 0.408 (0.225)* 0.590 (0.272)"" 
Country Policy and Institutional -0.534 (0.166)' ' " -0.621 (0.164) "" -0.572 (0.193)""" -1.254 (0.427)""' -0.909 (0.28 1)' "' -0.961 (0.363)'"'' 

Assessment (CPIA) 

Real GDP growth -5.166 (2.655)" -3.590 (2.520) -4.667 (2.588)* -2.276 (4.474) -3.557 (3.769) -2.758 (3.859) 
public or publicly guaranteed -3.330 (0.774)" '" -6.151 (2.015)"" 

share of debt 
W 
b Share of debt owed to official -1.280 (0.466)'" -1.642 (0.963)" 
P creditors 

Concessionality -2.125 (0.833)" -3.129 (1.279)"" 
(1 - present valuelnominal debt) 

Constant 2.627 (0.793)'"' 1.833 (0.741)"' 1.064 (0.780) 7.452 (2.383)' " *  3.479 (1.290)'"' 3.080 (1.414)** 
Number of observations 167 167 154 64 64 62 

"Significant at the 10 percent level. 
'"Significant at the 5 percent level. 
"'"Significant at the 1 percent level. 
Note: Numbers in parentheses are standard errors. 
Source: Authors' analysis of data described in Appendix. 
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this is done, concessionality is found to be significant, whereas the official 
creditor share is not (results not reported). This is suggestive-but hardly 
conclusive--evidence against the "defensive lending" hypothesis. 

Policy Endogeneity and the Role of Shocks 

A potential concern with the results is that the CPIA measure of policy could be 
endogenous, in one of two ways. One possibility is that the CPIA is simply 
proxying for the indicators of debt distress. For example, it could be that 
World Bank country economists assign poor CPIA scores to countries that are 
running arrears or are negotiating a Paris Club agreement. The first defense 
against this possibility is the use of lags of the CPIA-CPIA in the year before the 
distress or normal time episode begins. Nevertheless, it could be that lagging the 
CPIA just one year is not sufficient, if for example, the CPIA scores are based on 
information that a Paris Club deal is likely to happen soon. When the CPIA is 
lagged by three years to eliminate the possibility of a mechanical correlation 
between distress and CPIA scores capturing actual or imminent distress, this 
further lagged measure of policy remains a highly significant predictor of debt 
distress (columns 1 and 4 of table 5).15 As the lag lengthens, however, the CPIA 

score unsurprisingly becomes less significant (results not reported). However, 
the significance of the one-year and three-year lagged CPIA scores in predicting 
debt distress is unlikely to reflect primarily reverse causation from future distress 
outcomes to current CPIA scores because that would require remarkable foresight 
on the part of World Bank staff who produce CPIA scores. 

The second potential endogeneity problem is that the CPIA is simply proxying 
for other omitted country characteristics that also matter for debt distress. These 
might be macroeconomic instability in the country or deep institutional char- 
acteristics such as protection of property rights. Another possibility comes from 
the findings of Reinhart, Rogoff, and Savastano (2003) that a country's history 
of default and bad policy is a robust predictor of investors' perceptions of the 
likelihood of sovereign default. Countries with weak property rights, high 
macroeconomic instability, or a history of default might be more likely both to 
experience debt distress and to receive worse CPIA scores. To the extent that such 
factors are time invariant, the usual strategy is to difference them away and focus 
on the within-country variation in debt distress, debt burdens, policies, and 
growth. As discussed in more detail below, this simple differencing strategy is 
not an option in the nonlinear probit specification used here. The next section 
uses a dynamic panel probit estimator that allows for unobserved country- 
specific sources of heterogeneity that help address this problem. 

For now, direct controls are introduced for some of these country character- 
istics. Property rights protection is measured using the "rule of law" indicator 

15. The CPIA variable itself is quite persistent over time. By sheer coincidence the correlation between 
the f i s t  and second lag of the CPIA in the sample is one, so the results using the second lag are not 
reported. The correlation between the first and third lag of the CPIA in the sample is 0.90. 



TABLE 5. Role of Policies and Shocks 

Low-Income Low-Income Low-Income Low-Income Low-Income 
All All All Countries Countries Countries All All All Countries Countries 

Present value 0.644 0.655 0.654 
debtlexports (0.151)*** (0.156)**:i. (0.153)>>*>> 
Country Policy and -4.994 -0.533 

Institutional (2.131)** (0.142)"*" 
Assessment (CPIA) 

Real GDP growth -5.381 -0.556 -3.755 
(2.235)** (0.155)*** (2.140)" 

Three-year CPIA -0.384 
(0.189)"'* 

Rule of law 0.014 
(0.176) 

High inflation 0.997 
Q\ (0.667) 

Default history 

Growth in real 
exchange rate 

Growth in 
terms of trade 

Constant 0.194 0.833 0.613 
(0.531) (0.566) (0.528) 

Number of 190 200 199 
observations 

*Significant at the 10 percent level. 
*"Significant at the 5 percent level. 
***Significant at the 1 percent level. 
Note: Numbers in parentheses are standard errors. 
Source: Authors' analysis of data described in Appendix. 
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constructed by Kaufmann, Kraay, and Mastruzzi (2005). Macroeconomic 
instability is measured as the proportion of years in the sample period when 
inflation was greater than 40 percent a year. These control variables are added to 
the core specification for all countries and for low-income countries in columns 
2, 3, 5, and 6 of table 5. Including these variables reduces the magnitude of the 
effect of policy somewhat compared with the results reported in table 3, but the 
direct effect of the CPIA remains highly significant. 

To directly investigate a country's history of default on its external obligations 
as a predictor of debt distress, the database of default episodes compiled by 
Reinhart, Rogoff, and Savastano (2003) is used to identify the fraction of years 
between independence (or 1824, whichever is later) and 1980 in which a country 
was in default on its external borrowing. Although this default history variable is 
significant for the full sample of observations, the CPIA remains highly significant 
as well (column 7 of table 5).16 From all of this, as well as the results described 
below, there can be reasonable confidence that endogeneity of the CPIA in the 
sense defined here is not driving the findings. 

The analysis also attempts to isolate particular shocks that might trigger 
debt distress. The real GDP growth variable is replaced by measures of real 
exchange rate movements (columns 8 and 10 of table 5) and fluctuations in the 
terms of trade (columns 9 and 11). The rate of change in the real exchange rate 
relative to the U.S. dollar is constructed using changes in the nominal exchange 
rate and GDP deflators. Positive values of this variable correspond to real 
depreciations, which would be expected to raise the risk of debt distress by 
making dollar-denominated debt service obligations more expensive in 
domestic terms. The income effect of terms of trade change is measured as 
the current local currency share of exports in GDP times the growth rate of the 
local currency export deflator minus the share of imports in GDP times the 
growth rate of the import deflator. Adverse terms of trade shocks lower export 
earnings and income and might also trigger debt servicing difficulties. Despite 
the prior plausibility of these two shocks, virtually no evidence is found that 
they are significant predictors of debt distress. For terms of trade shocks this 
may not be too surprising, as Raddatz (2005) documents that these shocks 
account for only a small share of the variation in output in low-income 
countries. The results for real exchange rate movements also echo the negative 
findings of McFadden and others (1985) mentioned earlier. The results 
continue to show, however, that debt burden and policy are highly significant. 

Robustness of Core Specification: Dynamic Panel Probit Estimates 

The robustness checks conclude with a dynamic panel probit specification used 
to investigate the extent to which unobserved country characteristics, as well as 

16. The impact of the default history variable cannot be estimated separately in the low-income 
sample because this variable is by coincidence equal to zero for all of the normal time episodes among low- 
income countries, creating a singularity in the probit regression. 



countries' history of distress, matter for the current likelihood of distress. The 
following dynamic probit specification with unobserved country-specific effects 
is estimated: 

(2 )  Pbct = 11 = WP'XCt + P . Yc,t- + PC) 

where y, ,  denotes the value of the distress indicator in the episode immediately 
prior to the one occurring at time t in country c; p is a parameter capturing the 
persistence of distress, and p, is an unobserved country-specific time-invariant 
effect capturing unobserved country characteristics that influence the probability 
of debt distress. 

This empirical model generalizes the one used so far in two important 
respects. First, it allows for serial dependence in the likelihood of debt distress 
by permitting the past value of the outcome variable (distress or not) to affect the 
probability that the current outcome will be distress. This captures in a very 
straightforward way the possibility that once a country has experienced debt 
distress it is more likely to do so in the future. Second, this model allows for 
unobserved country effects that influence the probability of distress in all periods 
for a given country. Importantly, there is no need to assume that the unobserved 
country effects are independent of the observed right-side variables. Thus there is 
no need to be concerned that the significance of the findings is being driven by 
omitted time-invariant country characteristics, such as property rights protec- 
tion or a history of macroeconomic instability, that might affect the probability 
of debt distress and also be correlated with the included right-side variables. 

The presence of unobserved country-specific effects complicates the estima- 
tion of the model. As noted, they cannot be eliminated by a differencing trans- 
formation common in linear panel data models. Moreover, a lagged dependent 
variable presents the familiar initial conditions problem: loosely, it cannot be 
ignored that by construction the lagged dependent variable is correlated with the 
unobserved country effect. This model is estimated by applying the initial con- 
ditions correction suggested by Wooldridge (2005). He proposes modeling the 
individual effect as a linear function of the initial observation on the dependent 
variable for each country, as well as time averages of all of the right-side 
variables. He also shows that this specification can be simply estimated using 
standard random-effect probit software, as long as the list of explanatory vari- 
ables is augmented with the initial value of the dependent variable and time 
averages of all of the right-side variables for each country. 

As before, debt indicators, policy, and growth remain significant predictors of 
the probability of debt distress in the full sample, and in the low-income country 
sample only debt and policies matter (table 6). The point estimates of the coeffi- 
cients on debt and on policy are also quite close to those shown in table 3. 
No evidence is found that debt distress in the previous period significantly raises 
the  roba ability of distress in the next period, after debt burdens, policy, and 
growth are controlled for. Taken together, these results suggest that unobserved 
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T ABLE 6 .  Dynamic Probit Results 

All Low-Income Countries 

Lagged dependent variable -0.641 (0.451) -0.311 (0.736) 
Present value debdexports 0.628 (0.256)*+ 0.557 (0.334)* 
Country Policy and -0.522 (0.260)"+ -1.486 (0.520)+'* 

Institutional Assessment (CPIA) 

Real GDP growth -8.237 (3.407)" -6.122 (5.791) 
Initial dependent variable 0.031 (0.502) 0.381 (0.808) 
Average present value 0.152 (0.363) -0.323 (0.409) 

debdexports 
Average CPIA -0.153 (0.326) 0.700 (0.560) . 
Average real GDP growth 5.839 (4.729) 2.701 (7.612) 
Constant 1.100 (0.859) 2.094 (1.408) 
Number of observations 191 78 
Number of countries 87 39 

+Significant at the 10 percent level. 
'+Significant at the 5 percent level. 
*+'Significant at the 1 percent level. 
Note: Numbers in parentheses are standard errors. 
Source: Authors' analysis of data described in Appendix. 

time-invariant country characteristics are not responsible for the main results and 
that the observed persistence of debt distress is due mostly to country effects and 
the persistence of debt burdens, policies, and shocks rather than to a recent history 
of distress itself.'' 

The analysis has shown that the likelihood of debt distress in low-income 
countries depends not only on debt burdens but also on the quality of a country's 
policies and institutions. This finding has important implications for the lending 
strategies of official creditors such as the World Bank. The basic point is that 
assessments of the appropriateness of a country's debt burden should reflect the 
quality of the country's policies and institutions. The empirical results indicate a 
significant tradeoff between debt burdens and policy: countries with better 
policies and institutions can carry substantially higher debt burdens than coun- 
tries with worse policies and institutions without increasing the risk of debt 
distress. 

Figure 3 highlights this tradeoff. Consider a hypothetical country with a 
growth rate of 3.6 percent (the mean of the sample). For the indicated value of 
the CPIA on the x-axis, the level of the present value of debt relative to exports is 

17. This last result contrasts with the finding of McFadden and others (1985), who do find evidence 
for state dependence in episodes of debt-servicing difficulties. 



FIGURE 3. Policies and Debt Distress 

500 i 

2.5 3 3.5 4 4.5 
Countty policy and institutional assessment score 

Source: Authors' analysis of data described in Appendix. 

computed that would be consistent with a predicted probability of debt distress 
equal to 39 percent, which corresponds to the unconditional mean in the sample 
of low-income countries (truncating negative values at zero).'' The same rela- 
tionship between policy and debt is reported based on the estimates pooling data 
for all countries. 

The tradeoffs between debt and policy are considerable. For the estimates 
based on low-income countries, a country with average growth and poor policy 
(corresponding to a CPIA score of 3, roughly in the first quartile of the sample) 
would be able to tolerate a present value of debt to exports of about 100 percent. 
In contrast, a country with good policy (corresponding to a CPIA score of 4, in the 
fourth quartile of the sample) would be able to tolerate a debt level nearly three 
times higher with the same distress probability. For the estimates based on all 
countries, the tradeoffs are flatter. The implied debt level for a poor policy 
country with a CPIA of 3 would be 75 percent, whereas for a fairly good policy 
country with a CPIA of 4 it would be 160 percent. 

Of course, for lower debt distress probabilities these lines would shift down, 
corresponding to lower levels of debt for any level of policy, and for higher debt- 
distress probabilities the line would shift up, corresponding to higher levels of 
debt for any level of policy. In addition, the precise magnitudes of the effects of 
differences in debt and policy on these implied debt levels depend on all of the 
estimated coefficients in the regressions on which these estimates are based, and 

18. These implied debt levels are obtained by solving p = @(Po + PI x Debt + pz x 
Policy + p3 x Growth) for debt, where p is the desired probability of debt distress. 
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these are subject to margins of error and vary across specifications. Thus, these 
numbers provide only a rough order of magnitude of the effects of policies on the 
level of debt consistent with a given distress probability. 

The second policy implication is that the risk of debt distress should be taken 
into account when deciding the terms of resource transfers to low-income 
countries. The point here is simple. In recent years large increases in flows of 
development finance have been advocated to help countries meet the Millennium 
Development Goals. If these flows are provided in the form of concessional 
loans, as they have been in the past, many low-income countries are likely to see 
very sharp increases in their debt burdens. This could easily undo the reductions 
in debt burdens due to past debt relief efforts, which could thus have little lasting 
impact on the risk of debt distress. 

Consider this simple hypothetical calculation for the 28 countries that have 
received debt relief under the HIPC Initiative. Between 1990 and 2003 these 
countries as a group received $58 billion in disbursements of mostly concessional 
loans from official creditors. Given the calls for much greater aid to these coun- 
tries, it is not inconceivable that these countries would receive the same amount of 
disbursements over the next five years. Now assume that the rate of concession- 
ality of this new lending is the same as it is on the stock of debt outstanding as of 
2003 and suppose further that it is distributed across countries in the same 
proportions as past official lending. This permits calculating a hypothetical pre- 
sent value of debt five years into the future, which can be thought of as corre- 
sponding to a rapid scaling-up in aid in the form of development lending to these 
countries with no change in the terms of these loans. Under this scenario the ratio 
of the present value of debt to exports would rise from a median of 157 percent to 
a median of 299 percent for these 28 countries. Based on the estimates in column 2 
of table 3 and assuming no change in policies or growth performance, the 
estimated risk of debt distress would rise from a median of 33 percent (based on 
end-2003 data) to 52 percent. If exports in these countries are assumed to grow at 
their historical rate over the next five years, the increase in the ratio of the present 
value of debt to exports would be smaller, but still substantial, rising to 248 
percent of exports for the median country. 

This simple example illustrates how a large scaling-up in loan-based aid to 
low-income countries, without significant changes in the terms of these loans, is 
likely to result in sharp increases in external debt burdens and in the risk of debt 
distress. To avoid this, grants must make up a greater share of development 
assistance. For countries with a given quality of policies the share of grants will 
need to be significantly higher where debt distress probabilities are high and 
lower where distress probabilities are low. This implication is also consistent 
with the results in columns 3 and 6 of table 4, which show that the greater the 
concessionality of debt, the lower is the risk of debt distress. 

Grants should not, however, supplant loans one for one in nominal terms in 
countries where the risk of debt distress is high, for two reasons. First, replacing 



loans with grants equal to the face value would represent a vastly larger resource 
transfer than is currently envisioned by donors, and obtaining the necessary 
financing would be difficult. Second, such a scheme would implicitly "reward" 
countries implementing weak policies with greater overall resource transfers, 
undermining efforts to target aid to countries with good policies. 

One scheme for calibrating the share of grants without exacerbating these 
targeting problems would be a three-step process that begins by converting the 
total amount of new lending into its grant equivalent from the donors' perspec- 
tive (subtracting the present value of future debt-service obligations from the 
face value of the new lending). Next, this grant equivalent could be allocated 
across countries following an aid allocation rule that recognizes the importance 
of "needs" (the prevalence of poverty) and aid effectiveness (a function of the 
quality of policies and institutions of the recipient country, as is currently done 
by the International Development Association, the soft-loan window of the 
World Bank). Finally, for countries below a 'specified distress probability 
(where the capacity for servicing debt in the future is considered relatively 
good), this grant equivalent could be grossed-up into a much larger amount of 
concessional lending with the same grant equivalent. 

Such a scheme has many advantages. It avoids the large and likely unsustain- 
able increases in debt burdens that would follow from large-scale across-the-board 
new lending to low-income countries. This scheme not only ensures that resources 
are targeted to countries with high poverty and good policies but also provides an 
additional reward for good policy. Countries would prefer to be able to gross-up 
as much of their grant-equivalent allocation as possible into lending, and improve- 
ments in policy can create additional headroom for new borrowing by lowering 
the probability of debt distress. Finally, this scheme would not require any new 
commitments by donors to finance new grants, beyond the new transfers in grant 
equivalent terms implicit in donor commitments to lending at existing rates of 
concessionality. This is because donors would be committing to the same transfer 
to a country whether they provide only the grant element or they convert the grant 
element into a loan with the same grant equivalent. If anything, the resource 
transfer from the perspective of the donor might be even smaller, to the extent 
that calibrating the fraction of loans to the probability of debt distress results in 
higher actual repayment rates in the future.19 

In summary, this article has shown that the risk of debt distress depends 
significantly on a small set of factors: debt burdens, policies and institutions, 

19. In 2005 the IMF and World Bank adopted a joint Debt Sustainability Framework for low-income 
countries that endorsed a greater role for grants to reduce the risk of debt distress. It spelled out a set of 
policy-dependent debt sustainability thresholds that are based on the empirical analysis in the working 
paper version of this article (Kraay and Nehru 2004). IDA has chosen to implement a modified version of 
the proposal advanced here and in the working paper version of this article. The key difference, however, 
is that the IDA proposal converts the full amount of proposed lending to countries at risk of debt distress 
into grants, less a small discount. This results in greater resource transfers to countries at  risk of debt 
distress and so reduces the policy selectivity of IDA resource transfers. 
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and shocks. This finding is robust to several checks, and the empirical model 
does a reasonable job of predicting future debt distress. Although at some level 
these results should not be too surprising, they do have important implications 
for how to finance resource transfers to low-income countries. The results 
indicate that the probability of debt distress is already high in many low-income 
countries and is likely to increase sharply if the large-scale development finance 
required to meet the Millennium Development Goals is provided in the form of 
concessional lending at historical levels of concessionality. The article also 
proposed a simple scheme of financing resource transfers to low-income coun- 
tries in a way that controls the probability of debt distress, provides good 
incentives to borrowers, and does not involve additional donor commitments 
to finance large-scale new grants. 

Data Sources 

The debt-distress indicator requires data on arrears, Paris Club deals, and MF 

programs. Data on arrears are taken from the World Bank's Global Develop- 
ment Finance. The arrears data consist of arrears to official and private creditors 
and are expressed as a share of total debt outstanding. Paris Club deals come 
from the Paris Club Web site (http://www.clubdeparis.org). For IMF programs 
data on commitments under Standby Arrangement and Extended Fund Facility 
programs and data on the size of each country's quota, used to normalize 
commitments, are from the IMF'S International Financial Statistics. 

The core regressions include the present value of debt as a share of exports. 
Data on the numerator of this measure come from Dikhanov (2003). He applies 
currency-, maturity-, and time-specific market interest rates to the flow of debt- 
service obligations on a loan-by-loan basis, using data from the World Bank's 
Debtor Reporting System database to arrive at a historical series of the present 
value of public and publicly guaranteed debt for all developing countries since 
1970. The denominator is exports in current U.S. dollars taken from the World 
Bank's World Development Indicators Database. The same data source is used 
to construct the growth rate of GDP in constant local currency units for the 
growth variable. The CPIA variable is a confidential policy assessment produced 
by World Bank country economists. Details on its structure and disclosure of 
recent data are available at http://www.worldbank.org. Data on the share of 
debt owed to official creditors and on the share of public and publicly guaran- 
teed debt in total debt (at face value) are from Global Development Finance. 

The robustness checks use the rule of law measure constructed by Kaufmann, 
Kraay, and Mastruzzi (2005) and countries' default history as reported by 
Reinhart, Rogoff, and Savastano (2003). A dummy variable for years of high 
inflation is constructed using consumer price index (CPI) inflation data obtained 
from the World Development Indicators Database, supplemented by data on the 



growth rate of the GDP inflator when CPI inflation is not available. The real 
exchange rate index is the bilateral real exchange rate relative to the U.S. dollar, 
using the price index of GDP in the home country and the United States. Data on 
these variables also come from the World Development Indicators Database 
http://www.worldbank.org. 
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Measurement of the likely magnitude of the economic impact of climate change on African 
agriculture has been a challenge. Using data from a survey of more than 9,000 farmers across 
11 African countries, a cross-sectional approach estimates how farm net revenues are 
affected by climate change compared with current mean temperature. Revenues fall with 
warming for dryland crops (temperature elasticity of -1.9) and livestock (-5.4), whereas 
revenues rise for irrigated crops (elasticity of 0.5j, which are located in relatively cool parts 
of Africa and are buffered by irrigation from the effects of warming. At first, warming has 
little net aggregate effect as the gains for irrigated crops offset the losses for dryland crops 
and livestock. Warming, however, will likely reduce dryland farm income irnmedia- 
tely. The final effects will also depend on changes in precipitation, because revenues from 
all farm types increase with precipitation. Because irrigated farms are less sensitive to climate, 
where water is available, irrigation is a practical adaptation to climate change in Africa. 
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The increasing concern about climate change has led to a rapidly growing body 
of research on the impacts of climate on the economy. Quantitative estimates of 
climate impacts have improved dramatically over the last decade (Pearce and 
others 1996; McCarthy and others 2001; To1 2002; Mendelsohn and Williams 
2004). Sub-Saharan Africa is predicted to be particularly hard hit by global 
warming because it already experiences high temperatures and low (and highly 
variable) precipitation, the economies are highly dependent on agriculture, and 
adoption of modern technology is low. 

Despite the estimated magnitude of the potential impacts on Africa, there 
have been relatively few economic studies (Kurukulasuriya and Rosenthal 
2003). Most of the quantitative projections are interpolations from empirical 
studies done elsewhere (To1 2002; Mendelsohn and Williams 2004). A limited 
number of agronomic studies on Africa have confirmed that warming would 
have large effects on selected crops (Rosenzweig and Parry 1994), but these 
studies reflect only a small share of Africa's crops, they fail to capture how 
farmers might respond to warming, and they do not quantify overall economic 
impacts. The economic impact on the livestock sector in Africa has gone largely 
unstudied (Kurukulasuriya and Rosenthal 2003). 

This study uses farm-level data collected across diverse climate zones in 11 
African countries to explore how the current climate already affects African 
farmers, specifically net farm revenues. Total net farm revenue is defined as the 
sum of incomes from three main farm activities: dryland crops, irrigated crops, 
and livestock. Irrigated crops rely on at least some irrigated water (from surface 
flows or ground water). Dryland crops rely only on rainfall that falls on the 
farm. Livestock in Africa largely depend on grazing on natural lands or pasture. 
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This information is used to estimate the impacts of changing temperature and 
precipitation on the net revenues of African farmers using the Ricardian method 
(Mendelsohn, Nordhaus, and Shaw 1994). Net revenues are regressed on cli- 
mate, soils, and other control variables. Separate regressions are estimated for 
the three main farm activities to shed light on the climate response of each of 
these components of farm income. The amount of land that was planted could be 
accurately measured for the crop regressions used to estimate net revenue per 
hectare. Since most African farmers rely on common land for livestock grazing, 
it was not possible to determine how much land was used. The livestock regres- 
sions are consequently based on revenue per farm. Although these analyses are 
therefore different, total farm income is still the sum of the incomes from these 
three sources. 

This study uses a Ricardian approach to measure the determinants of farm net 
revenues, including climate, through an econometric analysis of cross-sectional 
data (Mendelsohn, Nordhaus, and Shaw 1994). The approach has been applied 
to study the relationship between net revenues from crops and climate, including 
other key variables in selected countries in low latitudes (Kumar and Parikh 
2001; Mendelsohn, Sanghi, and Dinar 2001; Molua 2002; Deressa, Hassan, and 
Poonyth 2005; Gbetibouo and Hassan 2005; Seo, Mendelsohn, and Munasinghe 
2005; Kurukulasuriya and Ajwad 2006), but this study is the first application of 
the method to many countries across a continent (Africa). It is also the first 
Ricardian study to examine net revenues from livestock. 

David Ricardo (1815) was the first to observe that land rents reflects the net 
revenue value of farmland. Farmland net revenue (R) reflects the net productiv- 
ity and costs of individual crops and livestock: 

where Pi is the market price of crop i, Qi is output of crop i, X is a vector of 
purchased inputs (other than land), F is a vector of climate variables, H is water 
flow, Z is a vector of soil variables, G is a vector of economic variables, and P, is 
a vector of input prices. The farmer is assumed to choose inputs (X) to maximize 
net revenues given the characteristics of the farm and market prices. 

Each farmer is assumed to choose inputs and outputs to maximize their net 
revenue subject to the climate and soils of each farm, in addition to other key 
economic variables. The observed net revenue function is therefore the locus of 
maximum profits given the set of exogenous climate, soil, and economic condi- 
tions. The Ricardian model is a reduced form hedonic price model of that locus 
of profits. Net revenue is defined as gross revenue minus the cost of transport, 
storage, hired labor (valued at the market wage rate), light farm tools (files, axes, 
machetes), heavy machinery (tractors, plows, threshers), fertilizer, pesticides, 



and postharvest losses. Household labor costs are not included because the 
shadow wage rate that workers apply to their own time cannot be measured. 
This is a common problem in the development literature (Bardhan and Udry 
1999). The effects of different soil types are controlled for and tested in this 
analysis. Water flow is also included because it is particularly important for 
irrigation (Mendelsohn and Dinar 2003). 

In the data set used in this analysis, farmers growing crops either use irrigation 
or do not. Many farmers, however, combine growing crops with raising live- 
stock. A few farmers just raise livestock. Across Africa, farmers use a combina- 
tion of irrigated crops, dryland crops, and livestock. The analysis examines each 
of these revenue sources separately, estimating a separate Ricardian model for 
livestock, dryland crops, and irrigated crops. This is done, first, because each 
revenue source is thought to respond to climate differently and second, because 
information was not available about the amount of land that livestock used, and 
therefore revenue per hectare models for cropland cannot be used for livestock. 
Following Schlenker, Hanemann, and Fischer (2005), whether a farm grows 
dryland crops, grows irrigated crops, or raises livestock is assumed to be exo- 
genous. Future studies will relax this assumption and predict how even the type 
of farm may be influenced by climate. 

The standard Ricardian model relies on a quadratic formulation of climate: 

where p is an error term. Both a linear and a quadratic term for climate, F (tempera- 
ture and precipitation) are introduced. This quadratic functional form for climate 
captures the expected nonlinear shape of the relationship between net revenues and 
climate (Mendelsohn, Norhaus, and Shaw 1994; Mendelsohn, Sanghi, and Dinar 
2001; Mendelsohn and Dinar 2003). Based on agronomic research and previously 
reported cross-sectional analyses, farm net revenues are expected to have a concave 
(hill-shaped) relationship with temperature. For each crop, there is a known 
average temperature that is best for crop production, but this relationship is not 
necessarily concave for each season. Less is known about livestock, but in general, 
livestock appear to be chosen to match certain climate zones (McCarthy and others 
2001). So there is every reason to believe that the quadratic form of the climate 
variables is suitable for livestock as well. Water flow is introduced in a log form 
because the benefits from flow diminish as flow increases. 

Past Ricardian studies have suggested that crops respond to seasonal 
variation in climate (Mendelsohn, Norhaus, and Shaw 1994; Mendelsohn, 
Sanghi, and Dinar 2001; Mendelsohn and Dinar 2003). Climate data for 
consecutive months are highly correlated and perform poorly in Ricardian 
models. In a tropical climate, even the seasons are highly correlated as there 
is not as much variation from one season to the next compared with temperate 
climate regions. Nonetheless, there was a desire to capture as much of the 
seasonal effects as possible. Seasons were defined as follows: winter (in the 
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Southern Hemisphere) is defined as May, June, and July, spring as August 
through October, summer as November through January, and fall as Feb- 
ruary through April. The seasons in the Northern Hemisphere are defined in 
the same way for the appropriate months. These seasonal definitions provide 
the best fit with the crop farm data, and they reflect the mid-point for key 
rainy seasons in Africa. All three Ricardian models use the same definition 
of climate. 

An alternative way to measure climate is to use growing degree days (Ritchie 
and NeSmith 1991). Growing degree days are the sum of degrees above a 
specified cutoff temperature across a growing season for a particular crop. If 
climates are stable, growing degree days can measure land value accurately 
(Schlenker, Hanemann, and Fischer 2006). However, the technique was origin- 
ally developed to be crop specific, and it was tied to the sowing and harvest dates 
of individual crops. It becomes a very vague and biased concept when applied 
across crops and regions with different and changing lengths of growing seasons, 
because, among other things, it does not capture seasonal effects or account for 
the impact of cold days. 

The marginal impact of a single climate variable, f i ,  on crop or livestock net 
revenue evaluated at the mean of that variable is: 

Because flow is expressed in logarithmic terms, the marginal impact of flow, 
H, on net revenue is 

These marginal effects can be evaluated at any level of climate or flow, but the 
focus is on showing effects at mean climate levels for Africa. Note that the linear 
formulation of the model assumes that these marginal effects [equations (3) and 
(4)] are independent of future technological change. However, it is possible that 
future technological change could make crops (or other farming activity) more 
susceptible to temperature or precipitation changes-or less so. 

The marginal change in rent is the marginal welfare effect of the change in the 
exogenous variable. However, with nonmarginal changes in exogenous vari- 
ables, underlying prices may change. The Ricardian price schedule will over- 
estimate welfare effects in this case because the price changes will mitigate some 
of the effects (Cline 1996; Adams 1999; Darwin 1999). For globally traded 
goods such as agricultural crops and livestock products, price changes are not 
likely to be a problem as local gains and losses in production are expected to 
offset each other for a small net change in global output (Reilly, Hohmann, and 
Kane 1994; Mendelsohn and Nordhaus 1999). However, a dramatic reduction 
in the productivity of African agriculture could affect ~ f r i c a n  wage rates. For 
example, if productivity in a district fell substantially, local wages might fall-or 
if productivity rose, wages might also rise. To capture this effect, a more 



complete analysis would have to model local African labor markets as well as 
land productivity. 

The strength of the Ricardian method is that it captures the adaptation 
responses of farmers. The use of net revenues in the analysis reflects the 
benefits and costs of implicit adaptation strategies. Specifically, the analysis 
incorporates the substitution of different inputs and the introduction of 
alternative activities that each farmer has adopted in light of the existing 
climate. For example, the model reflects the costs of seeds, equipment, and 
hired labor that a farmer might pay in response to climate and the revenue 
that the farmer consequently earns. Farmers adapt by changing their crops, 
their sowing methods, their timing, and their inputs. Farms also adapt by 
changing their types of livestock and number of animals. All of these 
changes increase net revenues under the new climate conditions. Conse- 
quently, accounting for adaptation leads to much lower predicted overall 
damage from climate change. This is true even if all the adaptations being 
considered are practices currently being used in Africa. 

The Ricardian method is a cross-sectional approach. It assumes that cross- 
sectional comparisons provide useful insights into long-term intertemporal 
changes. The Ricardian method does account for adaptation costs that would be 
associated with comparing one equilibrium state with another. However, cross- 
sectional analysis does not account for dynamic transition costs that might occur 
as farms move between two states. For example, the Ricardian model does not 
capture the costs of learning by doing or of decommissioning capital prematurely 
(Kaiser, Riha, Wilkes, Rossiter, and others 1993; Kaiser, Riha, Wilkes, and 
Sampath 1993; Quiggin and Horowitz 1999; Kelly, Kolstad, and Mitchell 
2005). Furthermore, innovations in modern agriculture, which have been adopted 
in other low-latitude regions, have spread slowly in Africa, suggesting that transi- 
tion costs must be examined carefully in Africa (Evenson and Gollin 2003). 

The Ricardian approach has a number of other limitations. For example, the 
approach does not measure the effect of variables that do not vary across space. 
Specifically, the effect of different levels of carbon dioxide is not captured as 
carbon dioxide levels do not vary systematically across Africa. Controlled 
experiments and crop simulation modeling are required to learn about the likely 
positive effect of carbon fertilization. It may also be possible that some aspects of 
future climates do not resemble anything in the present. For example, if there is 
some type of extreme event in the future that does not occur in the present, the 
analysis will not be able to evaluate its effect. Finally, the Ricardian results can 
be distorted by local agricultural policies. If some countries subsidize farm inputs 
or regulate certain crops, they influence farmers' choices, and the empirical 
results will reflect these distortions. If the distortion is explicitly modeled, it 
can be controlled for. But if it is not carefully modeled, the climate variables may 
be biased. If future decision makers eliminate these subsidies or introduce new 
ones, the predictions from the empirical results may no longer hold. 
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The study relied on long-term average climate (normals). These long-term data for 
districts in Africa were gathered from two sources. Satellite data on temperature was 
measured by a Special Sensor Microwave Imager (SSM) on U.S. Department of 
Defence satellites (Basist and others 2001) for 1988-2003. The SSM detects micro- 
waves through clouds and estimates surface temperature (Basist and others 1998; 
Weng and Grody 1998). The satellites conduct daily overpasses at 6 a.m. and 6 p.m. 
across the globe. The precipitation data come from the Africa Rainfall and Tem- 
perature Evaluation System (World Bank 2003) created by the Climate Prediction 
Centre of the U.S. National Oceanic and Atmospheric Administration. It is based on 
ground station measurements of precipitation for 1977-2000. Thus, the tempera- 
ture and precipitation data cover slightly different periods. This discrepancy might 
be a problem for measuring variance or higher moments of the climate distribution, 
but it should not affect the use of the mean of the distribution. 

The 11 countries in this study were selected across the diverse climate zones of 
Africa (figure 1) and precipitation of each country in the sample. Although 
Africa is generally hot and dry, there is a great deal of variation across the 
continent (figure 2). Egypt and South Africa are much cooler than the rest of the 
countries in the sample. Similarly, relative to the other countries in the sample, 
Cameroon is very wet, followed by Kenya, Zambia, Ghana, and Ethiopia; the 
other countries, especially Egypt, are drier. 

Within each country, districts, were selected to capture representative farms 
across diverse agroclimatic conditions. Between 30 and 50 districts were sampled 
in each country. In each district, surveys were conducted in 2002-04 of randomly 
selected farms (seven countries were surveyed in the 2002-03 season and four 
countries were added in 2003-04). Sampling was clustered in villages to reduce the 
cost of administering the survey. A total of 9,597 surveys were administered. The 
final number of surveys with usable information on crop production was 9,064. Of 
these, 7,238 farms had dryland crops, 1,221 had irrigated crops, and 5,062 had 
livestock. Many farms had both crops and livestock. The total number of farm 
surveys per country varied from 222 in South Africa to 1,288 in Burkina Faso. 

Median net revenues per farm from dryland crops, irrigated crops, and live- 
stock are presented in figure 3 by country. The relative importance of dryland 
crops and irrigated crops varies considerably. For example, Egypt is entirely 
dependent on irrigated crops because the climate is too dry to support crops 
without irrigation. In contrast, most farms in East Africa and the Sahel have very 
little irrigated crops. Livestock net revenue varies widely across countries, but it 
is particularly important in relatively dry countries. 

Data on hydrology were obtained from a continental scale hydrological 
model of Africa (WMI and University of Colorado 2003). Using climate data 
and local typography, the model estimated the potential monthly long-term 
stream flow for each district. Potential water flows were used because water can 
be withdrawn from many places along a watershed. Water flow measures the 
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FIGURE 1 . Map of Study Countries 

Seneg 

amount of water coming from other districts and is an important complement to 
the water generated in each district from precipitation. Water flow is particularly 
important in Africa, where water is generally scarce. For example, the Nile delta 
would be completely unsuitable for farming without the water from the Nile River. 

Data on the composition, coarseness, and slope of the major soils in each 
district were obtained from the Food and Agriculture Organization (FAO 2003). 

The analysis explores three principle hypotheses. First, African net farm reven- 
ues are sensitive to climate. Second, irrigated and dryland crops have different 
responses to climate (Mendelsohn and Dinar 2003; Schlenker, Hanemann, and 
Fischer 2005). Third, crops and livestock have different climate response 
functions. 
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These hypotheses are tested by estimating three regressions. The net revenues 
per hectare for dryland crops and irrigated crops and the net revenue per farm 
for livestock are regressed on climate and other control variables (table 1). 

FIGURE 2.  Mean Annual Temperature (1988-2003 average) and Precipitation 
(1977-2000 average) by Country 

Source: Authors' analysis based on data from Basist and others (2001) and World Bank (2003). 

FIGURE 3.  Median Net Revenue Per Farm from Dryland Crops, Irrigated 
Crops, and Livestock (2005 U.S. dollars) 

Source: Surveys conducted by the authors in 200244. 



TABLE 1. Ordinary Least Squares Regression of African Net Farm Revenues 

Variable (1) (2) (3) 
Dryland crop Irrigated crop Livestock 
(per hectare) (per hectare) (per farm) 

Temperature winter 
Temperature winter squared 
Temperature spring 
Temperature spring squared 
Temperature summer 
Temperature summer squared 
Temperature fall 
Temperature fall squared 
Precipitation winter 
Precipitation winter squared 
Precipitation spring 
Precipitation spring squared 
Precipitation summer 
Precipitation summer squared 
Precipitation fall 
Precipitation fall squared 
Flow 
Elevation 
Log household size 
Household electricity 
Eutric gleysols coarse soils 
Lithosols steep soils 
Orthic luvosols medium soils 
Chromic vertisol fine soils 
Chromic luvisol fine soils 
Cambic arenosols soils 
Luvic arenosols soils 
Calcic yermosols medium soils 
Gleyic luvisols soils 
Rhodic ferralsols steeD soils 
Chromic luvisols medium soils 
Dystric nitosols soil 
Eutric cambisols fine soils 
Calcic cambisols coarse soils 
Vertic cambisols fine soils 
Orthic ferralsols fine soils 
Rhodic ferralsols fine soils 
Lithosols medium steep soils 
Ferric luvisols fine soils 
Gleyic luvisols medium soils 
Chromic vertisols soils 
Eutric planasols fine steep soils 
Constant 
Number of observations 
Fstatistic 
R-squared 

"Significant at the 5 percent level. 
*'*Significant at the 1 percent level. 
Note: Numbers in parentheses are robust t-statistics. 
Source: Authors' analysis based on data described in the text. 
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Revenue per hectare could not be examined for livestock because most African 
farmers graze their animals on communal land. Property rights on communal 
lands are complicated, and reliable measures of the amount of land used are not 
available. The marginal effect of climate on each source of revenue is examined, 
and climate elasticities are computed for temperature and precipitation as the 
percentage change in net revenue for a percentage change in temperature or 
precipitation. 

The overall regressions in table 1 are significant at the 1 percent level, and 
the R-squared values are 0.16 for dryland crop, 0.25 for irrigated crop, and 
0.22 for livestock models. Irrigated farms have higher average net revenue per 
hectare than dryland farms and respond differently to the independent vari- 
ables. For example, the net revenue of irrigation rises with water flow, as 
expected. The soil types that affected dryland crop, irrigated crop, and live- 
stock revenues often differ. The soil types that affect both dryland and irrigated 
crop revenue have a larger impact on irrigated land. Elevation has a strong 
positive effect on livestock revenue, a strong negative impact on dryland crop 
revenue, and no effect on irrigated crop revenue. Animals can adapt to high 
altitudes, but the large diurnal cycles associated with high altitudes are harmful 
to crops. Farms with more people in the household earn more crop revenue but 
less livestock revenue. This result implies that growing crops is more labor- 
intensive than tending animals. Finally, farms with electricity had higher 
revenue across all farm types, especially irrigated crops. Electricity and the 
technology associated with it may be the source of this higher value. It is also 
possible that farms with electricity are close to major markets (cities) and that 
this contributes to higher values. 

The most important comparison across crops and livestock concerns the 
climate coefficients. Many of these coefficients are not significant because the 
climate variables are highly correlated with each other. Unlike temperate cli- 
mates, tropical climates do not vary greatly from season to season. The four- 
season specification was maintained, however, to keep the study comparable 
with studies done in other countries. The coefficients vary across the regressions, 
but they are hard to interpret individually. However, the second-order terms 
provide a sense of what shape the response functions are taking. A negative 
coefficient on a squared term implies a concave shape and a positive coefficient 
implies a convex shape. The expectation is that the second order temperature 
coefficients would be negative, especially if higher temperatures were cata- 
strophic. However, the results do not support that hypothesis. Because the 
observed range of precipitation is well below the maximum desired amount, 
the second order precipitation coefficients could have any sign. Many of these 
second order precipitation coefficients in table 1 turn out to be positive, suggest- 
ing that net revenue rises rapidly with precipitation. 

Calculating seasonal marginal effects reveals that higher temperatures 
in the spring and fall are harmful and higher temperatures in the summer 



and winter are beneficial. These results mirror findings from the United 
States, except that they are delayed by one season (Mendelsohn, Nord- 
haus, and Shaw 1994; Mendelsohn and Nordhaus 1999). In Africa crops are 
planted during the summer monsoons rather than the spring. The warmer 
temperatures in summer reflect the benefits of a longer growing season. The 
warmer temperatures in the winter help the crops to ripen. The warmer 
temperatures in the fall are harmful because this is when temperatures peak. 
The warmer temperatures in the spring are harmful because they encourage 
pests. 

The marginal impacts of a change in annual temperature and precipitation are 
also evaluated at the respective sample mean. This calculation of annual effects 
adds a constant temperature and precipitation increment to each season. Note 
that the sample mean climate for dryland, irrigated land, and livestock are quite 
different. Irrigated land is located in drier (average annual precipitation of 33 
millimeters a year) and cooler areas of the sample (average annual temperature 
19" Celsius), livestock in drier (66 millimeters a year) and warmer areas (22" 
Celsius), and dryland crops in the warmer (22" Celsius) and wetter (72 milli- 
meters a year) areas. Many farms in the sample that have crops also have 
livestock. 

Warmer temperatures have very different marginal effects on dryland crops and 
irrigated crops. Dryland crop revenue falls an average of $27 per hectare per 1" 
Celsius increase in temperature, whereas irrigated crop revenue increases an average 
of $30 per hectare per 1" Celsius (table 2). Temperature has a muted effect on 
irrigated crops, partially because irrigation buffers the crops from rainfall shortages 
and partially because irrigated crops are currently planted in relatively cool loca- 
tions in Africa. The change in revenue per hectare is multiplied by the mean 
number of hectares of each type (9 hectares of dryland and 101 hectares of 

TABLE 2. Marginal Climate Impacts on Net Farm Revenue Per Hectare: 
Ordinary Least Squares (OLS) and Country Fixed Effects (Dollars Per Hectare) 

Marginal impact Dryland crop Irrigated crop Livestock 

OLS 

Temperature - 27*4* (-37, -16) 30 (-20, 80) -379 (-775,17) 
Precipitation 1.6""" (0.6, 2.8) 3.0 (-8.8, 14.8) 19.8""" (0.29, 39.5) 

Fixed effect 
Temperature -10 (-21, 0.7) 72*"* (19, 125) -293 (-696,110) 
Precipitation 1.5**" (0.2, 2.8) -0.9 (-13.6, 11.8) -5.2 (-20.3, 9.9) 

"*Significant at the 5 percent level. 
" *"Significant at the 1 percent level. 
Note: Values are calculated at the mean climate of the sample using OLS coefficients from table 1 

and fixed effects coefficients from table S.5 in the supplemental appendix (available at http:// 
wber.oxfordjournals.org). Numbers in parentheses are 95 percent confidence intervals. Estimates 
for livestock are at the farm level. 

Source: Authors' analysis based on data described in the text. 
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irrigated crops per farm) to show the change in average revenue per farm: a 
decline of $239 on dryland farms and an increase of $3,005 on irrigated farms. 
Livestock net revenue falls by an average of $379 per farm per 1" Celsius. 
Weighting each effect by the frequency of each type of farm suggests that the 
mean annual impact of a 1" Celsius increase in temperature is a negligible and 
insignificant increase in net revenue across African farms. The initial increase 
in revenue from irrigated land offsets the decline in revenue for dryland and 
livestock. 

The marginal effects of precipitation on net revenues also vary across 
revenue sources. The marginal effect of precipitation is $1.66 per hectare 
per 1 millimeter increase in precipitation per month on dryland crops and 
$2.98 on irrigated crops. However, on a farm basis the marginal effect of 
precipitation is $15 per millimeter per month on dryland crops and $302 on 
irrigated crops (table 3). By comparison, the marginal effect of precipitation on 
livestock net revenue per farm is $15 per millimeter per month. Weighting these 
values by the frequency of each farm type suggests that a 1 millimeter per month 
increase in precipitation leads to an expected aggregate increase in net revenue of 
$67 per farm. 

Temperature and precipitation elasticities are also calculated (table 4). The 
temperature elasticity is -1.9 for dryland crops and 0.5 for irrigated crops, 
which, as noted are buffered from higher temperatures both by their cooler 
locations and the moderating effect of irrigation. The temperature elasticity for 
livestock is -5.4, meaning that livestock is more sensitive to temperature than 
crops are. Although many livestock can survive in hot locations, the most profit- 
able livestock (beef) are limited to cool regions (South Africa and the Mediter- 
ranean). Warmer temperatures would drive these profitable beef cattle out of 
Africa. 

TABLE 3. Marginal Climate Impacts on Net Farm Revenue Per Farm: Ordinary 
Least Squares (OLS) and Country Fixed Effects (Dollars Per Farm) 

Marginal impact Dryland crop Irrigated crop Livestock 

OLS 

Temperature -239'" " (-335, -142) 3005 (-2040, 8048) -379 (-775, 17) 
Precipitation 15";" (5.1, 25) 301.3 (-896.6, 1499.3) 19.9"* (0.3, 39.5) 

Fixed effect 
Temperature -93 (-192,7) 7262*+" (1940,12584) -292 (-695,110) 
Precipitation 13"'" (2,251 -93 (-1374,1187) -5 (-20.3, 9.9) 

""Significant at the 5 percent level. 
"'"Significant at the 1 percent level. 
Note: Values are calculated at the mean climate of the sample using OLS coefficients from table 1 

and fixed effects coefficients from table S.5 in the supplemental appendix (available at http:// 
wber.oxfordjournals.org) for the median size farm of each type. Numbers in parentheses are 95 
percent confidence intervals. 

Source: Authors' analysis based on data described in the text. 
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TABLE 4. Comparison of Climate Elasticities: Ordinary Least Squares (OLS) and 
Country Fixed Effects 

Elasticity Dryland crop Irrigated crop Livestock 

OLS 

Temperature -1.9""" (-2.7, -1.1) 0.5 (-0.3, 1.2) -5.4 (-11.1, 0.3) 
Precipitation 0.4""" (0.1, 0.6) 0.1 (-0.2, 0.4) 0.8"" (0.0, 1.7) 

Fixed effect 
Temperature -0.7 (-1.5, 0.1) 1.1""' (0.3, 2.0) -4.2 (-10.0, 1.6) 
Precipitation 0.3""" (0.1, 0.6) -0.02 (-0.4, 0.3) -0.2 (-0.9, 0.4) 

""Significant at the 5 percent level. 
"""Significant at the 1 percent level. 
Note: Values are calculated at the mean climate and mean net revenue of the sample using OLS 

coefficients from table 1 and fixed effects coefficients from table S.5 in the supplemental appendix 
(available at http://wber.oxfordjournals.org) for each farm type. Numbers in parentheses are 95 
percent confidence intervals. 

Source: Authors' analysis based on data described in the text. 

Precipitation elasticities are much smaller than temperature elasticities. The 
precipitation elasticity is 0.1 for irrigated crops, 0.4 for dryland crops, and 0.8 
for livestock. Although many agronomic models focus on precipitation, these 
empirical results suggest that crops and livestock are more sensitive to tempera- 
ture than to precipitation. 

Warming may affect water flow as well. Flow has a significant effect on all 
three sources of farm income (see table 1). Higher flow increases the net revenue 
per hectare of irrigated land (the elasticity of net revenue with respect to water 
flow is 0.2 for irrigated land). However, flow is also likely to have a large effect 
on the amount of land available for irrigation. Reduced flow would limit the 
amount of farmland that could be converted from dryland to irrigated cropland. 
Flow has a negative effect on dryland and livestock net revenue even though 
dryland crops and to a large extent livestock do not use irrigation. In areas with 
good flow, farmers may use their best land for irrigation, leaving relatively poor 
lands for livestock and dryland crops. 

A country fixed effect analysis was also conducted, with a dummy variable 
introduced for each country. A country fixed effect model removes unmeasurable 
differences between countries due to omitted variables. Again, many of the indivi- 
dual climate coefficients are insignificant (detailed results are presented in table S.5 
in the supplemental appendix, available at  http://wber.oxfordjournals.org). 
This is partly because country fixed effects remove some of the intercountry 
climate variation that was part of the sample design. However, the country 
dummy variable may also be picking up hidden factors that vary by country. In 
the livestock regression the only significant country dummy variable is for 
South Africa. This could be due to the large profitable beef cattle farms in 
South Africa or to the climate that supports such farms. In the regression for 
irrigated crops, the only significant country dummy variable is for Kenya, which 
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has lower than average returns per hectare. It is not clear why irrigated 
farms would be less profitable in Kenya than in other countries. For the 
dryland crop revenue regression, Cameroon has above average returns per 
hectare, and Ethiopia, Kenya, and Zambia have below average returns. The 
pattern of the dryland country coefficients may reflect the benefits of ample 
water in Cameroon and little water in East Africa, or they may reflect a set 
of hidden factors. 

Tables 2 and 3 present the marginal results of the country fixed effects 
model along with the ordinary least squares (OLS) results already discussed. 
The marginal effect of temperature on dryland crops is -$95 per hectare, which 
is a much larger loss than the OLS regression predicts. The marginal effect of 
temperature on irrigated crops is positive but also much larger than the OLS 

regression predicts. Only the livestock results are not significantly different. 
The introduction of country fixed effects also changes the marginal effect, 
increasing the benefits to dryland farmers but eliminating the effects on irri- 
gated crops and livestock. In comparing the OLS with the fixed effects results, 
part of the more harmful effect of higher temperatures on dryland crops, the 
more beneficial effect of temperature on irrigated crops, and ithe more bene- 
ficial effect of higher precipitation on livestock may be due to unmeasured 
country level variables. When the fixed effects are introduced, these effects are 
moderated. 

Another concern in this analysis is that Egypt is a unique case because of its 
dependence on the Nile River. Farmers along the Nile can irrigate and produce 
two seasons of crops, leading to significantly higher earnings per hectare. 
Because Egypt is cooler and drier than most of the sample, this could bias the 
climate results. Dropping Egypt has no effect on the dryland analysis, because 
there are no dryland observations for Egypt, but a large impact on irrigation, 
because a great deal of the irrigated sample comes from Egypt (table S.4 in the 
supplemental appendix). 

Of the 1,253 observations of irrigation in the original analysis, only 531 are 
left when the observations for Egypt are dropped. Many of the coefficients in the 
new regression for irrigated crops are consequently insignificant (for example, 
water flow, elevation, and all the temperature coefficients). The precipitation 
coefficients remain significant, however. And although many observations 
remain in the livestock regression, many of the coefficients become insignificant 
except for the precipitation coefficients. Thus the observations for Egypt have a 
strong impact on the results for livestock and irrigated crops. 

To interpret how dropping the observations for Egypt has affected the 
climate results, we compared the marginal effects of the climate coefficients 
in table 5. Dropping Egypt makes the marginal impact of warmer tempera- 
tures on irrigated land harmful, but the change in impact is not statistically 
significant. Without Egypt, the marginal impact of precipitation on livestock 
increases, but the change is also not significant. However, the marginal effect of 



TABLE 5. Comparison of Marginal Impacts of Climate on Net Farm Revenue Per Farm with and Without Egypt 
(Dollars Per Farm) 

Irrigated crop Livestock 

Egypt included Egypt omitted Egypt included Egypt omitted 

Marginal impact of temperature 3005 (-2040, 8048) -3247 (-10769,4276) -379 (-775, 17.2) -642"" (-1,196, -89) 
Marginal impact of precipitation 301.3 (-896.6, 1499.3) - 1502""" (-2459, -545.6) 19.9"' (0.3, 39) 7.1 (-10.4, 24.5) 

""Significant at the 5 percent level. 
"'*Significant at the 1 percent level. 
Note: Effects are calculated at the mean climate of the sample using table 1 coefficients including Egypt and table S.4 coefficients in the supplemental 

appendix (available at http://wber.oxfordjournals.org) excluding Egypt. The mean farm size (in hectares) is assumed. Numbers in parentheses are 95% 
confidence intervals. 

Source: Authors' analysis based on data described in the text. 
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precipitation on irrigated land changes from $301 to -$I502 per farm, which is a 
significant change (the precipitation elasticity changes from +0.1 to -0.4). In Sub- 
Saharan Africa increased precipitation reduces the net revenues of irrigated farms. 
Irrigation is a better investment in drier locations. The data for Egypt, despite the 
country's low precipitation and high productivity, were hiding this effect. 

The marginal impact of temperature and precipitation on each country is also 
calculated (figures 4 and 5). This calculation differs from the previous analysis in 
that it uses the mean temperature and mean rainfall values for each country. The 
analysis reveals that the impacts of climate change differ across countries. Cooler 
countries such as Egypt, South Africa, Zambia, and Zimbabwe are likely to suffer 
livestock losses from warmer temperatures because of the loss of beef cattle (figure 
4). Irrigated crops in currently hot regions such as Ethiopia and West Africa will 
suffer with warming, whereas irrigated crops in the Nile Delta and Kenyan high- 
lands will gain. However, some effects are fairly universal. Dryland crops in all 
countries throughout Africa will be damaged by any warming. Figure 5 suggests 
that the marginal impact of precipitation is mostly beneficial, compared with that 
of warming, and that livestock and irrigated farms will mostly benefit from rising 
precipitation and lose from declining precipitation. 

IV. CONCLUSION A N D  POLICY IMPLICATIONS 

This study examined the net revenues of farmers in 11 African countries and 
provided quantitative confirmation of what scientists have long suspected. 
Although African dryland farmers have adapted to local conditions, net revenues 
would fall with more warming or drying. Dryland crop and livestock farmers are 
especially vulnerable, with temperature elasticities of -1.9 and -5.4, respectively. 
Irrigated cropland benefits slightly from marginal warming because irrigation 

FIGURE 4.. Marginal Impact of Temperature by Country 

I 

Source: Authors' analysis based on data described in the text. 



FIGURE 5 .  Marginal Impact of Precipitation by Country 

Source: Authors' analysis based on data described in the text. 

mutes climate impacts and because these farms are currently located in relatively 
cool places in Africa. 

With precipitation elasticities of 0.4 for dryland crops and 0.8 for livestock 
across Africa, net revenues for dryland crops and livestock will increase if 
precipitation increases with climate change and decrease if precipitation 
decreases with climate change. Net revenues for irrigated land will follow in 
the same direction but to a much smaller extent (elasticity of 0.1). Increases in 
precipitation will have an unambiguously beneficial effect on African farms on 
average, whereas decreases in precipitation will have a harmful effect. However, 
country effects and within-country effects can differ. 

The revenue effects for dryland crops, irrigated crops, and livestock are assessed 
independently. When the marginal temperature effects across all three sources of 
revenue are summed, increases in revenues on irrigated cropland at first offset 
losses for dryland crops and livestock. As temperatures continue to rise, however, 
the net effect on African farms becomes steadily more harmful. Total farm 
revenue decreases as precipitation falls but rises as precipitation increases. Climate 
scenarios that entail either significant warming or substantial drying will conse- 
quently be quite harmful. However, climate scenarios that entail only mild 
increases in temperature and more rainfall may actually be beneficial. The total 
impact on African agriculture will depend on the climate scenario. 

The analysis reveals that net farm revenue has a quadratic relationship with 
both temperature and precipitation. The marginal impact of climate change 
consequently will depend on each farm's initial temperature and precipitation. 
Farms that are located in hotter and drier areas are at greater risk because they 
are already in a precarious state for agriculture. Dryland farming throughout 
Sub-Saharan Africa is vulnerable to warming. Dryland farming in the East, 
West, and Sahel regions of Africa are especially at risk. In contrast, irrigated 
crops in places that are relatively cool now, such as the Nile delta and the 
highlands of Kenya, enjoy marginal gains from warming. Finally, drier locations 
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such as Egypt, Niger, and Senegal get big livestock gains from increased pre- 
cipitation relative to wetter locations in Africa. 

Because Sub-Saharan African economies as a whole depend more heavily on 
agriculture, total GDP and per capita income is also vulnerable. In contrast, 
n~na~ricul tura l  GDP in Northern Africa is more diversified, and so the economies 
of these countries are less vulnerable to  climate change. 

This study measures the marginal impact of climate change. It does not 
predict the future. Simulating likely future climate impacts is a large under- 
taking. First, one must examine the projections of several climate models to 
get a sense of the range of plausible climate scenarios. Second, one must project 
how agriculture is likely to  change in the future, both in technology and in land 
use. For example, the average dryland farmer currently earns $319 a hectare and 
the average irrigated land farmer earns $1,261 a hectare. The more technologi- 
cally advanced irrigated farms earn even more. The adoption of technology and 
capital is very important to the future of agriculture in Africa. Third, one must 
estimate by how much carbon fertilization is likely to increase crop productivity 
over time (Reilly and others 1996). These gains will reduce the magnitude of the 
damages in Africa, although it is not clear by how much. 

Will Africa survive climate change? The results of this study suggest that 
Africa will be hit hard by severe climate change scenarios. Some countries are 
more vulnerable than others, so it is important to focus on the countries that 
really need help. In fact, in several scenarios, many African farmers gain whereas 
others lose from climate change. This study also notes that African farmers 
already practice some forms of climate adaptation. Policymakers may want to 
pay special attention to these successful adaptation practices. For example, 
irrigation water (including related inputs) and livestock are already used in 
some areas to  alleviate climate hardships such as droughts and low levels of 
precipitation. 

One adaptation that has moved very slowly in Africa is technology adoption. 
Africa lags behind the rest of the world in adopting irrigation, capital, and high- 
yield varieties (Evenson and Gollin 2003). Some technologies may help farmers 
adapt to drier or hotter conditions, such as the development of new soybean 
varieties in Brazil. However, even climate-neutral technical advances will help 
farmers increase productivity and counterbalance losses from climate change. 
Through research and outreach, governments could encourage the development 
and use of varieties with more tolerance for the hot and dry conditions of many 
of Africa's agroclimatic zones. 

The quantitative results, especially the sizable differences between irrigated 
and dryland agriculture and livestock in Africa, suggest that promoting irriga- 
tion could help alleviate the likely effects of climate change in Africa. Where 
water is available, moving from dryland to irrigated agriculture would increase 
not only average net revenue per hectare but also the resilience of agriculture to 
climate change. Governments could make public investments in infrastructure 



and canals for water storage and conveyance, where appropriate and where the 
public good nature of these investments prevent adequate private sector 
investment. Investment in successful irrigation in Sub-Saharan Africa ranges 
between $3,600 and $5,700 a hectare in 2000 prices (Inocencio and others 
2005). This analysis suggests that the difference between dryland and irrigated 
agriculture runs between $150 and $5,000 a hectare, depending on the coun- 
try. This range of investment values implies that farmers in some countries 
could repay irrigation investments within a very reasonable period. Policy- 
makers may want to consider supporting such coping interventions for climate 
change, where appropriate. 

Finally, in addition to encouraging direct adaptations, both local and national 
governments and international organizations could invest in infrastructure and 
institutions to ensure a stable environment to enable agriculture to prosper. Such 
policy interventions may not only achieve the long-term goal of helping vulner- 
able populations adapt to climate change, but may also increase the likelihood of 
achieving the more immediate Millennium Development Goals, such as halving 
hunger, reducing poverty, and improving health. 
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Microenterprise Dynamics in Developing Countries: 
How Similar are They to Those in the Industrialized 

World? Evidence from Mexico 

Pablo Fajnzylber, William Maloney, and Gabriel Montes Rojas 

A rich panel data set from Mexico is used to study the patterns of entry, exit, and 
growth of microenterprises and to compare these with the findings of the mainstream 
theoretical and empirical work on firm dynamics. The Mexican self-employment sector 
is much larger than its counterpart in the United States, which is reflected in higher 
unconditional rates of entry into the sector. The evidence for Mexico points to the 
significant presence of well-performing salaried workers among the likely entrants into 
self-employment, as opposed to the higher incidence of poorer wageworkers among the 
entrants into the U.S. self-employment sector. Despite these differences, however, the 
patterns of entry, survival, and growth with respect to age, education, and many other 
covariates are very similar in Mexico and the United States. These strong similarities 
suggest that mainstream models of worker decisions and firm behavior are useful guides 
for policymaking for the developing-country microenterprise sector. Furthermore, they 
suggest that, as a first approximation, the developing-country microenterprise should 
probably be viewed as they are in the advanced countries as offering potentially 
desirable job opportunities to low-productivity workers. 

This article examines whether microenterprises in developing countries behave 
similarly to their industrial country counterparts or whether they represent a 
separate phylum altogether. In industrial countries, the last two decades have 
seen the emergence of a set of stylized facts about the personal and firm 
characteristics associated with entry into self-employment, the survival and 
growth of existing microenterprises, and theoretical frameworks to explain 
them. However, notwithstanding the increasing importance given to the 
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promotion of microenterprises and small enterprises in development policy 
circles, there has been no systematic attempt to see how their dynamics in 
developing countries approximate those described in the mainstream literature.' 

This represents a loss on two fronts. First, if behavioral differences are not so 
great, development policymakers have a wealth of analytical frameworks at their 
disposal for informing analytical work and policymaking on microenterprises. 
Second, a finding of kinship with industrial country counterparts would provide 
additional evidence on the debate on how to conceive of the role of the informal 
microenterprise in the developing world. In Organization for Economic Coop- 
eration and Development (OECD) countries, opening a business and being one's 
own boss is often celebrated as a desirable alternative to salaried work, whereas 
in the developing world, the very large unregulated (informal) self-employed 
sectors are frequently seen as the disadvantaged segment of a dual labor market 
where workers queue for good jobs. The two views have different implications 
for entry and firm dynamics. 

This article uses a unique data set for Mexico that permits linking detailed 
microenterprise survey data with rotating household panel data sets. These data 
offer a select number of firm and individual characteristics that allow compar- 
ison with findings in the OECD firm dynamics literature: firm characteristics 
such as size and time in business; individual traits of entrepreneurs such as age 
and education; and, more speculatively, detailed firm information such as that 
on capital stocks and access to credit. This permits the examination of patterns 
of entry and exit and determinants of performance and survival. Although 
comparisons with the canonical studies for industrial countries are necessarily 
imperfect, there is a surprising degree of similarity. 

The mainstream theoretical and empirical literatures have proceeded in tandem 
and offer both stylized facts and conceptual foundations that can be used in the 
analysis of the Mexican data. The brief review that follows serves mostly to 
motivate the variables included in the analysis and to provide benchmarks 

1. Only 6 of the 53 articles mentioned by Blanchflower (2004) in his self-employment literature 
review are on developing countries, and they focus mostly on the determinants of earnings. To our 
knowledge, the only previous evidence on the determinants of entry, exit, and growth of microenterprises 
in developing countries are the papers on Africa by Mead and Liedholm (1998), Liedholm and Mead 
(1999), Liedholm (2002), McPherson (1995, 1996), and Goedhuys and Sleuwaegen (2000). There have 
been other recent studies on firm dynamics in developing countries, but they have focused mostly on larger 
firms. Roberts and Tybout (1997), for instance, worked mainly with industrial surveys, which generally 
had limited coverage of microenterprises. Aw, Chung, and Roberts (2003) studied Korean and Taiwanese 
firms with more than 10 employees. Bartelsman, Haltiwanger, and Scarpetta (2004) looked at creative 
destruction in 24 industrial and developing countries. For most countries (including Mexico), their data 
cover all plants with at least one employee. However, at least in the case of Mexico, the survey is based on 
social security registers that, by definition, lead to the exclusion of most microenterprises found in the 
informal sector. 
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against which to compare the estimated Mexican parameters. Somewhat more 
tentatively, it highlights some contrasting predictions with the less-formalized 
dual labor market literature that permits distinguishing between two broad 
conceptions of the role of the sector. 

The dominant view of the role of self-employment in industrial countries 
stresses the risk-taking, entrepreneurial nature of the sector, with the celebrated 
Silicon Valley high-technology start-up at its apex. In the classic framework 
proposed by Lucas (1978), individuals are endowed with a given-and known- 
level of entrepreneurial or managerial ability, which determines the returns from 
self-employment. Individuals with a sufficiently high level of managerial ability 
become entrepreneurs, whereas the rest become wageworkers. Moreover, there 
is evidence that, other things equal, some individuals may derive a larger utility 
from entrepreneurship than from wage work, thus reducing the net opportunity 
cost of entering self-employment. Evidence on this has been provided by 
Blanchflower and Oswald (1998), who reported that the self-employed report 
higher levels of job and life satisfaction and that half of U.S., U.K., and German 
workers would prefer to be self-employed, and by Hamilton (2000), who finds 
that nonpecuniary benefits-such as being your own boss-explain the lower 
conditional earnings generally found in the sector. 

This view stands in contrast to the bulk of the developing-country literature 
that sees self-employment in the informal sector as a holding pattern for those 
rationed out of better jobs in the salaried sector, particularly young people.2 
Rather than the patterns of entry and exit and growth associated with entrepre- 
neurship dynamics, self-employment in developing countries is often viewed as 
disguised unemployment. There is some parallel with the industrial country 
sociological literature that sees the numerous self-employed among certain 
ethnic minorities as recruited from among "misfitsm-individuals who lack 
access to salaried employment, for instance, because of language barriers, a 
history of unemployment, or limited labor market experience (see Evans and 
Leighton 1989; Carrasco 1999 and the references they cite). However, an emer- 
ging view with roots in Hart's (1972, 1973) early work on Ghana and Kenya 
stresses the mounting evidence of entrepreneurial dynamism, voluntary entry, 
and relative job satisfaction (De Soto 1989; Maloney 1999,2004; Bhattacharaya 
2002). 

2. The dualistic view has intellectual roots perhaps best distilled in Harris and Todaro's (1970) vision 
of a market segmented by wage setting in the formal sector that leaves the traditional sector rationed out 
of modern salaried employment. The view of informal urban workers as the inferior or excluded segment 
became influential in the International Labour Organization and its Latin America affiliate, the Latin 
America Regional Employment Program (PREALC). See, for instance, Tokman (1978). Generally, this 
view partitions urban employment into a modern or formal sector (characterized by high productivity 
growth and job benefits) and a traditional or informal sector. These models typically view the informal 
sector as essentially stagnant and unproductive, serving as a refuge for the urban unemployed and as a 
receiving station for newly arriving rural migrants. However, sociological research on Mexico stresses the 
higher status and desirability of the sector (Balin, Browning, and Jelin 1973; Maloney 1999). 



Clearly, as in industrial countries, the sector is very heterogeneous. Fields 
(1990) noted the presence of "upper" and "lower" tiers among the informal 
firms, and .Cunningham and Maloney (2001), using the same data employed 
here, identified several distinct subsectors that differ greatly by, among other 
characteristics, productivity, demographics, and reason for entry. Fully cogni- 
zant, therefore, of the need for nuance in approaching the analysis, what this 
article seeks to establish is whether, as a first approximation, the sector more 
closely approximates the mainstream view or whether, in fact, it appears as a 
pathological outcome of regulatory distortions requiring entirely different ana- 
lytical tools. 

Growth and Failure 

The literature commonly finds that self-employment is extraordinarily risky, and 
several mainstream articles on industry dynamics have attempted to provide 
conceptual support for the observed patterns of microenterprise mortality. 
Jovanovic (1982) added dynamics to Lucas's view by further assuming that 
managerial ability is uncertain and that individuals can only gradually learn 
about a firm's true cost structure by opening and operating a business. Entry into 
self-employment involves a fixed cost, which only those with high expected 
ability and profits may be willing to pay. 

After entry, entrepreneurs incorporate the information from their actual 
profits, revise their ability estimates, and adjust the level of profit-maximizing 
output accordingly. Firms with consistently lower-than-expected profits tend to 
contract and eventually go out of business, whereas firms with unexpectedly 
high profits cause entrepreneurs to revise their ability estimates upward and 
expand. Over time, survivors obtain more precise ability estimates and approach 
their steady-state size. Their behavior becomes less volatile: they fail less fre- 
quently, but they also expand less rapidly. Empirical evidence favoring these 
basic predictions on the negative links between time in business and size, on one 
hand, and firm exit and growth, on the other, was obtained for the United States 
by Evans (1987a, 1987b) and Dunne, Roberts, and Samuelson (1988,1989); for 
Germany by Wagner (1994); and for the United Kingdom by Geroski (1991). 

Other dynamic models also generate these patterns, although with different 
analytical structures. Ericson and Pakes (1989,1995) proposed a model of active 
exploration-as opposed to the passive learning assumption in Jovanovic's 
(1982) model-that incorporates firm-specific sources of uncertainty derived 
from stochastic outcomes of investments made by firms to improve their profit- 
ability. Favorable outcomes from the firms' own investments-including those 
that led to entry into the industry-tend to move them toward "better" states, 
whereas good outcomes of direct competitors move them to less profitable 
states3 In this context, profits and, somewhat in contradiction to the Jovanovic 

3. As in Jovanovic's (1982) model, entry, exit, and investment decisions are made to maximize the 
expected discounted value of future net cash flows conditional on the current information set. 
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model, higher capital stocks should decrease the probability of failure and be 
positively related to firm growth, all else being equal. 

Entry 

HopenhaynYs (1992) model of industry dynamics also generates broadly similar 
implications to Jovanovic's (1982) model and is especially notable for its analy- 
sis of the effect of changes in the cost of entry, which could be interpreted as an 
outside opportunity cost for some resources (for example, managerial ability) 
used by the firm. Higher costs of entry lead to a lower turnover rate because 
more ex ante selection occurs. This could be particularly relevant in developing- 
country contexts characterized by higher levels of informality and lower pro- 
ductivity in the salaried sector, which in Hopenhayn's model would lead to a 
lower entrepreneurial ability threshold for entering self-employment and thus to 
higher entry and exit rates. 

Offsetting this effect, however, may be other constraints to entry that may be 
exacerbated in the developing world, and this provides another contrasting 
prediction that enables distinguishing between different visions of the sector. 
Johnson (1978) and Jovanovic (1979) postulated that young people are likely to 
be less risk-averse and hence should be overrepresented among those entering 
self-employment, a pattern that would be observationally equivalent to the 
standard queuing view of developing-country labor markets. Young people 
rationed out of formal labor would tend to enter informal self-employed work. 
However, the reverse pattern is found in the United States: entry increases with 
age. As an explanation, Evans and Jovanovic (1989) offered a variation of 
Lucas's (1978) model in which binding liquidity constraints may lead individuals 
to delay or forgo profitable business opportunities, reducing entry rates and 
increasing exit rates among those with low personal assets-disproportionately 
the young. Offering something of a contrasting prediction to that of Ericson and 
Pakes (1989, 1995), they argue that because credit-constrained individuals are 
more likely to start small businesses with a suboptimal amount of capital, 
returns to capital will be higher, and smaller firms (with lower capital stocks) 
will grow faster than firms that entered closer to their steady state. 

Either model of credit constraints to voluntary entry is largely inconsistent with 
the dualistic view of self-employment as an easy entry-holding pattern in several 
ways. Both the view of the self-employed as misfits and the dualistic view of 
informal labor markets would predict lower entry rates into self-employment 
coming from salaried work than from unemployment or from out of the labor 
market. However, the opposite prediction could be derived from the Evans and 
Jovanovic's (1989) view if individuals acquire more capital and knowledge of 
business opportunities-and to some extent their own managerial ability-while 
working than while unemployed or out of the labor market. In particular, if formal 
schooling is relatively poor and most relative human capital is accumulated on the 
job, salaried employment may be a logical stepping-stone to self-employment. 
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Furthermore, the impact of the level of remuneration in previous jobs also 
potentially offers some insights that may help distinguish mainstream and dua- 
listic models. All things equal, workers earning higher wages in salaried work 
would be less likely to be misfits, or unsuited to formal work, and so less prone 
to move into self-employment. However, in the presence of credit constraints, 
workers earning higher wages in the salaried sector may also be able to accu- 
mulate capital faster and so be more likely to enter self-employment. Moreover, 
there may be a correlation between previous productivity in the salaried sector, 
and thus level of remuneration, and entrepreneurial ability or at least compe- 
tence in the chosen field of entrepreneurship. To the degree that this would imply 
a higher probability of success in self-employment, people with conditionally 
higher earnings in the formal sector might be expected to enter self-employment, 
whereas people with less skills may choose not to take the risks. 

In sum, the impact of personal characteristics of existing and would-be 
entrepreneurs can help distinguish between the two views of the sector. In the 
segmented labor market scenario, unemployed individuals, young workers, 
those out of the labor force, and those with less schooling and lower wages 
should all be more likely to be self-employed, as they would be worse positioned 
for finding formal salaried jobs. In contrast, the mainstream literature suggests 
that older, better-educated, and well-paid workers with experience in the 
salaried sector should have a higher probability of entering, staying in, and 
growing in the self-employment sector as they should be more likely to have 
accumulated the assets required to start a business and be better positioned to 
find, assess, and take advantage of good business opportunities. 

Finally, two additional covariates appear in the mainstream literature but 
yield ambiguous predictions. First, workers with more schooling might be 
expected to find better matches as salaried workers in larger firms that could 
better use specialized skills. By contrast, Rees and Shah (1986) and Cressy 
(1996) argued that the costs of assessing business opportunities may be lower 
for more educated individuals and that human capital may be a complement to 
managerial ability. This is suggested by Bates (1999), who showed that in the 
United States, the   rob ability of survival of small businesses is positively related 
to the level of education of their owners. 

Second, Carrasco (1999) argued that men who are married could be less 
willing to take risks. By contrast, Mexican sociologist Gonzilez de la Rocha 
(1994) suggests that the possibility of combining the self-employment earnings 
of the household head or spouse with the salaries of other family members could 
reduce overall household income risk. 

The analysis employs two data sets provided by the Mexican Statistical Institute 
(INEGI). The first is the National Urban Employment Survey [Encuesta Nacional 
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de Empleo Urbano (ENEU)], which follows workers across a five-quarter period 
in a rotating   an el framework. This survey records age, gender, education, marital 
status, labor market status, earnings, and some general characteristics of the jobs 
held by economically active individuals, such as firm size. The first and fifth 
interviews of individuals covered in this survey between 1987 and 2001 are linked 
to construct a two-period panel data set that permits analysis of entry, survival, 
and growth in the self-employment sector. The labor market status of the surveyed 
individuals is established based on the characteristics of their main job during the 
week preceding the survey. Individuals who report that in their main job they were 
either "employers" (patrones) or "own-account workers" (trabajador por su 
cuenta) are defined as self-employed.4 

The second data source is the National Survey of Microenterprises [Encuesta 
Nacional de Micronegocios (ENAMIN)], which in 1992, 1994,1996, and 1998 
reinterviewed a sample of the self-employed individuals covered in previous 
rounds of the ENEU. These surveys ask detailed questions on the characteristics 
of firms with up to five employees (15 in manufacturing), including information 
on capital stock, time in business, and access to credit from formal and informal 
sources, both for starting the business and at a later time. To study the effects of 
these characteristics on the survival and growth of microenterprises, we linked 
the ENAMIN sample with the panel data set constructed from the ENEU data. 

To study the determinants of entry into self-employment, we first constructed 
a random sample of 30 percent of all men aged 15-65 years covered in the 
longitudinal data set constructed from the ENEU.' Analysis is restricted to the 
behavior of self-employed men and male-headed microenterprises, which repre- 
sent, respectively, 65 percent of Mexican self-employed and 70 percent of the 
microenterprises surveyed by ENAMIN. This sample encompasses individuals 
who are out of the labor force, unemployed, or working. The working group 
includes both salaried and contract workers, as well as individuals working 
without pay on cooperatives and in other unspecified jobs. The subsample of 
salaried individuals is also used to investigate the role of conditional wages and 
firm size. 

In the same vein as Evans and Leighton (1989), these data are used to estimate 
a probit model of the determinants of entry into self-employment, looking in 
particular at the role of the age of potential entrepreneurs, their education levels, 

4. In a nutshell, the self-employed category includes all individuals whose main job consists of working 
in their own businesses. This is similar to the standard definition used in the U.S. self-employment literature. 
Evans and Leighton (1989), for instance, define as self-employed all sole proprietors, partners, and sole 
owners of incorporated businesses. ENEU provides information on whether individuals have a second job 
but provides no income information for that job. Thus, it is not possible to calculate the fraction of total 
income derived from self-employment, which is why the self-employed are distinguished from other 
individuals based only on whether self-employment is the primary job and not on a particular cutoff for 
the ratio of self-employment to wage income, because that information is not available. 

5. Preliminary explorations suggest some differences in the dynamics of female-headed microenter- 
prises, but these are not examined in this article. 



previous labor market positions, and conditional wages. As argued above, many 
of these personal characteristics have a priori ambiguous effects on the like- 
lihood of entering and succeeding in the self-employment sector, and there is 
little evidence on the signs of these effects in a developing-country context. The 
estimated model is of the form: 

otherwise 

where SE takes the value 1 if individual i becomes self-employed between the 
initial and the final ENEU interview and 0 otherwise, Age is a vector of 
categorical variables for various age ranges, Educ is a set of dummy variables 
that represent individuals' levels of schooling, Married is a dummy variable 
for married individuals, and Labor represents a vector of variables that 
describe individuals' labor market status, including whether they are out of 
the labor force, unemployed, or working. The vector Labor also describes 
whether inactive individuals are studying or not; whether the unemployed 
have been in that status for one, two, or more quarters; and whether those 
who are working are doing so for a salary, as contract workers, as workers 
without pay, or in some other modality (for example, through cooperatives). 
When the estimation is performed using only the sample of salaried workers, 
the variables Empsize and Wage are added to represent the size of the firm for 
which they worked at the time of the initial ENEU interview and their monthly 
salary in that firm. All specifications include sector dummy variables (for 
those who are employed), as well as state and year dummy variables, and a 
random error term.6 

A maximum likelihood two-stage probit model with selection correction is 
also estimated for the determinants of entering self-employment conditional on 
an individual having left an initial labor market position. This approach is 
motivated by the fact that some personal characteristics may have a different 
effect on the probability of an individual changing labor market positions and 
entering self-employment conditional on having changed positions. Thus, for 
instance, unemployed workers could have a larger nonconditional probability of 
entering self-employment than their salaried counterparts, but it could be driven 
by the larger turnover rate among unemployed individuals and not by a larger 
conditional probability of entering self-employment-only 12 percent of 
the unemployed remain in that status after one year compared with almost 
68 percent for salaried workers. Thus, this second estimation approach has the 
purpose of testing the robustness of the probit results with respect to the critique 
that they could be driven by the larger turnover of disadvantaged workers. 

6. A more detailed description of the variables used in the article is in the Appendix. 
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Incidentally, this critique could also apply to Evans and Leighton's (1989, p. 58) 
probit result that individuals "who have changed jobs frequently" have a higher 
likelihood of entering self-employment.7 

The first stage estimates the probability of changing labor market status 
between the initial and the final survey interview. The second stage, for indivi- 
duals who did change labor market status, estimates the probability of entering 
self-employment while controlling for possible correlation between the error 
terms of the first- and second-stage models. The right-side variables are the 
same as those in equation (I), for both the first- and the second-stage equations, 
but added to the first-stage selection equation to identify the model is a dummy 
variable for individuals who have migrated to different municipalities or states; 
indicator variables for the second, third, and fourth quarters of each year; and 
dummy variables for the 99 industry groups in the Mexican classification of 
economic acti~it ies.~ 

Two data sets are used to explore the personal and firm characteristics 
associated with survival and growth of employment in the self-employment 
sector: the first comprises all self-employed individuals covered in the ENEU 
data set and the second a sample restricted to those in the linked ENEU- 
ENAMIN data set. While smaller, the second sample has the advantage of 
providing information not only on age, educational attainment, marital status, 
earnings, and firm size but also on capital stocks, access to credit, and time in 
business. When ENAMIN data are used to estimate the impact of these variables 
on survival and growth in self-employment, firms for which unpaid workers 
represent more than 50 percent of total employment are excluded. 

A probit model is used to estimate the determinants of staying in self-employment, 
and a simple ordinary least squares estimator is used to study the correlates of 
microenterprise growth. The estimated model in the case of firm survival is of the 
following form: 

Survivali = 1 if Agei + P2 Educi + P3 Marriedi + P4 Earningsi 
+ Ps Size; + P6 Timei + P7 Capttali + P8 Crediti + P9 Sectori 

( 2 )  + Plo Statei + Pll Year; + ~i 

> 0 

Survivali = 0 otherwise 

where Survival takes the value 1 if individual i remains self-employed between the 
initial and the final ENEU interviews and 0 otherwise, Earnings represents the net 

7. It must be noted, however, that the robustness check does not correct for the lack of information on 
the turnover of salaried workers within the salaried sector. Thus, as pointed out by one referee, in the 
sample of workers who changed labor market position, the salaried sector is excluded from the possible 
end-points of workers that begin in that sector, whereas it remains an important potential destination- 
relative to self-employment-for other types of workers, such as the unemployed. 

8. Changes in labor market position are found to be more likely for individuals with a migration 
history and in the third and fourth quarters of the year. 



monthly income from self-employment, Size is a set of dummy variables that 
represent the employment size of the corresponding microenterprise, Time is the 
number of years during which it has been in business, Capital is the value of the 
firm's capital stock, and Credit is a vector of variables representing whether the 
firm received credit from formal or informal sources, either when starting up or 
later. The variables Age, Educ, and Married are defined as before and so are the 
sector, state, and year dummy variables, which are included in all specifications. 

A very similar model, with the same explanatory variables, is estimated for 
employment growth: 

where Growth is the rate of employment growth of the firm owned by the self- 
employed individual i. This equation was also estimated simultaneously with a 
first-stage model of selection into the sample of microenterprises that remain in 
business over the one-year period during which firm growth is being measured. 
These results are not reported as they are virtually identical to those obtained by 
the simpler method described above.9 

Figure 1 shows the size of the self-employed sector in Mexico relative to that in 
other developing and advanced countries. What is immediately apparent is that 
Mexico has a large share of its work force in self-employment, although it is not 
particularly larger than would be predicted for a country of its level of develop- 
ment.'' Although it may be that high levels of labor market distortion or poor 
regulation are correlated with underdevelopment and give rise to the large sector 
size, for several reasons, it seems more likely that it is the lower opportunity cost 
of entering a desirable sector, self-employment, that drives it. 

First, Blau (1987) argues that this negative correlation of self-employment 
with development appears clearly in the United States over the century preceding 
the 1970s as well as in France, the Federal Republic of Germany, Italy, and 
Japan because of the emergence of economies of scale and specialization of labor 
possible only in relatively large enterprises. Consistent with this view and 
Maloney's (2004) estimates based on figure 1, relative total factor productivity 

9. Models were also estimated that control for possible attrition biases associated with the fact that 
not all the individuals could be linked across the ENEU surveys. Once again, this correction leads to 
virtually no changes in estimation results. 

10. Some care is in order in interpreting figure 1. First, it is drawn from surveys of differing degrees of 
coverage of rural and urban areas. Among surveys that were only urban were those in Argentina, Bolivia, 
Colombia, Mexico, Paraguay, and Uruguay or roughly half of the Latin American and Caribbean data set. 
The data from the OECD are economy-wide, but the share of the work force in rural areas is quite small. 
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F I C U R E  1. Self-Employment and Industrial Productivity 
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Source: Authors' calculations using household surveys from the mid-1990s and World Bank 
Institute data. 

emerges as statistically important, explaining the long-term secular decline as 
well as the rise in self-employment after the mid-1970s. 

Second, although Blanchflower (2004) documents that self-employment is 
risky and stressful, as noted earlier, Blanchflower and Oswald (1998) also note 
that 63 percent of salaried workers in the United States, 48 percent in the United 
Kingdom, and 49 percent in Germany report that they would prefer to be self- 
employed, a fraction similar to the more than 60 percent of Mexican entrants to 
self-employment who report doing so voluntarily (see Maloney 1999). Further- 
more, Blanchflower (2004) reiterates the robust finding that those who enter 
self-employment report higher levels of job satisfaction than employees. The fact 
that industrial country workers do not actually pursue their desire to become 
self-employed may reflect, again, the higher opportunity cost of doing so. 

Finally, and consistent with the documented heterogeneity of the microenter- 
prise sector, there is clearly room for segmenting labor market distortions or 
other regulatory distortions to drive sector size as well, although it is not yet 
clear how large a role these play. As a crude first pass, the celebrated difference 
in social models in France and the United States leads to no difference in the 
share of the work forces in self-employment in the two countries. That said, 



Blau (1987) does find rising marginal income tax rates, along with rising total 
factor productivity in self-employment, to drive the U.S. increase in male self- 
employment, from 10 to 13 percent across the decade of the 1970s. Antunes and 
Centeno (2005) find that higher labor flexibility in the OECD countries decreases 
the probability of entry into self-employment, although they do not offer an 
impact on sector size. Maloney (2001), explaining the variance in figure 1, and 
Loayza, Oviedo, and Serven (2005), explaining cross-country variance in levels of 
informality more generally, find statistically significant impacts of labor regula- 
tion, but the level of development plays a much larger explanatory role.'' 

Table 1 succinctly summarizes the structure and dynamics of the Mexican 
labor market. In addition to summarizing the breakdown of self-employment by 
the number of workers of the corresponding firms, Table 1 describes the com- 
position of the Mexican labor force by employment status (e.g. self-employment, 
salaried work, and unemployment). The table includes a separate category for 
the aggregate of self-employed individuals (regardless of firm size). The lower 
panel shows the probabilities of transitioning across different labor market 
statuses. Rows represent individuals' initial labor market positions and columns 
their labor market statuses one year later. Each cell shows the percentage of 
individuals who start in a given row category and end in the corresponding 
column category. 

If the united States is taken as a benchmark, the rates of entry and exit into 
self-employment in Mexico are of very similar orders of magnitude. Mexican 
entrepreneurs are slightly more likely to return to wage work-at a rate of 
15 percent compared with 13.8 percent reported by Evans and Leighton 
(1989) for the United States. A slightly higher fraction of Mexican wageworkers 
enter self-employment: 6.2 percent compared with 4 percent a year found by 
Evans and Leighton, and perhaps this leads to a poorer selection of entrepre- 
neurs at the margin, as Hopenhayn (1992) suggests. Note, however, that because 
in the steady state, workers exiting self-employment must be replaced each year 
by the same number of new entrants, the higher rate of entry into self-employ- 
ment from the wage sector that is found in Mexico is partly because of the 
relatively smaller size of the wage sector there. 

Table 1 also summarizes that many microentrepreneurs originate and move to 
labor market positions other than salaried work. Thus, for instance, 12.4 percent 
of contract workers enter self-employment in a given year-twice the fraction of 
their salaried counterparts-and so do 11 percent of the unemployed. Moreover, 
although 15 percent of the self-employed move to salaried work during a given 
year, the same number of individuals migrates to other labor market positions- 
to contract work (6.2 percent) and out of the labor force (5.7 percent). As for 
microenterprise growth, table 1 reveals that very few microenterprises are able 
to expand their employment, at least over one-year periods. As an example, only 

11. Antunes and Centeno (2005) also find regulation issues affecting the transition into and out of 
self-employment in OECD countries but do not follow through on the implications for sector size. 



TABLE 1. Structure and Dynamics of the Mexican Labor Market (percent) 

10 or Salaried Out of 
Own 1 4  5-9 More Total Plus Other Labor 

Account Workers Workers Workers Entrepreneurs Salarieda Contracta Contracta Unemployment Work Force Total 

Share of population 
Share of labor force 

Own account 
1 4  workers 
5-9 workers 

P 10 or more workers 
0 
c Total entrepreneurs 

Salaried 
Contract 
Salaried plus contract 
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"Because of the potential similarities between salaried and contract workers, these categories are included separately and as a combined category. 
Source: Authors' analysis based on pooled Encuesta Nacional de Empleo Urbano (ENEU) 1987-2001 data. 
The entries that are in bold in Table 1 correspond to the diagonal of the lower panel: the numbers are the percentage of workers that remain in the same 

labor market status between the initial and final period. 



13.1 percent of microentrepreneurs with five to nine employees exhibit any 
expansion (to having at least 10 workers), 22.6 percent remain in the same 
size range, and 42.9 percent report a reduction in the number of employees. 
Own-account workers have similar rates of expansion, offset by a substantial 
decrease in employment among firms with one to four workers. 

Figures 2 and 3 show respectively for Mexico and the United States, by age 
group, the fraction of the labor force in self-employment, the rate of entry from 
salaried work into self-employment, and the rate of exit from self-employment. 
Broadly consistent with figure 1, the self-employment rate in Mexico is at least 
twice as high as in the United States in every age group. The overall age patterns 
of self-employment rates as well as those of entry and exit are strikingly similar 
in the two countries. As a foreshadowing of the more detailed exercises below, 
the common upward and downward sloping relationships of age with rates of 
entry and exit are consistent with the view that older entrepreneurs get a more 
precise view of their underlying entrepreneurial capacity and are more likely to 
enter and less likely to fail than younger individuals. 

Patterns of Entry 

Table 2 presents the results of a more systematic examination of patterns of 
entry into self-employment. Columns 1-3 report probit estimates of a model of 

FIGURE 2. Patterns of Entry and Exit into Self-Employment in Urban Mexico 

1- Entry rate -Exit rate ----Self-employment rate 

Source: Authors' calculations using Encuesta Nacional de Empleo Urbano (ENEU) data. 
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FIGURE 3 .  Patterns of Entry and Exit into Self-Employment in the United States 

I - Entry rate -Exit rate ---- Self-employment rate I 

Source: Evans and Leighton (1989). 

the determinants of becoming self-employed over a one-year period, as measured 
in the final ENEU interview. It uses a sample that excludes all individuals who 
were self-employed in the initial ENEU interview and includes both active- 
although not self-employed-and out of the labor force individuals. Columns 
4-6 report probit estimates of a similar entry model by using a restricted 
sample of individuals who were salaried workers at the time of the first 
ENEU interview. While the reported results are obtained without differentiat- 
ing those who enter self-employment with or without employees, similar 
models were also estimated that define entry more restrictively as the act of 
becoming self-employed with at least one employee. With a few exceptions 
(discussed below) the results are substantially similar to those obtained with 
the broader definition of self-employment. 

Columns 1 and 4 present standard probit estimates of the effects of personal 
characteristics on the probability of entering self-employment for the wider 
sample of all non-self-employed individuals and for the sample of salaried work- 
ers. Rather than probit coefficients, the two columns report marginal changes in 
the probability of entering self-employment resulting from discrete changes in 
the independent dummy variables and from infinitesimal changes in the only 



TABLE 2. Determinants of Entry into Self-Employment 

Entry (1) EntryIMoving (2) Moving (3) Entry (4) EntryIMoving (5) Moving (6) 

Ages 21-35 years 0.057'" (0.000) 0.660*"* (0.000) -0.068** * (0.000) 0.044"" (0.000) 0.415""" (0.000) -0.130"' (0.000) 
Ages 36-50 years 0.090*** (0.000) 0.910*** (0.000) -0.044** (0.012) 0.070*** (0.000) 0.551"* (0.000) -0.030 (0.200) 
Ages 51-65 years 0.083*** (0.000) 0.753"'" (0.000) -0.049** (0.017) 0.076"" (0.000) 0.446"'* (0.000) 0.142*** (0.000) 
Schooling, 6-12 years -0.016*** (0.000) -0.092*** (0.000) -0.044**' (0.000) -0.007**" (0.001) -0.060*** (0.009) 0.008 (0.608) 
Schooling, 13 plus years -0.012*** (0.000) 0.020 (0.455) 0.022 (0.145) 0.002 (0.471) 0.066" (0.038) 0.127"" (0.000) 
Married 0.010*** (0.000) 0.413"" (0.000) -0.228"*" (0.000) 0.014""' (0.000) 0.223**" (0.000) -0.189*** (0.000) 
Out of labor force, not studying 0.075'*' (0.000) -0.061 (0.283) 1.139"'" (0.000) 
Out of labor force, studying 0.006" (0.099) -0.307"" (0.000) 0.643""' (0.000) 
Unemployed 0.092*"* (0.000) -0.749*** (0.000) 2.223'"' (0.000) 
Unemployed for 4 6  months 0.023** (0.023) 0.183"" (0.039) 0.071 (0.391) 

P Unemployed for 7 plus months 0.012 (0.170) 0.115 (0.149) -0.050 (0.471) 
52 Contract worker 0.055*** (0.000) -0.505*** (0.000) 0.939*** (0.000) 

Nonpaid worker 0.098*** (0.000) -0.341'" (0.000) 1.129"'" (0.000) 
Other worker 0.072"" (0.000) -0.345'"' (0.000) 0.908*** (0.000) 
Employer size, 11-50 workers -0.033*** (0.000) -0.394" **  (0.000) -0.281 * * *  (0.000) 
Employer size, 51-250 workers -0.042"" (0.000) -0.578* * *  (0.000) -0.357** * (0.000) 
Employer size, 251 plus workers -0.081*** (0.000) -0.721*** (0.000) -0.517*** 
Salaried wage (log) 0.007"'" (0.000) 0.076**" (0.000) -0.071*** (0.000) 
Commerce 0.034*** (0.000) 0.173**' (0.000) 0.272**" (0.000) 0.001 (0.749) 0.035 (0.228) 5.721"" (0.000) 
Agriculture 0.038'"' (0.000) 0.229"' (0.001) 0.176 (0.179) 0.021"" (0.002) 0.284**" (0.000) 4.6215** (0.000) 
Construction 0.126'"' (0.000) 0.538"" (0.000) 0.396*** (0.000) 0.075*** (0.000) 0.563"' (0.000) 6.036*"" (0.000) 
Services 0.025*** (0.000) 0.144**" (0.000) 0.302*** (0.000) 0.008'"" (0.000) 0.085"' (0.001) 5.838"' (0.000) 
Government -0.005 (0.204) 0.254"'" (0.000) -0.031 (0.781) 0.020"" (0.000) 0.229"" (0.000) 5.632"** (0.000) 

(Continued) 



TABLE 2 .  Continued 

Entry (1) EntryIMoving (2) Moving (3) Entry (4) EntryIMoving ( 5 )  Moving (6) 

Log-likelihood -24,257 -67,235 -13,348 -33,896 
Pseudo R-squared 0.081 0.096 
Rho statistic -0.198"" 0.883""* 
Number of observations 104,411 104,411 104,411 61,418 61,418 61,418 

"Significant at the 10 percent level. 
""Significant at the 5 percent level. 
"""Significant at the 1 percent level. 
Note: Numbers in parenthesis are p-values. Columns 1-3: 30 percent random sample of all non-self-employed individuals in their initial ENEU interview. 

Columns 4-6: 30 percent random sample of all salaried workers in their first Encuesta Nacional de Empleo Urbano (ENEU) interview. Columns 1-4: probit 
estimates; the marginal change in the probability of entering self-employment is reported (discrete change for dummy variables). Columns 2 and 3 and 5 and 
6: maximum likelihood two-stage probit models with a selection correction; coefficient estimates are reported. 

Source: Authors' analysis based on data described in the text. 



continuous explanatory variable (Wage). Columns 2 and 5 report the results of 
probit models estimated for restricted versions of the samples of all non-self- 
employed and all salaried workers, keeping only individuals who changed labor 
market status between the first and second EIVEU interviews. These equations 
are estimated simultaneously with first-stage probit models of the determinants 
of changing labor market status between the two interviews, for which results 
are reported in columns 3-6. (Columns 2, 3, 5, and 6 report coefficient esti- 
mates.) 

A clear age pattern emerges across specifications and samples reflecting the 
rising likelihood of entry until the 36-50 age bracket. Thus, keeping other personal 
characteristics constant and comparing with individuals aged 15-20 years 
(for which the rate of entry into self-employment is 2.4 percent; not shown in the 
table), the probability of entering self-employment is 5.7 percentage points higher 
for those aged 21-35 years and 9 percentage points higher for those aged 36-50 
years. Although the corresponding increases in the probability of entering self- 
employment are slightly smaller in the sample of salaried workers (column 4), 
the findings are not consistent with the view of the sector as a point of entry 
into the labor market. They are, however, consistent with the U.S. data, Evans 
and Jovanovic's (1989) liquidity constraints hypothesis, and the view that 
older workers have a more precise measure of their underlying entrepreneurial 
capacity. 

Educational attainment has a negative, if quantitatively small, effect on the 
probability of entering self-employment. Thus, while the average worker with at 
most some primary education has a 10.3 percent probability of entering self- 
employment, similar workers with some secondary education have 1.6 percentage 
points lower entry probability and those with some tertiary education a 1.2 
percentage points lower probability (table 2, column 1). However, when restrict- 
ing the sample to salaried workers (column 4) or conditioning on changing labor 
market status (columns 2 and 5), the negative relationship between education and 
entry into self-employment levels off and breaks up at higher levels of schooling, 
suggesting that college graduates may find the sector attractive. Moreover, when 
the definition of self-employment is restricted to business owners who employ at 
least one worker, both secondary and tertiary schooling are positively linked to 
entry into self-employment. This result is broadly consistent with Evans and 
Leighton (1989), Carrasco (1999), and Rees and Shah (1986), who found that 
entry rises monotonically with education. 

Also consistent with Rees and Shah (1986) and Carrasco (1999) is the finding 
that being married is positively associated with entry, which may reflect either 
that the sector is not riskier than alternatives available in the labor market 
(salaried employment) or that being married helps diversify risk. Quantitatively, 
marriage has the effect of increasing by 1 percentage point the probability of 
entry into self-employment, which is 4.5 percent on average for nonmarried 
individuals. Because, as columns 3 and 6 suggest, married men are less likely to 
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change their initial labor market status, the effect of marital status is much 
stronger-about four times as large-for conditional estimates. 

The importance of conditioning on changes in labor market positions 
becomes most clear in looking at the impact of initial employment and labor 
force participation status. The unconditional results suggest that individuals out 
of the labor force and not studying and those unemployed are more likely to 
enter self-employment, consistent with traditional dualistic views of the sector as 
disguised unemployment. Thus, while the rate of entry is 6.2 percent for the 
average salaried worker, the probability of entry increases for individuals who 
have been unemployed, for nonpaid workers, for those who are out of the labor 
force and not studying, for contract workers, and for other types of workers 
(table 2, column 1). 

However, as column 3 shows, these are also labor market positions with 
very high rates of turnover; so, workers may well be more likely to move to 
all sectors at disproportionately high rates. After conditioning on changing 
labor market status, unemployed and nonsalaried workers (contract or non- 
paid workers) are less likely to enter self-employment than those in formal 
salaried employment. Put differently, given that a worker will change an 
initial labor market position, those in formal salaried employment are more 
likely than most other groups to enter informal self-employment. It is worth 
noting, however, that among the unemployed, workers with longer unem- 
ployment spells-especially those who have been unemployed for four to six 
months-have higher conditional and unconditional probabilities of entering 
self-employment. This suggests that, even if the sector does not function 
predominantly as a holding pattern for misfits or those rationed out of 
salaried work, it does offer income opportunities for the long-term unem- 
ployed. Nonetheless, those opportunities appear to be associated with open- 
ing businesses that are owner-only, as estimates of the probability of opening 
microenterprises with at least one worker show nonsignificant effects for the 
duration of unemployment.12 

The final three columns of table 2 present estimates for the sample of salaried 
workers and suggest two perhaps contradictory effects of firm size and earnings. 
While salaried workers employed in firms with at most 10 employees have a 
12.8 percent probability of entering self-employment, that probability 
diminishes by between 3.3 and 4.2 percentage points for those coming from 
firms with 11-250 workers and by 8.1 percentage points for those previously 
employed in firms with more than 250 employees. This finding may be because 
of nonpecuniary benefits (such as social security) and job stability offered by 
larger firms. That the same pattern emerges conditionally although workers in 
larger firms are significantly less likely to change labor market position-the 

12. The other results obtained with the more restrictive definition of self-employment are generally 
similar to those reported in this article. 



negative effect of firm size is only slightly reduced in the results reported in 
column 5-might suggest that the results are capturing the impact of unmea- 
sured firm- or sector-specific human capital. However, conditional on firm size 
and individual characteristics, workers with higher conditional wages are more 
likely to start a microenterprise. Whether this reflects a relaxation on the 
liquidity constraint or entrepreneurial ability cannot be known at this point. 
However, the finding that overperformers in the salaried sector are more likely 
to enter self-employment is at odds with predictions of both the dualistic 
approach to the sector and the sociological view of the sector as a preferred 
destination for misfits. 

Sector of economic activity also has an impact. Entry into self-employment is 
most likely for those who hold jobs in the construction sector, and it is least 
likely for those employed in manufacturing. Thus, whereas a salaried worker in 
manufacturing has a 4.3 percent probability of entering self-employment, the 
probability for a salaried construction worker with similar personal character- 
istics is 7.5 percentage points higher (table 2, column 4). Salaried workers with 
jobs in agriculture and government also have-probably for different reasons-a 
higher probability of entering self-employment than their counterparts in man- 
ufacturing. 

Who Survives? 

The determinants of firm survival are estimated using a probit specification that 
links individual and firm characteristics to the probability of staying in self- 
employment over a one-year period (table 3).13 The sample is restricted to 
individuals who reported that they were self-employed in the first ENEU inter- 
view. Data from both the larger ENEU sample (column 1) and the smaller 
ENAMIN-ENEU-linked database (columns 2-4) are used to capture more 
firm-specific characteristics. 

The age patterns shown in figure 2 are confirmed with the probability of 
survival increasing with age until the 36-50 age bracket (column 1). The average 
self-employed individual in the age bracket 15-20 years has a 33.3 percent 
probability of staying self-employed, whereas for individuals with similar perso- 
nal characteristics, the probabilities of survival are 18.7 percentage points higher 
in the 21-35 bracket and 27.2 percentage points higher in the 33-50 bracket. A 
similar age pattern, although with smaller increases in survival derived from age 
alone, is found when the same specification is estimated with the smaller albeit 
richer ENAMIN-ENEU sample (columns 2-4). 

13. The results are subject to the caveat that we cannot observe whether self-employed individuals are 
still running the same businesses as in their initial interviews. Thus, in practice, the estimate is of the 
determinants of an individual staying in self-employment, as opposed to the determinants of an enterprise 
staying in business. To the extent that failed entrepreneurs tend to switch to a different labor market 
position before moving to a new business venture, the above assumption should have a minor impact on 
the results. 



TABLE 3 .  Determinants of Survival in Self-Employment 

Survival (1) Survival (2) Survival (3) Survival (4) 

Ages 21-35 years 
Ages 36-50 years 
Ages 51-65 years 
Schooling, 6-12 years 
Schooling, 13 plus years 
Married 
Self-employment earnings (log) 
Firm size, 2-5 workers 
Firm size, 6 plus workers 
Commerce 
Agriculture 
Construction 
Services 
More than one job 
Time in business 
Capital stock (log) 
Informal start-UD credit 
Formal start-up credit 
Informal credit after established 
Formal credit after established 
Log-likelihood 
Pseudo R-squared 
Number of bbservations 

*Significant at the 10 percent level. 
""Significant at the 5 percent level. 
"""Significant at the 1 percent level. 
Note: Numbers in parenthesis are p-values. The table reports the results of a probit model on the marginal changes in the probability of staying in self- 

employment resulting from discrete changes in the independent dummy variables and from infinitesimal changes in the continuous explanatory variables. 
Column 1: sample of all self-employed individuals in their initial Encuesta Nacional de Empleo Urbano (ENEU) interview. Columns 2-4: ENEU-Encuesta 
Nacional de Micronegocios (ENAMIN)-linked sample. 

Source: Authors' analysis based on data described in the text. 



Education has a negative impact on the probability of staying in self-employment 
(column 1). However, this effect is quantitatively small, with a reduction of about 2 
percentage points in the survival probability for individuals with secondary or 
tertiary schooling compared with a 70 percent probability of staying for those 
with at most primary schooling, and it disappears in the smaller sample. These 
results seem counterintuitive in that more educated workers would seem better able 
to evaluate the probability of success in potential business opportunities and also to 
do better in business, as suggested by Bates (1999). In fact, when the sample is 
restricted to self-employed individuals who report at least one worker, the effect of 
educational attainment on firm survival becomes positive and significant, especially 
for those with some college education. As for the larger sample that includes 
owner-only businesses, to the degree that better-educated workers may find better 
opportunities in the formal sector, this may be the effect of a higher "pull" effect of 
better employment alternatives for more educated individuals dominating a lower 
"push" effect associated with smaller probabilities of business failure. 

However, consistent with the relevance of this effect and the various main- 
stream models of firm dynamics reviewed above, higher conditional wages lead to 
a higher probability of survival. Thus, using the larger sample and including all 
self-employed individuals regardless of whether they have employees, a doubling 
of the earnings from self-employment is associated with a 4.2 percentage 
point increase in the probability of staying in that sector. The effect is quantita- 
tively larger when the sample is restricted to businesses with at least one employee, 
for which a doubling of self-employment earnings is related to an 8.8 percentage 
point increase in the probability of maintaining that initial status. 

Firm size is also positively and significantly related to survival in self- 
employment in both the larger and the restricted sample, which is consistent 
with the predictions of mainstream firm dynamics models.14 However, when 
time in business and capital stocks are also controlled for using the smaller 
ENEU-ENAMIN sample (table 3, column 3), the variables representing 
employment size and age of the entrepreneur cease to be significant, suggesting 
that they were merely proxying for the former variables, which do exhibit 
significant effects on self-employment survival. In particular, a doubling of the 
time that a microenterprise has been in business is associated with a 4.3 percentage 
point increase in its likelihood of survival, whereas a tripling of its capital stock is 
related to a 1.4 percentage point increase. Taken together, the results are quite 
consistent both with Jovanovic's (1982) "noisy selection" view and with the bulk 
of the mainstream empirical evidence that firms get a more precise estimate of 

14. In the larger ENEU sample, the effect of having at least one employee is that of increasing by 
about 6 percent the probability of survival in self-employment. In the smaller ENEU-ENAMIN sample, 
the increase is smaller for those with at most five workers (2.9 percent) than for firms with at least six 
workers including the owner (12.5 percent). A similar increase (13 percent) is obtained for firms with at 
least six employees when the sample is further restricted to firms with at least one employee. 
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their cost structures with experience and that past measures of success are 
informative for the future evolution of the firm. 

Survival in self-employment is 5-8 percentage points higher for married 
individuals, possibly because they can count on unpaid family workers, and 
those who report a second job are about 6 percentage points less likely to remain 
in self-employment. Moreover, self-employed workers in the construction sector 
have a probability of staying in self-employment that is 10-15 percentage points 
lower than for those engaged in agriculture, manufacturing, or services, whereas 
the self-employed workers engaged in commercial activities have a 5.5 percen- 
tage points higher survival probability than their peers in the above three sectors. 

Finally, access to formal credit at start-up seems to affect whether firms 
survive, consistent with Evans and Jovanovic's (1989) view: firms with access 
to credit exhibit a 13.6 percentage points higher probability of survival than 
their peers with similar owner and enterprise characteristics (table 3, column 4). 
Once firms are established, however, neither formal nor informal channels of 
credit have a significant effect on survival in self-employment. However, because 
credit variables are positively correlated with unobservable characteristics of the 
firm that also affect the prospects of firm survival and growth, these estimates 
should be interpreted with caution. Thus, for instance, the presence of unob- 
served heterogeneity in managerial ability, not captured by conditional self- 
employment earnings and positively related to access to credit, could upwardly 
bias the impact of access to credit on firm survival. Moreover, the bias could also 
go in the opposite direction if some covariates already embody effects derived 
from credit access (for example, higher capital stock, employment size, and time 
in business). Provided that sensible instruments for credit access can be gener- 
ated, future research should further explore the importance and direction of 
those possible estimation biases. 

Growth 

Employment growth is somewhat difficult to analyze because the aggregate 
categorical employee coding of the ENEU prohibits direct comparisons of employ- 
ment dynamics with those of the United States. However, the transition matrix in 
table 1 suggests that, as in the United States, microenterprises create relatively 
more jobs but destroy roughly equivalent numbers and generate little net job 
creation. Individuals starting microenterprises have a higher probability of simply 
remaining self-employed than of increasing their firm size, whereas a firm with 
more than one employee has a higher probability of decreasing its size than of 
increasing it. Only 12 percent of owner-only firms expand to one to four employ- 
ees, whereas 22.1 percent of firms of one to four employees contract to owner- 
only. The share of firms that go out of business decreases with firm size and ranges 
from 35 percent for owner-only to 22 percent for the largest category. 

These dynamics are broadly consistent with a steady-state distribution domi- 
nated by very small firms. Again drawing on the United States as a benchmark, 



the overall size distribution of rnicroenterprises in Mexico is similar in terms of 
owner-only firms. According to U.S. Small Business Administration and Census 
Bureau data, 67 percent of registered U.S. firms are owner-only, and another 
12 percent have at most five workers, including the owner? In Mexico, 62 
percent of businesses operated by the self-employed have no employees, and 32 
percent have at most five workers? Although Mexico and the United States are 
clearly different at the upper tail of the size distribution, at the lower tail, both 
the countries exhibit a remarkably large and similar share of owner-only firms. 

The larger absolute number of small firms may reflect simply that, as the 
opportunity cost of starting a small firm falls, more workers enter, the relative 
distribution of ability remains similar or, in line with Hopenhayn's (1992) 
argument, falls, leading, in line with Lucas's (1978) insight, to a large share of 
very small firms. Alternatively, barriers to credit or other services may keep firms 
below their optimal size, a hypothesis investigated briefly later and in more 
detail in Fajnzylber, Maloney, and Montes Rojas (2006). The fact that most 
U.S. microenterprises, which exist in a relatively well-functioning economic 
environment, also remain very small does, perhaps, lend support to the first 
hypothesis. 

The analysis also examines what characteristics seem correlated with a transi- 
tion between size brackets over a one-year period, considering only surviving 
firms.'' The dependent variable is the imputed percentage difference between 
the mean value of employment in the corresponding firm size brackets. By 
definition, firms that remained in the same size interval have a value of zero. 
The results are summarized in table 4, with the results for the full ENEU sample 
presented in column 1 and the results for the smaller joint sample presented in 
the other three columns. 

The relationships between firm growth and the age and marital status of the 
entrepreneurs are broadly similar, at least in the large sample estimates, to those 
obtained in the survival analysis: business owners who are married and in the age 
bracket 36-50 years are most likely to expand their firms, exhibiting employ- 
ment growth rates that are, respectively, 11.1 and 9.4 percentage points higher 
than those of their peers.'8 Consistent with mainstream models, entrepreneurs 
with conditionally higher earnings (better performance) seem to show a higher 

15. Authors' calculations using U.S. Small Business Administration (2001). 
16. Authors' tabulations based on the Mexican National Urban Employment Survey (ENEU). It is 

worth noting that while self-employment rates hover between 5 and 15 percent in most OECD countries, 
Latin America exhibits rates that are generally between 20 and 35 percent (figure 1). Even within the 
OECD, as reported by Blanchflower (2004, p. lo), "self-employment rates are generally higher in poorer 
countries." 

17. Firm size is divided into owner-only firms, 2-5 employees, 6-10 employees, 11-15 employees, 
16-50 employees, 51-100 employees, 101-250 employees, and 250 and more employees. 

18. While the positive sign encountered in the marital status variable may well reflect the use of 
nonpaid family workers, the results are virtually unchanged when the firms with mostly nonpaid workers 
are kept in the sample. 



TABLE 4.  Determinants of Employment Growth 

Growth (1) Growth (2) Growth (3) Growth (4) 

Ages 21-35 years 
Ages 36-50 years 
Ages 51-65 years 
Schooling, 6-12 years 
Schooling, 13 plus years 
Married 
Self-employment earnings (log) 
Firm size, 2-5 workers 
Firm size, 6 plus workers 
Commerce 
Agriculture 
Construction 
Services 
More than one job 
Time in business 
Capital stock (log) 
Informal start-up credit 
Formal start-up credit 
Informal credit after established 
Formal credit after established 
R-squared 
Number of observations 

"Significant at the 10 percent level. 
""Significant at the 5 percent level. 
" ""Significant at the 1 percent level. 
Note: Numbers in parenthesis are p-values. Ordinary least squares estimator. Column 1: sample of all self-employed individuals in their initial and last 

Encuesta Nacional de Empleo Urbano (ENEU) interview. Columns 2-4: ENEU-Encuesta Nacional de Micronegocios (ENAMIN)-linked sample. 
Source: Authors' analysis based on data described in the text. 



propensity to grow. Moreover, the educational attainment of the owner now has 
a positive and significant effect on firm growth, at least when detailed firm 
characteristics are not controlled for. 

Given that the estimates are conditional on surviving, firm size appears with 
the negative sign predicted by the mainstream literature: bigger firms are more 
likely to have achieved their optimal size. Time in business also has a negative 
effect, as expected from the literature on industrial countries, but its coefficient is 
not statistically significant. Similarly, consistent with Ericson and Pakes (1989, 
1995), although less so with Evans and Jovanovic (1989), higher capital stocks 
are positively correlated with employment growth. 

The effect of credit variables depends on the type of credit and whether it was 
granted at start-up or afterward (table 4, column 4). Consistent with Evans and 
Jovanovic (1989), the lack of access to start-up credit may imply suboptimal 
start-up size, with more rapid subsequent growth compared with firms that 
started closer to their steady-state size. This does not contradict the finding 
that formal sector loans granted at a later stage, when firms may be closer to 
their steady state and entrepreneurs better able to reveal their managerial ability, 
have a positive and significant impact on growth. Again, endogeneity issues urge 
circumspection and more careful future research. 

IV. CONCLUSIONS 

This article has documented patterns of entry, survival, and growth in the 
Mexican self-employment sector. The results suggest that the Mexican self- 
employment sector is much larger than its counterpart in the United States, 
which is reflected in higher unconditional rates of entry. Moreover, the evi- 
dence points to the significant presence of well-performing salaried workers 
among the likely entrants into self-employment in Mexico, as opposed to the 
higher incidence of poorer wageworkers among the entrants into the U.S. self- 
employment sector. Despite these differences, however, the evidence for 
Mexico is very similar to that for the United States in terms of patterns of 
entry, survival, and growth with respect to age, education, and many other 
covariates. As a first approximation, microenterprises in Mexico show 
dynamic patterns consistent with the entrepreneurial risk-taking view usually 
applied to firm dynamics in the industrial world. In particular, the noisy 
selection and learning by doing theoretical features seem to be consistently 
corroborated in the sample estimates. 

The patterns of entry into self-employment show that even if liquidity 
constraints are important for determining the future performance of new 
firms, self-employment does not appear to be less desirable than other labor 
market alternatives. Indeed, once the analysis is conditioned for the probability 
of changing labor market status, salaried workers are more likely to enter self- 
employment than individuals who are unemployed or out of the labor force. 
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Moreover, there is evidence that being employed as a salaried worker in a 
larger firm reduces the probability of entry-presumably because of benefits 
and job stability-but once the analysis is conditioned for firm size, higher 
wages increase the likelihood of becoming a microentrepreneur. This result 
runs counter to the view of self-employment as a holding pattern for misfits or 
workers rationed out of the salaried sector but supports the hypothesis that 
unobserved ability plays a crucial role in selecting workers in and out of self- 
employment. 

The results on firm survival and growth also confirm the relevance of main- 
stream models, with size and time in business being negatively related to exit and 
growth. Moreover, while concerns regarding the possible endogeneity of vari- 
ables related to access to credit must be kept in mind, receiving a loan after 
having started a business is associated with higher odds of growing, whereas 
receiving a loan at the time of start-up is associated with lower rates of both exit 
and employment growth. Presumably, this is because entrepreneurs who receive 
loans at the time of entry achieve an optimal size sooner. 

Taken together, the results suggest first that the insights of the mainstream 
theoretical and empirical literature are relevant to analysis of developing-country 
microenterprises and thus provide helpful guides to policy. Second, they suggest 
that, overall, the sector corresponds closely to the dynamic models of voluntary 
entrepreneurship described for industrial countries. 

m his is not tb downplay the vast heterogeneity of the sector. Firms with at 
least one employee correspond most neatly to the mainstream literature, 
whereas the dominant group of own-account businesses differs in some sug- 
gestive respects. Their entry rates fall with education, and they have lower 
potential for growth in response to conditionally higher earnings, suggesting 
that these firms may be relatively less "dynamic." But this is consistent with a 
combination of Lucas' (1978) and Blau's (1987) views, discussed earlier, in a 
developing-country context: very low formal sector productivity, particularly 
for low-skilled workers, implies a low opportunity cost for many workers of 
very poor entrepreneurial ability to enter the sector who may have no plans or 
capability to expand beyond one person. By contrast, the rising exit rates with 
education and higher rates of entry from unemployment may suggest, reason- 
ably, that involuntary entrants to the sector are likely to be found among - 
single-person firms. Nonetheless, the commonality of most covariate signs 
across subsamples of firm sizes, the fact that reported rates of voluntary 
entry, while below those of larger microenterprises are still close to 60 percent, 
and the procyclical pattern of gross labor flows into the sector overall (Bosch 
and Maloney 2005) suggest that the dominant character of the subsector is 
broadly in line with a mainstream view.19 

19. In 1992, those reporting voluntary entry were 57.5 percent of own-account firms and 68.1 percent 
of firms with one employee or more. During the crisis, as might be expected, the rate of voluntary entry 
fell substantially in both the groups. 



ENEU variables 

Self-employment: dummy variable that takes a value of one if the indivi- 
dual's primary occupation is self-employment or owner of a firm. 
Age: dummy variables for individual age brackets. Base category: ages 
15-17 years. 
Schooling: dummy variables for years of schooling completed. Base cate- 
gory: less than six years of schooling. 
Married: dummy variable for married individuals. 
Out  labor: dummy variable for individuals who are out of the labor force. 
Unemployed: dummy variable for unemployed individuals. 
Unemployed for four to six months and for seven plus months: dummy 
variables for individuals who have been unemployed for four to six months 
or for at least seven months. 
Salaried wage (log): logarithm of real monthly income from main job 
(salaried, contract worker, and others). The bottom and top percentiles 
are excluded from the sample. 
More than one job: dummy variable for having an income source other than 
the main job. 
self-employed earnings (log): logarithm of real monthly income from the 
main job (if self-employed or owner). 
Contract worker: dummy variable for contract workers. 
Nonpaid worker: dummy variable for individuals who are working without 

Pay. 
Other work: dummy variable for paid workers in either a cooperative or 
other unspecified types of jobs (not salaried, not contract). 
Size of firm: dummy variable for the number of employees in the firm that 
corresponds to the main job. 
Employment growth: imputed percentage difference (in logarithm) 
between the mean value of the corresponding firm size brackets in a one- 
year period. By definition, firms that remained in the same size interval 
have a value of 0. 

ENAMIN variables 

Capital stock: sum of the replacement cost of all owned or borrowed 
physical capital and the market price of all firm inventories. 
Time in business: number of years since owner began the activity or became 
head of the business. 
Informal credit: dummy variables for microenterprises that report receiving 
credit from clients, suppliers, friends, or family at the time of start-up or after. 
Formal credit: dummy variables for microenterprises that report receiving 
credit from a bank at the time of start-up or after. 
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The "Glass of Milk" Subsidy Program 
and Malnutrition in Peru 

David Stifel and Harold Alderman 

This study of the Vaso de Leche ("Glass of Milk") feeding program in Peru looks for 
evidence that this in-kind transfer program aimed at young children furthers nutritional 
objectives. The study links public expenditure data with household survey data to 
substantiate the targeting and to model the determinants of nutritional outcomes. It 
confirms that the social transfer program targets poor households and households with 
low nutritional status. Nevertheless, the study fails to find econometric evidence that 
the nutritional objectives are being achieved. 

In designing transfer programs, governments are motivated by equity or efficiency 
objectives or both. Das, Do, and Ozler (2005) discuss these objectives for condi- 
tional cash transfer programs, but their analysis also applies to in-kind transfers 
and commodity price subsidies. While such subsidies or transfers may be politi- 
cally pragmatic or administratively more feasible where markets or banks are 
rudimentary, the choice of in-kind or conditional transfers over direct uncondi- 
tional cash transfers is generally based on the assumed presence of a market 
failure. For example, a food price subsidy or commodity transfer may be designed 
to improve the nutritional status of vulnerable groups-as well as to augment the 
real incomes of constituents-based on the possibility that intrahousehold alloca- 
tions do not reflect the rates of return to investments in children. Food subsides 
may also be motivated by the view that past underinvestments in education led to 
current inefficiencies in the allocation of inputs into the production of health. 

No direct measure of behavior is necessary for assessing equity-driven transfers to 
households. The equity-improving objective can be assessed in terms of its effect on 
the distribution of household incomes or on poverty reduction. In contrast, as Das, 
Do, and Ozler (2005) point out, the evaluation of transfers differs if the main 
motivation is increasing efficiency rather than addressing equity. If a conditional 
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transfer is designed to increase consumption of a commodity or use of a service, 
one approach is to look at the net increase (after any substitution) of consumption 
of that good. An alternative or additional approach is to look at the outcome that 
the conditionality is designed to affect. Nutritional objectives of in-kind transfers 
are often expressed as incremental consumption of one or more goods or one or 
more nutrients. However, since the transferred or subsidized good can be substi- 
tuted for other items in the diet, it is preferable to focus the evaluation on the 
impact on child growth, as, for example, in evaluations of the impact of condi- 
tional transfers on nutrition in Mexico (Behrman and Hoddinott 2005; Rivera, 
Sotres-Alvarez, and others 2003). These individual-specific measures are behavior- 
induced outcomes that are distinct from the standard welfarist measure of total 
consumption. 

When it comes to meeting nutritional objectives through in-kind transfers, 
milk is often believed to be a particularly effective commodity.l While exclusive 
breast-feeding is widely advocated for children under six months old, the value 
of supplementation with other milk at a later age is less clear. There is some 
clinical evidence that milk supplementation contributes to child growth but 
mainly in communities where the diet is based almost entirely on root crops or 
when milk supplements are combined with specific interventions to shift beha- 
vior (Rivera, Hotz, and others 2003). Thus, nutritionists generally do not 
advocate milk as a candidate for subsidies because of its high nutrient costs 
and low energy density (Kennedy and Alderman 1987). 

Milk subsidy programs are nonetheless prevalent, and so it is important to 
assess their ability to achieve their nutritional objectives. It is surprising therefore 
that while there are several published studies on the distributional incidence of 
milk or milk product subsidies, evaluations of the nutritional impact of subsidy 
programs are hard to find. 

The literature generally takes three forms. First, there are studies of milk 
programs that do not include evidence on nutritional impacts. These include 
Tuck and Lindert's (1996) study of milk consumption in Tunisia's subsidy 
program (accounting for 10 percent of overall subsidies at their peak), Esanu 
and Lindert's (1996) analysis of Romania's milk program, and the World Bank's 
(2003) report on the distribution of fluid milk in the Brazilian state of Rio 
Grande do Sul. Similarly, while Alderman and del Ninno (1999) estimate that 
exempting milk from South Africa's value added tax-similar to a consumer 
subsidy costing more than $150 million a year-leads to a 0.18 percent increase 
in protein consumption (0.03 percent for the poorest 40 percent of the popula- 
tion), they do not provide evidence for its effect on malnutrition rates. 

Second, there are analyses of programs that include milk as one of many subsidized 
foods for which nutritional impacts are documented but for which the effect cannot 
be singled out. For example, Rush and others (1988) and Carlson and Senauer 

1. For example, as reported in the December 13, 2003, issue of The Economist, China recently 
instituted a school milk program after noting the comparatively small stature of its citizens. 
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(2003) find that the Women, Infants, and Children Feeding Program in the United 
States is clearly beneficial. That program is not confined to either milk or milk 
substitutes, however, and these studies do not single out the role of milk subsidies. 
Nor is milk generally distinguished in the literature on school feeding, even though 
it is often included in such programs. Powell and others (1998) report the impact of 
one such successful program that included milk. However, the nutritional experi- 
ence of such programs is generally mixed, in part because of irregular implementa- 
tion (Levinger 19 86). 

Third, there are a handful of studies of milk programs that do present nutri- 
tional evidence-for example, studies of Mexico's Liconsa fluid milk distribu- 
tion program by Gundersen and others (2000), Kennedy and Alderman (1987), 
and Grosh (1994). Although Grosh (1994) finds the subsidies to be distributed 
progressively, none of these studies shows an impact on child growth. 

Simply stated, it is not known whether policies to subsidize milk are effective at 
achieving nutritional objectives, and without knowing this it is hard to fully 
understand the motivation for the in-kind transfer. This article addresses this 
question by studying Peru's Vaso de Leche ("Glass of Milkn) program, which 
provides primarily milk and milk substitutes to low-income households and is 
motivated by nutritional objectives. The program is well suited for this analysis 
because its benefits are distributed progressively (Stifel and Alderman 2005), thus 
eliminating one common reason for a commodity distribution program to have a 
limited nutritional impact. This permits focusing on the nutritional outcomes that 
might have motivated the subsidy program. Addressing the question of nutritional 
impact is not straightforward, however, since randomized evaluations of full-scale 
interventions are often hard to implement in politically popular transfer programs. 
Therefore, the approach applied here links public expenditure data with house- 
hold survey information to assess the program's impact on nutritional outcomes. 

At a cost of $97 million in 2001, Vaso de Leche is the largest social transfer in Peru and 
the second largest component of transfers from the central government to municipa- 
lities (Instituto Apoyo and World Bank 2002). Introduced as a pilot in Lima in 1984, 
the program expanded nationally during the economic crises in the late 1980s and 
early part of the 1990s. By 1998 the program had expanded to reach 44 percent of 
households with children aged from 3 to 11 through earmarked monthly transfers to 
municipalities (Younger 2002). By law, these municipalities are required to have an 
administrative committee composed of elected representatives of beneficiaries, the 
mayor, another local official, and a representative from the ministry of health. In 
addition to this administrative committee, each community has an elected Vaso de 
Leche mothers committee. This committee, which has a fair degree of discretionary 
decision-making (Instituto Apoyo and World Bank 2002), identifies the beneficiaries, 
the timing of deliveries, and, within limits, the commodities to be distributed. 



Despite its name, the Vaso de Leche program distributes more than milk and 
milk substitutes. In some cases, cereals or a combination of commodities are 
distributed instead of or in addition to milk products. For example, 46 percent of 
recipient households receive one product (67 percent of them receive milk or 
milk substitutes), while 51 percent receive two products (88 percent of them 
receive milk or milk  substitute^).^ Nonetheless, according to calculations of this 
study using data from the Vaso de Leche Public Expenditure Tracking Survey, 
milk and milk substitutes (such as powdered milk and soymilk) account for an 
average of 77.5 percent of the value of total transfers. Furthermore, for house- 
holds in the two poorest quintiles, milk accounts for 93.3 percent of the value of 
the transfers and milk substitutes for 80.4 percent. 

Priority is given to households with children six years old or younger or with 
pregnant or lactating women. Once these first-tier beneficiaries are attended to, 
households with children aged from 7 to 13 and people with tuberculosis may 
participate. Within both categories, priority is based on need.3 

There have been many excellent recent studies on the distribution of social 
expenditures in Peru and of Vaso de Leche in particular. For example, Younger 
(2002) finds a pattern of progressive distribution of Vaso de Leche benefits, with 
improved targeting between 1994 and 1997 as coverage increased. Using a different 
methodology and one of the data sources employed in the current analysis (a 1997 
household survey), Ruggeri Laderchi (2001) also examines the overall distribution 
of food transfers and their impact on food consumption and nutrition. She finds that 
the transfers are slightly progressive, although the poorest 40 percent of households 
received only 46 percent of total transfers. She also finds that while the total share of 
income from food-related transfers had no impact on the height of children, the 
income share from participation in the Vaso de Leche program had a sipficant 
impact on standadzed child height (Ruggeri Laderchi 2001, p. 36). Her specifica- 
tion, whch treats participation as exogenous, yields a positive effect only when 
income is instrumented and when district fixed effects are included at the same time. 
The impact appears negative and, in some specifications, statistically significant in 
the absence of these recommended econometric procedures. 

A recent Public Expenditure Tracking Survey followed the budget trail from 
the central government to the Vaso de Leche beneficiaries (Instituto Apoyo and 
World Bank 2002; World Bank and Inter-American Development Bank 2002). 
The study finds an appreciable variation between communities in the timing of 
delivery, the commodities chosen, and the administrative fees charged. Virtually 
all the funds released by the center were transferred to municipal Vaso de Leche 

2. Powdered milk is considered a milk substitute in this context. Although the law states that the 
distributed products should be in prepared form, this occurs in only 39 percent of the committees outside 
of Lima, and only 7 percent of the recipients report consuming the products at  the point of pickup 
(Instituto Apoyo and World Bank 2002). 

3 .  While the laws on the Vaso de Leche indicate that malnourished individuals are to receive priority, 
nutritional measures (such as anthropometric indicators) are not used for targeting purposes. See, for 
example, Law 27470 in El Peruano (2001). 
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administrative budgets and further down to the mothers committees, with only 
some documented small-scale leakage in the allocations. The study finds more 
substantial discrepancies between the commodity allocations reported by the 
committees and by the household, however. The study could not account for a 
quarter of the product transferred. Most of the unexplained gap was in urban 
districts (particularly provincial capitals).4 

This section describes the approach to modeling the determinants of nutritional 
status5 and discusses the estimation strategy in the presence of endogenous 
program placement. 

Modeling the Determinants of Nutritional Status 

To determine the impact of the Vaso de Leche program on nutrition, the determi- 
nants of child nutritional status are estimated using program expenditures as an 
explanatory variable. The approach is to estimate the intention to treat rather than 
the effect of the treatment on the treated. The intention to treat can be concep- 
tualized as the effect of the Vaso de Leche transfers being offered regardless of 
actual participation or dropout. In this analysis, the counterfactual of interest is 
the state of the world if the program had not existed, which is compared with the 
state of the world in the presence of the program (Heckman, Lalonde, and Smith 
1999). This is distinct from the counterfactual for the effect of the treatment on 
the treated, which is the state of the treated if the program had not existed 
compared with the state of the treated in the presence of the program. 

Evaluation of the intention to treat looks at the difference between outcomes 
among the eligible population where the treatment is available compared with the 
same population where it has not been made available, preferably controlling for 
site selection. Evaluation of the treatment on the treated looks at differences in the 
expected outcomes, conditional on participation. It is generally not possible to go 
directly from one form of evaluation to the other without additional assumptions 
since it is not usually possible to ascertain the participation of members of the 
control group had they had the same opportunities as the treatment group. 

Both types of comparisons convey useful information. But, as Heckman, 
Lalonde, and Smith (1999) observe in their review of methodologies for 

4. The study also found leakage or dilution in the sense that children did not always receive the milk 
that was obtained by the household. However, this is not only a difficult topic to quantify, but the welfare 
interpretations of this so-called leakage also differ from those of leakages in the public expenditure 
allocation chain. As argued in Alderman and others (1995), expecting a transferred good to be consumed 
entirely by one targeted individual within a household unit is not easily reconciled with any standard 
household model. Nor is the intrahousehold allocation as likely to be influenced by program adrninistra- 
tion as are errors of inclusion and exclusion in targeting on poverty. 

5. The model is fairly standard in the literature (Strauss and Thomas 1995). This exposition draws on 
Sahn and Stifel (2002). 



evaluation, it is often evaluation of the intention to treat that is of policy 
relevance (see also Rouse 1998). So, while this analysis does not measure the 
marginal contribution of milk consumption itself to nutritional status, the 
impact that is measured allows one to assess whether government expenditures 
on milk subsidies improve nutrition. This focus, then, differs from that of other 
studies on feeding programs and in-kind transfers, such as Ruggeri Laderchi 
(2001), which attempt to measure the effect of the treatment on the treated. 

The theoretical framework for the estimation is derived from a household 
model in the tradition of Becker (1981). Assume that the household maximizes a 
quasi-concave utility function that takes as its arguments consumption of milk, 
x,, all other commodities and services, x,, leisure, 1, and the health status, 6' (of 
which a child's anthropometric measurement, h, is one dimension) of each 
household member. The household solves the following problem 

max u(x,, x,, 1,0; A, Z) 
xm,xo,l,Q 

where A and Z, respectively, represent household and community characteris- 
tics, some of which are not observed. Allocation choices are made conditional on 
the budget constraint: 

where p, is the price of milk, p, a vector of prices, w a vector of household 
members' wages, T a vector of the household members' maximum number of 
work hours, and y the household nonwage income. 

The nutritional status of children, h, is determined by a biological health 
production technology: 

where I is a vector of health inputs and pi represents the unobservable individual, 
family, and community characteristics that affect the child's nutritional out- 
comes. Household characteristics (such as demographics and educational levels), 
A, can have an impact on health by affecting household allocation decisions. 
Community characteristics (such as access to clean water), Z, can also have 
direct impacts on nutritional outcomes. Note that the input vector I includes 
consumption goods (such as milk) that contribute positively to household wel- 
fare both directly through x, and x, and indirectly through h. This represents 
the simultaneous choice of consumption goods and health inputs. 

Given this simultaneity, the household's optimization problem can be solved 
to get a set of demand equations for goods and services (x), leisure (I), and health 
(6') .  A subset of the health demand equations is the reduced-form demand 
equation for child nutrition, represented as follows: 
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where E~ is the child-specific random disturbance term, which is assumed to be 
uncorrelated with the other elements of the demand function. 

The dependent variable is the standardized anthropometric height-for-age z- 
score (HAZ) for children under five years of age. HAZ is defined as (h - hr)lo,, 
where h is the observed height of a child of a specified sex and age group, h, the 
median height in the reference population of children of that sex and age group, 
and or the standard deviation of height measurement for the reference popula- 
tion of that sex and age group. The standard reference population recommended 
by the World Health Organization is that of the United States National Center 
for Health Statistics. As several studies have indicated that less than 10 percent 
of the worldwide variance in height can be ascribed to genetic or racial differ- 
ences (Martorell and Habicht 1986), this reference population is appropriate. 
Children with a HAZ score of less than -2 are usually classified as stunted. 

The set of predictors consists of characteristics of the child (such as age, sex, and 
birth order), household demographic variables (such as household size and age and 
sex composition), characteristics of the parents (such as educational attainment and 
mother's age and height), access to public services (such as piped drinking water), 
and a dummy variable for living in an urban area. Given the propoor targeting of 
the Vaso de Leche program, predicted log per capita household expenditure was 
also included in the estimated model to control for household wealth. 

Endogenous Program Placement and Explanatory Variables 

The primary purpose of this exercise was not to model the overall determinants of 
nutrition but to see whether the Vaso de Leche program has an impact on nutrition. 
In terms of the model described in the previous section, this effect can be trans- 
mitted in two ways: by increasing household income by the value of the milk 
transfer (if this is the entire effect, the transfer is said to be inframarginal) and by 
directly increasing the level of milk consumption above what would have been 
consumed had the transfer been made in the form of cash by influencing the 
marginal price. Thus, the reduced-form health demand function is adapted to 
include the Vaso de Leche transfers as an explanatory variable to pick up the direct 
effect of the program on child health independent of its role as an income transfer: 

As noted, the program is evaluated based on the intention to treat-in this 
case, conditional on the funding for the Vaso de Leche at the local level-and not 
on the household choice to take up this opportunity. Modeling the impact on 
self-selecting participants would require making a set of additional assumptions 
to determine the impact on the random eligible participant. While conditioning 
on the Vaso de Leche allocation to the community in lieu of participation means 
not having to solve the issue of endogenous household choice, the problem of 
potential bias from endogenous program placement remains (Rosenzweig and 
Wolpin 1986). Not even the sign of any potential bias can be esta~blished since an 
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estimated impact may be overestimated if programs are placed where the antici- 
pated return is higher than average or be underestimated (or even negative) if 
programs go to favored but more developed communities. 

This issue is addressed by using observations of Vaso de Leche expenditures 
from two different rounds of Demographic and Household Surveys (1996 and 
2000). Thus, fixed effect estimations can control for theminitial conditions in the 
communities. The general form of the models to be estimated is as follows: 

where i is the index for individual children, d the indicator for the district in 
which the child resides, and t the year (1996 or 2000). VL is the district level per 
capita Vaso de Leche expenditure. The fixed effect version also includes, D, the 
set of district dummy variables. The inclusion of these dummy variables removes 
the influence of any time-invariant district effects, including any that might 
correlate with the allocation of Vaso de Leche funds. 

This approach compares the differences in the changes in health status when 
Vaso de Leche transfers change, controlling for other community characteristics. 
In effect, y is the difference in differences estimator (Moffitt 1991) of the effect of 
Vaso de Leche transfers on child health. Per capita expenditure on the program 
increased between survey years from 29.4 soles in 1996 to 37 soles in 2000, or 
more than 25 percent. The coefficient of variation for the change in expenditures 
is 0.47, indicating substantial variation in the rates by which coverage increased 
to identify a first difference at the community l e ~ e l . ~ )  The expenditure data are 
based on total expenditures in each district and not a sample and are thus 
analogous to a census of expenditures. 

As an additional precaution for site selection bias, instrumental variable 
methods were also employed with the fixed effects models to account for the 
possibility of any remaining unobserved factors affecting malnutrition that vary 
over time and are also correlated with the change in Vaso de Leche expenditures. 
This was approached in two ways. 

First, standard two-stage least squares models were used in which the identifying 
instrument is the district-level Peruvian Social Fund Fondo Nacional de Compensa- 
ci6n y Desarollo (FONCODES) index of unmet basic needs, a composite of various 
measures-including access to schooling, electricity, water, sanitation, adequate 
housing, and measures of illiteracy-based on the 1993 census (Schady 1998). As 
shown in the results, the FONCODES index is correlated with district-level Vaso de 

6 .  There were 315 districts in the study. While the relatively small number of observations per district 
implies that the district dummy variable will not be measured with precision, the estimates are unbiased. If 
the aim were to make a statement about the level of malnutrition in any given district, then the sample size 
in that district would be critical. However, for making a statement about the nutritional status of children 
at a given level of per capita program expenditures, it is the overall sample, adjusted for cluster sampling, 
as well as the variance of the regressor, the district means and the covariance between them, that 
determines this precision. 



Stifel and Alderman 429 

Leche expenditures, satisfying one condition for valid instruments. The other 
condition, which is uncorrelated with the error term, is plausible given that the 
index was formulated based on the 1993 census, three years lbefore the 1996 
Demographc and Health Survey (DHS). The FONCODES index may be correlated 
with the levels of the unobserved factors, but since the analysis also includes fixed 
effects estimates that are, in effect, based on the change in Vaso de Leche expen- 
ditures, the properties of the instrument in these estimates are based on the 
assumption that the index is uncorrelated with changes in unobserved factors. If 
the parameter of interest-the impact of Vaso de Leche expenditures-points to 
the same conclusion over the set of estimates, there can be reasonable confidence 
that the conclusion is robust. Although the surveys are pooled, implicitly restricting 
the parameters of individual and household characteristics to be constant over 
time, the instrumenting equations are allowed to vary between periods. This is 
done in two ways: by including a time dummy variable as a shifter and by allowing 
all of the parameters to vary over time (in which case province-level fixed effects 
models are estimated). 

Moreover, because the basis for the FONCODES index will remain problematic, 
a second instrumental variable-type method is also employed using a different 
means of identification. In this method, proposed by Lewbel (2004) (see also 
Rigobon 2003), the identification of y comes from exploiting the heteroskedas- 
ticity of the first-stage equation (Vaso de Leche expenditures). To illustrate, 
begin by defining the first-stage equation as 

where X can include all or a subset of the explanatory variables in the main 
equation and can include instruments such as the FONCODES index. If cov(x,v2) is 
nonzero (i.e., if the data are heteroskedastic), then y and the other parameters in 
the main equation can be estimated consistently without external instruments by 
an ordinary linear two-stage least squares regression in which all the exogenous 
right-side variables and (X - X)$ are used as instruments for Vaso de Leche 
expenditures. The requirement that cov(x,v2) # 0 is tested by applying a Breusch 
and Pagan (1979) test for heteroskedasticity to the first-stage equation. 

The district-level Vaso de Leche expenditure data are merged with the DHS 

data for 1996 and 2000 to create a data set with 19,053 observations on child 
heights, which is used to estimate the model. The per capita Vaso de Leche 
district expenditure variable is the district average amount spent in the two years 
before and including the 1996 and 2000 surveys. 

Thus, five variations of the model are estimated using individual child nutri- 
tional status as the dependent variable. First, ordinary least squares (OLS) model 
is used to estimate the basic nonfixed effects model. Second, a series of fixed 
effects models are estimated, starting with an OLS model. Third, this is followed 
by a time-varying instrumental variable model that is run with province-level 
(not district-level) dummy variables, since time-varying district dummies in the 
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instrumenting equation would perfectly predict the district-level Vaso de Leche 
expenditure values. The fourth is a fixed effects model using instrumental vari- 
able methods in which a time dummy variable is included in the instrumenting 
equation. Lastly, Lewbel's (2004) method of taking advantage of the hetero- 
skedastic nature of the data for identification is used to verify that the results are 
robust. The particular advantage of this fifth model is that it does not use the 
FONCODES index classifications at all and thus is free of any possible problems 
associated with that instrument. In summary, the following models are esti- 
mated: (a) basic OLS; (b) district fixed effects, OLS; (c) province fixed effects, 
time-varying instrumental variable; (d) district fixed effects, time dummy vari- 
able in instrumental variable equation; and (e) district fixed effects, heteroske- 
dasticity identification. 

In all of the estimates, Huber-White standard errors are estimated to correct for 
homogeneity among observations in the 1,364 primary sampling units   cluster^).^ 

Finally, while selective migration into high Vaso de Leche districts is theore- 
tically a possibility, it is unlikely that the small transfer (1.8 percent of the 
income of the poor on average in 1997) is a major determinant of migration. 
To get an indication of whether this is a major concern, survey data were used to 
examine the probability that an individual migrated to the district of current 
residence from another district. While the Vaso de Leche allocation in the district 
of origin is not known, the marginal effect of current Vaso de Leche expendi- 
tures on the probability of migrating in the past ten years is known to be -0.0004 
(2 = -0.73). Thus, the results are unlikely to be biased if current residence is 
taken as exogenously determined. 

This analysis of the Vaso de Leche program benefits from a wealth of data 
sources available in Peru. The data come from four main sources: information on 
the geographic allocation of Vaso de Leche program expenditures, national 
household living standard surveys, national DHS, and the Public Expenditure 
Tracking Survey. While having multiple data sources is preferred, for evaluating 
nutritional impacts as illustrated here analysts need only program expenditure 
and household survey data with child anthropometrics. 

Vaso de Leche Expenditures 

The Vaso de Leche program has maintained monthly records of expenditures 
allocated to each administrative (department, province, and district) region 
in Peru since 1994. This information, along with district population sizes 
from the 1993 census and the 2000 pre-census, is used to determine real 

7. There is slight change in standard errors if the Huber-White standard errors correction is based on 
districts rather than the less aggregated sample units. 
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annual total and per capita program expenditures in each of the recipient 
districts for 1994-2000. Allocations to the district program committees do 
not translate fully into benefits to recipients, but considering the small scale 
of the leakages found at the committee level by the Public Expenditure 
Tracking Survey, they likely represent a reasonably accurate proxy for the 
value of benefits available to district residents. 

Living Standard Surveys 

Two sources of household living standard surveys were available for this 
study. The first is the National Household Survey (Encuesta Nacional de 
Hogares, ENAHO), collected by the National Institute of Statistics and Informa- 
tion (INEI) in 1998, 1999, and 2000. These nationally representative surveys of 
more than 6,500 households (2,000 for the 2000 survey) were carried out 
quarterly, with each quarter's survey focusing on a different theme. This 
analysis concentrates on data from the second quarter module, which focuses 
on social services and includes information on participation in the Vaso de 
Leche program. Household income information is also available for each 
module. 

The second source is the 1994 and 1997 National Living Standards Survey 
(Encuesta Nacional de Hogares sobre Medicion de Niveles de Vida, ENNIV), 

collected by Instituto Cuanto. These nationally representative surveys of more 
than 3,500 households collect multiple indicators of household and individual 
well-being (e.g., education, housing, health, economic activity, consumption, 
and assets). The 1994 ENNIV includes information on Vaso de Leche participation 
by household, and the 1997 data also include estimates of the values of the 
transfers made to the household. Anthropometric measurements of heights and 
weights of young children were also recorded. 

Demographic and Health Surveys 

DHS were carried out in Peru in 1996 and 2000. These nationally representative 
surveys of more than 28,000 households each are part of a program funded by 
the United States Agency for International Development and implemented by 
Macro International Inc., which has included more than 70 nationally represent- 
ative household surveys in more than 50 countries. The surveys are conducted in 
single rounds with two main instruments: an individual questionnaire for 
women of reproductive age (15-49 years old) and a household schedule. Child 
anthropometric measurements are recorded in the individual module. The 
household schedule collects information on household members, assets, and 
access to public services. Since income or expenditure data are not collected, 
the asset data in the survey were used to predict household per capita expendi- 
tures. This was done by estimating a model of log household per capita expen- 
ditures in the 1997 ENNIV data, including the value of in-kind transfers. The 
explanatory variables in this model are assets in the 1997 ENNIV d.ata that are also 



available in the DHS data. This model was then used to predict the values of 
household expenditures in the DHS data.8 

Public Expenditure Tracking Survey 

The Public Expenditure Tracking Survey for the Vaso de Leche program was 
conducted by Instituto Apoyo at the end of 2001 and early in 2002, to quantify 
leakages and delays in public expenditure disbursements and to assess the effects 
of deficiencies in the system on the quality of the services provided. Thus, 
interviews were conducted at three levels: the municipality, the mothers com- 
mittee, and the household. One hundred municipalities were sampled, and four 
mothers committees were randomly selected from each. Lastly, four beneficiary 
households were selected randomly from each mothers committee in the sample. 
Because there are fewer than four committees in some municipalities, only 393 
committees and 1,587 beneficiary households were interviewed. The household 
survey includes information on household demographics, assets, and participa- 
tion in the Vaso de Leche program, including the values of transfers, products 
received, and additional purchases made. 

As with the DHS, neither income nor expenditure data were collected. None- 
theless, the share of the total program received, by wealth quintiles, was estab- 
lished by constructing a wealth index from the households' asset information 
using a factor-analysis methodology that is regularly applied to the DHS data sets 
(Filmer and Pritchett 2001; Sahn and Stifel 2003). Because information on 
households that do not participate in the Vaso de Leche program is not included 
in the Public Expenditure Tracking Survey data, asset weights are derived from 
the nationally representative 2000 DHS and applied to the tracking survey data. 
This permits determining how households sampled in the tracking survey rank 
relative to the overall national population. 

The purposes for which the various data sets are used are summarized in 
appendix Table A.1. Vaso de Leche targeting is evaluated using the DHS, ENNIV, 

and ENAHO data. The Public Expenditure Tracking Survey data are used to 
examine the degree to which Vaso de Leche transfers are inframarginal, and 
the D H S ~  and the district-level Vaso de Leche expenditure data are used in the 
child nutrition models. 

8. The results of the first-stage regressions estimated with the ENNIV 1997 data are available on 
request from the authors. 

9. Only the DHS data are employed for the nutrition models for two main reasons. First, two 
comparable data sets with anthropometric measurements are needed, so that district dummy variables 
as well as Vaso de Leche subsidies can be included in the models (see World Bank 1999 for a discussion of 
some of the comparability issues related to the ENNIV surveys). Second, although both the 1994 and 1997 
EW data sets have anthropometric data, the earliest year for which Vaso de Leche expenditure data are 
available is 1994. As explained in the text, the models use the average subsidies for the two years prior to 
and including the survey as explanatory variables, which would not be available for the 1994 EW. 
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IV. RESULTS 

Before examining the impact of Vaso de Leche expenditures on nutritional 
outcomes, this section clarifies earlier statements regarding the distribution of 
Vaso de Leche transfers and targeting. 

Distribution 

The results confirm that the Vaso de Leche program is reasonably well targeted in 
terms of both household incomes and child nutritional status, though there have been 
some leakages. For incomes, this is done by comparing the coverage rates of house- 
holds by their per capita income levels1' for five household surveys (Table 1). The 
percentage of households with children aged six and under (tier I target group) who 
receive Vaso de Leche transfers declines sharply with the level of income. For 
example, in 1994, coverage rates declined from 38 percent ([39.3 + 37.0112) of 
the households in the two poorest quintiles to less than 8 percent in the richest. As 
the coverage for all households with children increased from 28 percent in 1994 to 
48 percent in 2000, coverage in the two poorest quintiles rose from 38 to 68 percent 
([68.2 + 66.9112). While there was a concurrent increase for the more well-off people 
in the population, the poorest 40 percent of eligible households received more than 
three times as much as the richest 20 percent on average. These coverage rates 
compare favorably to the experiences in other Latin American countries (Grosh 
1994) and other developing countries (Coady, Grosh, and Hoddinott 2004). 

The Public Expenditure Tracking Survey data show that the mean transfer to 
households in the poorest national asset index quintile is 23 percent larger than 
to households in the richest quintile. Notably, the bulk of this comes in the form 
of milk products. The mean value of milk products transferred to the poorest 
quintile is 135 soles and 18 soles for milk substitutes and other products. 
Conversely, the mean values of other products received in the other quintiles 
are between 52 and 100 percent of the mean value of the milk products they 
receive (see Stifel and Alderman 2005 for more details). Therefore, milk product 
transfers are generally progressive in the values received by beneficiaries, while 
transfers of nonmilk products are not. 

In nutrition-based targeting, the Vaso de Leche program also is concentrated on 
households with children of low nutritional status, as illustrated by coverage rates 
of all children under five years of age by quintile of HAZ for the three household 
surveys with information on both Vaso de Leche participation and anthropo- 
metric status of children (Table 2). To give a sense of program leakage to 
nonmalnourished children, the percentage of the children in each of the quintiles 
who are stunted is also shown (HAZ below -2). In 1997, for example, 64 percent 
of children in the least well-nourished quintile (those who are all stunted) lived in 
households that received Vaso de Leche food transfers, while just over 30 percent 

10. Household per capita consumption is used for the 1994 and 1997 ENNIV data. 
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TABLE 1. Vaso de Leche Coverage Rates by Quintiles of Per Capita Income 
(Percent) 

Annual transfers per 
ENNIVa ENNIVa ENAHO ENAHO ENAHO capita (1997 soles) 

Quintile 1994 1997 1998 1999 2000 ENW 1997 

1 (poorest) 39.3 60.5 65.5 59.4 68.2 26 
2 37.0 52.4 61.5 50.0 66.9 30 
3 34.3 44.6 48.2 39.4 49.4 19 
4 20.1 30.7 36.0 29.3 37.3 22 
5 (richest) 7.8 15.8 20.2 15.8 15.2 7 
Total 27.7 40.8 46.3 38.8 47.5 2 1 

"Expenditure per capita rather than income quintiles. 
Note: Domain is the set of households with at least one child aged six or younger. Encuesta 

Nacional de Hogares sobre Medicion de Niveles de Vida (ENNIV) is a National Living Standards 
Survey; Encuesta Nacional de Hogares (ENAHO) is a National Household Survey. 

Source: Authors' analysis based on data described in the text; see also appendix table A.1. 

TABLE 2. Vaso de Leche Coverage Rates and Child Malnutrition by Quintiles 
of Height for Age z-scores (HAZ) (Percent) 

Quintile ENNIV 1994 DHS 1996 ENNIV 1997 

Share of children in program 
1 
2 
3 
4 
5 
Total 
Share of children who are stunted 
1 

Note: Domain is the set of children with HAZ. ENNIV (Encuesta Nacional de Hogares sobre 
Medicion de Niveles de Vida) is National Living Standards Survey; D H ~ ,  Demographic and House- 
hold Survey. 

Source: Authors' analysis based on data described in the text; see also appendix table A.1. 

in the most nourished quintile lived in households that received transfers. None- 
theless, despite the fact that the primary stated objective of the Vaso de Leche 
program is to reduce the levels of malnutrition in Peru, over a third of the intended 
beneficiaries in the most malnourished quintile were missed. 

It is possible that targeting of children based on ex ante nutritional needs 
would have resulted in improved ex post outcomes. This could explain the low 
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TABLE 3 .  Inframarginality of Vaso de Leche Transfers by Quintile of Per Capita 
Expenditure (Percent of Beneficiary Households) 

Total 1 (Poorest) 2 3 4 5 (Richest) 

Share that receive 
Fluid milWdairy products 29.4 18.4 20.1 23.0 32.9 41.3 
Milk substitutesa 53.3 74.8 48.8 43.2 51.5 48.7 
Milk and milk substitutesa 79.5 89.6 67.3 63.9 81.7 85.4 
Other products 58.3 22.3 58.7 62.6 62.9 74.9 

Share that purchase additionalb 

Fluid milWdairy products 42.5 20.7 14.6 30.4 52.1 52.6 
Milk substitutesa 2.6 2.2 3.0 4.1 1.5 3.0 
Milk and milk substitutesa 48.6 36.1 38.9 36.4 57.2 58.7 
Other products 26.5 9.7 19.7 15.0 26.6 37.1 

"Includes powdered milk. 

b ~ h a r e  of beneficiary households that receive the product. 

Source: Authors' analysis based on data described in the text; see also appendix table A.1. 

levels of coverage of malnourished children. However, if targeting based on ex 
ante needs is persistently effective, then as the nutritional status of participants 
improves over time, deterioration in the degree of targeting on malnutrition 
should be observed. This appears not to be the case; coverage rates for 
malnourished children rose from 42.5 percent in 1994 to 63.5 percent in 1997. 

The Public Expenditure Tracking Survey data offer further indication of 
whether the quantities of milk provided to households by the program are 
extramarginal.l1 If so, they are expected to have a larger impact on milk con- 
sumption than an inframarginal program might have. While inframarginal 
transfers and extramarginal transfers have the same income effect, extramargi- 
nal transfers have a price effect as well. 

Nearly half of recipients consume additional amounts of the products distrib- 
uted to them through the Vaso de Leche program (Table 3). For example, for the 
80 percent of recipients who receive milk and milk substitutes from the program, 
49 percent purchase additional milk and milk substitutes. For 29 percent of 
households that receive milk and dairy products, the program is inframarginal 
for 43 percent of them with respect to these products. While only 3 percent of 
households that receive milk substitutes (53 percent of recipient households) 
purchase additional milk substitutes, most of these households also purchase 
milk and dairy products. For half of these households, the Vaso de Leche program 

11. The transfer is extramarginal if ex post consumption (what is observed) is exactly equal to the 
transfer - the recipient would consume less of the product if the transfer were in the form of cash (the 
recipient is consuming at the kink in the budget constraint). Alternatively, if the recipient purchases 
additional amounts of the product, the transfer is inframarginal. 



is inframarginal over the more broadly defined category of milk and milk sub- 
stitutes (hence the 49 percent figure above) but not for milk substitutes alone. 

Thus, although the Vaso de Leche program is found to be reasonably well 
targeted to the expected beneficiary groups, it is unclear ex ante what effect the 
program has had on reducing child malnutrition. The econometric analysis, dis- 
cussed below, sheds some light on this issue. 

Impact of Vaso de Leche Transfers on Nutritional Outcomes 

This section assesses the impact of the Vaso de Leche food transfer program on 
nutrition by examining how the transfers affect child nutritional outcomes. This is 
done by estimating reduced-form models with standardized HAZ of children less 
than five years of age as the dependent variable. The summary statistics of the 
variables used in the model are shown in Table 4. 

The stunting rate dropped only marginally from 26.0 percent in 1996 to 25.8 
percent in 2000. This difference is not statistically significant. Because of the 
many confounding influences, however, the lack of progress in reducing child 
malnutrition is not sufficient in itself to assess the impact of the Vaso de Leche 
program. So models are also used. 

These reduced-form models are conditioned on predicted log per capita household 
expenditures as a proxy for the potentially endogenous actual household expendi- 
tures.12 In all of the models, the parameter estimates on expenditures are statistically 
significant at the 99 percent level of confidence (Table 5), confirming that household 
wealth has a positive impact on child nutritional status, a finding consistent with 
results on the impact of instrumented expenditure for Peru (Haddad and others 
2003). For the basic models (without fixed effects), the parameter estimate is approxi- 
mately 0.43; in the fixed effects models, these parameter estimates drop to between 
0.16 and 0.19. Using the income response in the fixed effects models and an average 
income growth of 3.5 percent per capita, neutrally distributed, a counterfactual can 
be constructed using the 1996 DHS data. They indicate that the 26 percent malnutri- 
tion rate in that year would have declined to 25.2 percent in 2000, whch is somewhat 
below the observed level. Moreover, the small transfer embodied in the Vaso de Leche 
would by itself have a negligible impact of roughly 0.003 on average z-scores. 

However, as discussed in Das, Do, and Ozler (2005), in-kind or conditional 
transfers are expected to have a greater impact on behavior than indicated by an 
income transfer alone. If so, an adhtional direct impact from the Vaso de Leche 
expenditures would be expected above any impact on the level of expenditures. 
But the direct effect of program expenditures is negative in all of the models (Table 
5), although it is not statistically significant in any. Moreover, the parameter 
estimates are substantively small. Thus, overall there is no evidence that expendi- 
tures on the Vaso de Leche program have a direct positive impact on the 

12. These models were also estimated using an asset index constructed using factor analysis (Sahn and 
Stifel 2002) as a control for wealth. The results, which are qualitatively the same, are available on request 
from the authors. 



TABLE 4 .  Means of Variables Used in HAZ Models, DHS 1996 and 2000 

Pooled sample 1996 2000 

Standard Standard Standard 
Mean deviation Mean deviation Mean deviation Variable 

Percent stunted 
HAZa 

Per capita Vaso de 
Leche district expenditures 

Log per capita household 
expenditures (predicted) 

Male dummy variable 
Multiple birth dummy 

variable 
Birth order, second child 
Birth order, third child 
Birth order, fourth child 

'4 Birth order, fifth child 
Birth order, sixth child 

and above 

Age 0-6 months 
Age 7-12 months 
Age 13-18 months 
Age 25-35 months 
Age 36-59 months 

Share household 
members age 0-5 (%) 

Share household girls 
age 6-15 (%) 

Share household boys 
age 6-15 (%) 

(Continued) 





TABLE 4. Continued 

Variable 

Pooled sample 1996 2000 

Standard Standard Standard 
Mean deviation Mean deviation Mean deviation 

Father's education, 
postsecondary 

House floor dirt 
dummy variable 

$ Piped drinking water 
\O dummy variable 

Flush toilet dummy 
variable 

Urban dummy 
variable 

Number of 
observations 

aStandardized anthropometric height for age z-score (HAZ). 
Source: Authors' analysis based on data described in the text; see also appendix table A.1. 



TABLE 5 .  Reduced-Form Models of Height for Age z-score (HAZ) (Ages 0-59), Peru Demographic and Household Surveys 1996 and 
2000 

District fixed effects 

Time varying Time dummy Heteroskedasticity 
OLS (1) OLS (2) IV (3)" Iv (4) Identification (5) 

Coefficient t-statistic Coefficient t-statistic Coefficient t-statistic Coefficient t-statistic Coefficient t-statistic 

Per capita Vaso de Leche 
district expenditures 
Log per capita household 

expenditures (predicted) 

Male dummy variable 
Multiple birth dummy variable 
Birth order, second child 
Birth order, third child 
Birth ordeqfourth child 
Birth order,fifth child 

P 
o Birth order, sixthchild 

and above 

Age 0-6 months 
Age 7-12 months 
Age 13-1 8 months 
Age 25-35 months 
Age 36-59 months 

Share householdmembers 
age 0-5 (%) 

Share householdgirls 
age 6-15 (%) 

Share householdboys 
age 6-15 (%) 

Share householdwomen 
16-25 (%) 

Share householdwomen 
26-65 (%) 

Share householdmen 16-25 (%) 

(Continued) 



TABLE 5 .  Continued 

District fixed effects 

Time varying Time dummy Heteroskedasticity 
OLS (1) OLS (2) Iv (3)" nJ (4) Identification (5) 

Coefficient t-statistic Coefficient t-statistic Coefficient t-statistic Coefficient t-statistic Coefficient t-statistic 

Share householdmen 26-65 (%) 
Number of householdmembers 

Head is male 
Head is indigenous 
Mother's age 
Mother's agesquared 

Mother'sheight (centimeters) 
P 
2 Mother's education, primary 

Mother's education, secondary 
Mother's education, 

postsecondary 
Father's education, primary 
Father's education, 

secondary 
Father's education, 

postsecondary 
House floor dirtdummy 

variable 
Piped drinking waterdummy 

variable 
Flush toilet dummy variable 
Urban dummyvariable 

2.93""" 0,111 3.08""" 0.096 2.7""" 0.111 3.08""" 
5.30" * " District fixed effect Fixed effect Fixed effect 

0.110 3.07'";" 
Fixed effect 

(Continued) 



TABLE 5. Continued 

District fixed effects 

Time varying Time dummy Heteroskedasticity 
OLS (1) OLS (2) IV (3)" I v  (4) Identification (5) 

Coefficient t-statistic Coefficient t-statistic Coefficient t-statistic Coefficient t-statistic Coefficient t-statistic 

Constant -13.75 -22.12""' dummies dummies dummies dummies 
omitted omitted omitted omitted 

FONCODES index ( t  = 0) in IV equation 
FONCODES index ( t  = 1)in IV equation 
FONCODES index inIV equation 

F-statistic (Ho:instruments jointly 0) 
P 

X2 (Ho: OLS and IVestimates same) 
X2 (Breusch-Pagan test) 

Number of observations 19,053 19,053 19,053 19,053 19,053 

OLS, ordinary least squares. 
"Significant at the 90 percent level of confidence. 
""Significant at the 95 percent level of confidence. 
"""Significant at the 99 percent level of confidence. 
"Province-level fixed effects. 
Note: Instrument in IV models is district-level FONCODES index. 
Source: Authors' analysis based on data described in the text; see also appendix table A.1. 
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nutritional outcomes of young children-the group to whom the program is 
directed-using either the preferred approach (controlling for the initial condi- 
tions in communities with district fixed effects) or other models. 

In both of the standard instrumental variable models, the identifying instrument 
(FONCODES index of unmet needs) is significantly correlated with per capita district 
expenditures, and the instruments overall (including the time dummy variable) are 
jointly signhcant at the 1 percent level.13 The first-stage parameter estimates for the 
FONCODES index for both 1996 and 2000 in the time-varying instrumental variable 
model (model 3) are positive and strongly significant, with a larger effect in 2000. 
While this confirms that the instrument is valid in terms of its correla.tion with Vaso 
de Leche expenditures, it also implies that marginal program targeting is propoor 
(Lanjouw and Ravallion 1999). The positive parameter estimates for the instruments 
suggest that the incidence of inframarginal Vaso de Leche spending benefits districts 
with higher FONCODES indices-the poor benefit more from marginal increases in 
program spending that may not be distributed homogeneously across all districts. 

In model 5, the chi-squared statistic for the Breusch-Pagan test of heteroskedas- 
ticity is 699.9, implying that the data in the first-stage equation are heteroskedastic. 
Thus, following Lewbel(2004), the condition is met for consistent estimation of the 
impact of Vaso de Leche expenditures on child health. Although the methodology 
differs from that of models 3 and 4, the parameter estimate is similar. 

A few additional specifications were also tried (these are not shown here 
but are available from the authors). For example, while no average impact is 
observed in these regressions, it is possible that the impact is greater among 
the poor, where malnutrition rates are higher. Thus, the regressions were 
rerun for only the poorest 40 percent. The point estimates for ithe coefficient 
of per capita Vaso de Leche expenditures remained negative and were 
greater in absolute value for all of the models than the results reported in 
Table 5.14 Thus, there is no indication that the impact on the poor was masked 
by aggregation. Similarly, the results are unchanged when children under six 
months of age are excluded, to rule out the possibility that children who were 
being breast-feed would respond less to an in-kind s u b ~ i d ~ ~ ~ a n d  when the 

13. Durbin-Wu-Hausman chi-square tests that the OLS and instrumental variable estimates are the 
same are all rejected at the 5 percent level (table 5 ) .  

14. While probit analysis does not use all of the information available in the data since the variation in 
the continuous dependent variable is ignored when it is converted to a binary variable, the model was also 
tested with a probit analysis as the threshold to keep the focus on the malnourished. The coefficient of 
Vaso de Leche expenditures remained nonsignificant. 

15. In addition, the models were reestimated using other measures of nutritional status. The results 
were similar to the estimates presented here. More specifically, two measures were used: weight-for-height 
z-scores (WHZ), a measure of short-term nutritional status, and weight-for-age z-scores (WAZ), a 
composite of weight for height and height for age. A further test of robustness involved splittig the sample 
into urban and rural samples and estimating separate models. Since program leakage is higher in urban 
areas than in rural areas, a program effect might have been expected in rural areas, but the separate 
estimates did not differ substantially from those presented in this article. Therefore, an aggregation bias 
from pooling the urban and rural samples appears not to be driving the results. 
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parameters are allowed to differ across urban and rural areas in the fixed 
effects models. 

Nonsignificant coefficients in a population survey may mask a response if 
beneficiaries are a small share of the population. However, the program covers 
nearly half the population and two-thirds of the poor. Thus, more than 8,000 
individuals in the sample are beneficiaries of the program. Nonsignificant coef- 
ficients may also reflect imprecision in measurement. In this case, the confidence 
intervals-while narrow-do cross over into positive values. Still, at the largest 
positive value for the 95 percent confidence interval for the impact of 37 soles 
($11.50) of program expenditures per capita in, say, model 2, the program 
would increase z-scores by 0.09. 

This article looked for evidence that the politically popular focus on the provi- 
sion of milk to young children can further nutritional objectives. It studied 
expenditures on the Vaso de Leche feeding program in Peru, a program that is 
reasonably progressive in its distributional impact relative to international 
experience (Grosh 1994; Coady, Grosh, and Hoddinott 2004). The article was 
motivated by the paucity of evidence on the nutritional impact of similar 
programs worldwide despite the millions of dollars spent on them each year. It 
illustrates a methodology for linking public expenditure data with household 
survey data first to substantiate the targeting and then to model the determinants 
of nutritional outcomes of children to see whether Vaso de Leche program 
interventions have an impact on nutrition. 

In the models of standardized child heights, the magnitude of program 
expenditures provided to the community rather than household participation is 
used as an explanatory variable, solving the issue of endogenous household 
choice. Even when accounting for endogenous program placement with fixed 
effects models, and further with alternative approaches to instrumental vari- 
ables, Vaso de Leche program expenditures are found to have no impact on the 
nutritional outcomes of young children-the group to whom the program is 
targeted. 

The results do confirm that the Vaso de Leche program is reasonably well 
targeted to poor households and to households with low nutritional status: 
some 50 percent of the poor received program benefits, while less than 20 
percent of the nonpoor did. In value terms, more than 60 percent (possibly 
up to 75 percent) of the allocated Vaso de Leche budget goes to the poor. 
Therefore, the absence of a measurable impact on child growth is not likely 
explained by mistargeting. Indeed, given that the program expenditure has 
no observed impact on nutritional status other than that through any 
increase in household expenditures, further improvements in targeting are 
not by themselves likely to affect nutritional outcomes. To gauge this, the 
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effect of redistributing all of the Vaso de Leche benefits received by the 
nonpoor evenly among the poor was simulated using the household expen- 
diture coefficient from the district fixed effects models. Malnutrition rates 
decreased only 0.28 percentage points. 

One possible reason why the impact of food subsidies beyond their value as 
income transfers is limited may be the degree to which the commodity transfers 
are inframarginal. The 2002 Public Expenditure Tracking Survey data show that 
transfers of milk and milk substitutes from the Vaso de Leche program are 
inframarginal for approximately half the households that receive them. This 
can be only a partial explanation, however, since the results do not change 
when the estimates are confined to the poorest 40 percent, a group for which 
milk is less likely to be inframarginal. 

There are, however, other means by which a subsidy to milk might achieve 
an improvement in child nutrition. For example, milk fortification may be a 
promising way to address anemia; programs in Argentina, Chile, and Mexico 
currently fortify milk with iron to achieve this objective. Randomization of 
fortification in two dozen communities in Mexico verified the efficacy of this 
approach (J. Rivera, pers. comm.). However, this was not an objective of the 
Vaso de Leche program in Peru during the period being studied. 

Another possible approach to milk subsidies is to include them as part of a 
broader program for improving nutrition, as with the Women, Infants, and 
Children program in the United States. The review by Rivera, Hotz, and others 
(2003) and an earlier article by Garcia and Pinstrup-Andersen (1987) indicate 
the efficacy of supplementation programs that include nutrition education. 
Again, the Vaso de Leche program is not directly embedded in other interven- 
tions aimed at improving nutrition, so the current study cannot assess this 
possibility. Still, as this study (and the few similar studies in the literature) fails 
to find an impact on child growth from a subsidy on commercial milk products, 
the results reinforce the view that without additional measures dairy subsidies do 
not address the efficiency objectives of a transfer program in addressing malnu- 
trition. Despite being reasonably well targeted to the poor and malnourished, the 
Vaso de Leche program fails to improve the nutritional status of young children. 
The implication for Peru and for other countries is that where costly in-kind 
transfers are also largely inframarginal and not fortified with micronutrients, 
they offer little if any efficiency gains as measured by improved child nutritional 
outcomes. Under such circumstances, cash transfers could be less costly and 
potentially an equally effective means of achieving nutritional and other distri- 
butional objectives. 



APPENDIX T ABLE A. 1. Data Sources and Their Use in the Analysis 

Data source 

Information 
on Vaso 

Anthropo Welfarist de Leche Use in 
Type Year metrics metric participation analysis 

National Household Survey 
(Encuesta Nacional 
de Hogares, ENAHO) 

National Living Standards 
Survey (Encuesta Nacional 

P 
P 

de Hogares sobre 
Medicion de Niveles 
de Vida, ENNIV) 

Demographic and 
Household Survey 

Public Expenditure 
Tracking Survey 

Vaso de Leche program 
expenditure data 

Household survey 1998 No 
1999 No 
2000 No 

Household survey 1994 Yes 

1997" Yes 

Household survey 1996 Yes 

2000 Yes 
Expenditure 2001102 No 

tracking/household 
survey 

District-level records 1994-2000 

Income 
Income 
Income 

Consumption 

Consumption 

Asset index 

Asset index 
Asset index 

Indicators 
Indicators 
Indicators 

Indicators 

Values 

Indicators 

No 
All households 

surveyed are 
participants 

Income targeting 
Income targeting 
Income targeting 

Income and nutrition 
targeting 

Income and nutrition 
targeting 

Nutrition targeting 
and child nutrition 
models 

Child nutrition models 
Inframarginality analysis 

Nutrition impact 
regressions 

"Data set used by Ruggeri Laderchi (2001). 
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How Endowments, Accumulations, and Choice 
Determine the Geography of Agricultural 

Productivity in Ecuador 

Donald F. Larson and Mauricio Le6n 

Spatial disparity in incomes and productivity is apparent across and within countries. 
Most studies of the determinants of such differences focus on cross-country compar- 
isons or location choice among firms. Less studied are the large differences in agricul- 
tural productivity within countries related to concentrations of rural poverty. For 
policy, understanding the determinants of this geography of agricultural productivity 
is important, because strategies to reduce poverty often feature components designed to 
boost regional agricultural incomes. Census and endowment data for Ecuador are used 
to estimate a model of endogenous technology choice to explain large regional differ- 
ences in agricultural output and factor productivity. A composite-error estimation 
technique is used to separate systemic determinants from idiosyncratic differences. 
Simulations are employed to explore policy avenues. The findings suggest a differentia- 
tion between the types of policies that promote growth in agriculture generally and 
those that are more likely to assist the rural poor. 

Regional differences in incomes within countries are often striking and are 
similar in many ways to differences in average incomes among countries. Why 
inequality takes on spatially identifiable forms is thought to be related to the 
characteristics of place that constrain and influence current economic choice 
and to the historical influences of geography on accumulations of assets by 
families and communities. To a large degree, spatial differences in economic 
opportunity are locally recognized and motivate the movement of labor among 
economic sectors and the migration of households that are a ubiquitous aspect 
of economic development. Most noticeably, such movements take the form of 
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an out-migration from agriculture and a movement from rural to urban space 
(Larson and Mundlak 1997). 

At the same time, not everyone is positioned to take advantage of opportu- 
nities in other sectors or locations. Moreover, barriers such as up-front costs, 
risks, and asymmetries in information further constrain migration. When this is 
so, circumstances related to household and location characteristics can work in 
persistent and reinforcing ways to impoverish communities and regions. Com- 
monly, this gives rise to lagging regions with high concentrations of rural poor 
who depend substantially on agriculture for food and income. 

For policymakers, a key question is whether the aspects of disadvantaged 
areas can be changed through policies in a way that creates greater economic 
opportunity for poor households. Related to this is the question of how quickly 
policy can affect the underlying determinants of regional inequality. In particu- 
lar, the short-term efficacy of policy and the mutability of regional differences 
are expected to hinge on the degree to which geographic disparities in income 
depend on unchanging natural endowments, on quasi-fixed accumulations of 
public and private factors and institutions, and on policy-related incentives and 
constraints that shape how current resources are used. 

To some extent, the study of what makes some regions within a country less 
prosperous than others is related to the question of what determines interna- 
tional differences in growth and productivity. In this area of research, evidence 
from cross-country macroeconomic data suggests that growth and productivity 
are driven by broad state variables that determine productivity directly and also 
influence choices that affect accumulations over time. A similar conclusion is 
reached in studies that look at what determines productivity differences among 
manufacturing firms. 

This article takes another perspective and focuses on the determinants of 
spatial differences in agricultural productivity. It does so chiefly because lagging 
regions in poor developing countries usually have few linkages to sectors outside 
agriculture. Consequently, it is important to know whether policy instruments 
can be identified that bring about significant improvements in agriculture 
incomes. However, also of interest is the related question of whether results 
from cross-country and firm studies have counterparts in a study of what 
determines spatial income differences within a geographically pervasive sector 
of a single country. 

There are several advantages to studying both issues in the context of agri- 
culture in Ecuador. First, because disparities in agricultural productivity and 
incomes are large in Ecuador, the determinants of spatial inequality can be 
examined in the context of a sector that is important to Ecuador and in a 
framework that is different from that of other studies of regional inequality. 
Second, because census data are available, techniques can be employed that 
provide more focused measures of productivity and its determinants. Third, 
the role of endowments is more easily studied in the context of agriculture, 
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where soil and climate endowments are well measured and their potential 
contribution well identified. 

Most models of production, including related growth models, start with the 
assumption that observed income levels arise from a common technology.' The 
assumption is rooted in the firm-theory conditions required to derive a well- 
defined production function. However, the notion that all firms use the same 
method to produce creates logical tensions because very heterogeneous levels of 
productivity are often observed in practice.2 For studies based on farm data, 
differences in productivity can arguably be assigned to idiosyncratic differences 
in farms and farmers. However, in studies based on aggregate country or sector 
data, differences in the capability to apply available technology are attributed 
instead to identifiable country or sector traits. Even so, a common underlying 
technology is expected to prevail in the long run, and this notion has conse- 
quences for modeling approaches. 

One view, associated with the endogenous growth literature, suggests that 
output and productivity differences among nations and among firms are driven 
largely by differences in adopted technology.3 Because, in this view, the cost of 
technology diffusion is low and the benefits are high, countries and firms will 
converge to a common technology in the long run. Trade and open investment 
channels are expected to facilitate technology diffusion. Consequently, this 
literature generally sees initial conditions and the speed with vvhich new tech- 
nologies can be adopted as keys to development. Empirically, st~tdies of this type 
focus on short-run growth rates or rates of productivity convergence. 

A related literature sees technology adoption as less automatic and focuses on 
barriers (see Parente and Prescott 1994 and references therein). In a similar way, 
the economic geography literature argues that the costs of adopting new produc- 
tion methods are often specific to location, potentially creating a range of 
barriers to adoption that vary geographically (see the survey by Henderson, 
Shalizi, and Venables 2001). In particular, local information about techniques 
and local-factor markets that support particular forms of production is seen as 
the basis for spillovers that contribute to productivity and become a force 
concentrating on economic activity. Transaction costs, the location of endow- 
ments, and history play a role as well, creating a shifting set of incentives for 
centers of economic activity. 

1. Griliches (1996) provides a history of early efforts to measure productivity, including a review of 
early structural models. Mundlak (2001) reviews agricultural production modeling. 

2. See related criticisms raised by Stigler (1976). 
3 .  See early studies by Mankiw, Romer, and Weil(1992) and Barro and Sala-i-Martin (1992). Klenow 

and Rodriguez-Clare (1997) and Brock and Durlauf (2001) provide reviews. 



The relationships among transaction costs, markets, and the capacity of 
governments to protect property rights and enforce contracts are the focus of 
another related set of studies that emphasize the role of institutions (North 1994; 
Hall and Jones 1997). Although expensive to build and maintain, institutions are 
expected to contribute to growth in several ways. Institutions are expected to 
reduce the risk of diversion or expropriation and to facilitate capital, insurance, 
hedging, and other related markets that allow risks to be shared. Reducing and 
sharing risks allow for anonymous exchange, increasing competition, and redu- 
cing marginal transaction costs. Dynamically, the workings of institutions allow 
for faster rates of accumulation of human and physical capital, which contribute 
directly to greater output. 

Ideas related to institutions and economic geography are integrated with 
growth modeling in several studies designed to identify the deep-seated determi- 
nants of growth (Sachs and Warner 1997; Bhattacharyya 2004; Rodrik, 
Subramanian, and Trebbi 2004). In these studies, factor inputs are viewed as 
proximate endogenous variables because investment and other choices related to 
factor accumulation are influenced by the same conditioning variables that 
determine productivity. For this reason, these studies sometimes take an empiri- 
cal approach that excludes factors as a determinant of production growth and 
instead rely on reduced-form applied models expressed in terms of the condi- 
tioning variables alone. 

With this literature in mind, a model is developed in the following section in 
which production techniques are endogenous, although potentially constrained 
by available technology. The applied model includes many variables related to 
endowments, institutions, communities, and households that are expected to 
describe the decision environment that determines which of the available tech- 
nologies is applied. Because some of these determinants are related to geographic 
features that cannot be affected by policy, the relative importance of these 
features in explaining regional income disparities is examined. 

To some extent, the variables used to describe the decision environment are 
related to the types of variables viewed as the fundamental or deep determinants 
in the growth literature. This makes possible an exploration of whether the same 
basic notions about what determines income differences among countries hold in 
explaining regional differences in agricultural incomes. Because cross-sectional 
data are used, the study does not look at the dynamic relationship between factor 
accumulation and broad determinants of productivity. However, it does focus 
on the relative roles of factor use and technology choice to draw inferences about 

- ~ 

how quickly changes in these conditioning variables affect incomes. 
This has relevance for policy because policies tend to work through the 

aspects of the conditioning environment. To the extent that current output is 
determined primarily by factors of production, the role of policy will be limited 
to its effect on the rates of accumulation. In this case, the benefits of improved 
policy will accrue slowly, and previous policies, embodied in current stocks of 
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accumulated factors, will determine outcomes largely in the short run. Alterna- 
tively, if policy directly affects the choice of technique, changes in policy can 
affect growth through productivity increases that are immediate and additional 
to long-run effects. 

The starting point for the applied model is Mundlak's (1988), 1993 model of 
endogenous implemented technology. The model accommodates heterogeneous 
production technologies, based on the assumption that the choices that produ- 
cers make regarding which technology to apply, and therefore which inputs to 
use, are conditioned by earlier decisions, manifested in quasi-fixed factors, and 
by the decision environment in which the producers operate. Because the aspects 
of the decision environment vary among producers, a set of microeconomic 
production solutions results, each potentially characterized by a different tech- 
nology. 

Using the vectors y: to denote production, s to denote state variables that 
characterize the decision environment, and x* = X(S) to denote inputs, the 
aggregation of output can be written as a function of s alone, where 
C y: - F(x*, S) - @(s). In general, the production function is not identified. It 
is however possible to find an approximating aggregate function, F(x,s), based 

~~ ~ 

on the assumption that observed differences in input allocations are associated 
with different implemented technologies conditioned on s. Operationally, the 
result is an approximating empirical representative model of production, where 
elasticities are functions of the state variables and possibly of the inputs. This is 
written as In y = r ( s )  + B(x, s), where y is output, B(x,s) represents a production 
technology that depends jointly on production factors and state variables, and 
r ( s )  represents a vector of additional productivity effects that depend on state 
variables alone. In this framework, productivity and the marginal contributions 
of inputs to output are endogenous and arise in response to the changing 
decision environment. 

The applied model provides functional form to the conceptual model. Because 
the production technology function B(x,s) potentially depends on the input and 
state variables, it is modeled as a flexible combination of the factors and 
exogenous state variables: 

The additional systemic state-specific productivity effects are modeled as a 
linear combination of the state variables, r ( s )  -- En a , l n ~ , . ~  The model is 

4. Although, in principle, the state variables are measured as log transformations, most state variables 
used to estimate the model are either discrete or expressed as a proportion. 
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completed by adding a farm-specific idiosyncratic productivity term, e. The 
applied model is therefore given by: 

In anticipation of the discussion of the data used to estimate the applied 
- - 

model, additional comments about the model are in order. Because cross-sec- 
tional data are used to estimate the model, farm-specific subscripts are implicit in 
equation (2). Some state variables relate to location or to ecological measures 
that are repeated over subsets of households, and thus it is possible to denote 
these using location-specific subscripts instead. Later this relationship is used to 
distinguish farm and household effects that are independent of effects related to 
geography. 

The idiosyncratic term in equation (2) is given a specific form that is moti- 
vated by a potential constraint imposed by the set of available technologies from 
which the endogenous applied technologies are chosen. To see this, consider the 
stochastic productivity measure: 

Implicit in the endogenous applied technology framework is the notion that 
some states will result, through technology choice, in higher levels of total factor 
productivity than others. This is reflected in the deterministic component, T(s). 
However, productivity may be additionally affected by an idiosyncratic compo- 
nent related to unobservable characteristics of the farm or farmer. Without the 
loss of generality, it is possible to rank the deterministic component of produc- 
tivity to say something about the idiosyncratic term. 

The output outcome associated with the highest level of productivity can be 
labeled Po* = I'(so), and a conditioned measure of inefficiency with deterministic 
and idiosyncratic components u; = Po* - P,* can be calculated for each observa- 
tion. If the conditional technology that produces Po* is binding in the sense that 
no greater output is feasible, the expected value of the inefficiency term will be 
non-negative. For a given set of state variables, producers might be expected to 
make the best of their available resources, so that the productivity outcomes 
cluster near the limiting technological frontier. However, relatively large ineffi- 
ciencies are possible, in which case the distribution of the inefficiency term may 
be skewed as well as truncated. 

The notion that stochastic productivity is constrained has motivated a series 
of applied stochastic frontier models. Generally, applied frontier models treat 
stochastic departures from the frontier as inefficiencies in the application of a 
single technology. This differs conceptually from the model developed here, 
where applied technologies are endogenous. Nevertheless, in a way that is 
similar to statistical frontier models, productivity in the applied model is sto- 
chastic and potentially constrained in a manner that would result in 
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idiosyncratic terms that have a skewed distribution. Consequently, the estima- 
tion techniques associated with frontier models can be used to potentially 
improve the estimation of the proposed model. 

Specifically, the stochastic component of the model can be more fully speci- 
fied as e - u - u, so that the error is composed of a symmetric normally dis- 
tributed error term, u, and a non-negative random term, u. By convention, the 
composite error is expressed as a difference between the two components. 
Consequently, all other things equal, lower values of u are associated with higher 
levels of output. 

To estimate the composite-error model, it is necessary to assign a specific 
underlying distributional form to the unobserved distance term, u, to separate it 
from the also unobserved random component, u. For reasons that are developed 
later, a normal-truncated-normal composite error is specified, where 
u - iid N(O, a:) and where u - iid N+ [p(z), a:], where p = Ckdkzk. Using this 
specification, the distribution of the idiosyncratic productivity term can be 
modeled as conditional on additional variables. This feature is used later to 
include related endogenous variables that are expected to influence productivity. 

Less complex error structures are nested within the normal-truncated-normal 
distribution given above. First, when p = 0, the two-parameter truncated-normal 
distribution collapses to the single-parameter half-normal, that is, 
u - iid N+ [0, a:] (Stevenson 1980). Additionally, when E(u) = 0, the composite 
error can be represented by a single symmetric distribution, and simpler estima- 
tion techniques can be used. A variety of tests have been devised to test for the 
composite-error structure, as discussed after the following revie~lv of data used to 
estimate the model. 

Farm and household data used in the analysis are taken from the 2000 Third 
Agricultural Census of Ecuador. The data are generated by a complete census of 
large-scale farms and a large representative sample of smaller farms. The com- 
plete survey contains observations on more than 128,000 farms and is represen- 
tative at the canton level. This study used data on the nearly 108,000 farms in 
Ecuador that produce field crops. The census contains information about phy- 
sical output, land use, labor, and production methods, as well as key information 
related to marketing. Information about farming households is collected as well. 
Output prices are not part of the survey, although detailed spatial data on farm 
products are available from ongoing producer price surveys by the IVational 
Institute of Statistics and Census. How these data were matched with the 
physical output data is explained in a supplemental appendix (available at 
http://wber.oxfordjournals.org/). The census data were also supplemented with 
environmental and climate data from the Sistema de Monitoreo Socioambiental 
Ecuatoriano (Ecociencia 2002). These data were matched with the census data 



at the canton level. After the data sets were matched, observations with incon- 
sistencies were dropped. Large-scale plantations were also excluded, leaving a 
sample of 107,269 farms. The variables used to estimate the model are described 
briefly below. 

Production is measured as valued crop output and is calculated for each farm 
by matching spatial price data with production quantities from the census. This 
measure does not include livestock production, although livestock production 
enters into the analysis as a conditioning variable. The factors of production- 
variables related to land, labor, and capital-are taken directly from the census 
and measured as quantities. 

The census distinguishes between irrigated and rainfed croplands, and the 
share of cropland irrigated is included as an explanatory variable. The census 
data also reveal whether additional inputs, including fertilizers, pesticides, and 
improved seeds, were used in combination with irrigation or applied to rainfed 
land. The census does not indicate quantities of inputs applied but reports the 
surface area receiving inputs. In practice there is less variation in the data than 
the questionnaire might suggest, as the share of irrigated or rainfed land receiv- 
ing additional inputs is frequently either zero or one, especially for small- and 
medium-scale farms. Moreover, when additional inputs are used, they are gen- 
erally used in combination. Consequently, the share of rainfed land and the share 
of irrigated land receiving fertilizer are included as separate explanatory vari- 
ables and taken as an indicator of additional input bundles. Specified in this way, 
the marginal effects of shifting into irrigation land that is already in production 
and the separate marginal effects of applying additional inputs to rainfed or 
irrigated lands can be identified. 

Labor is given as the number of workers. The data distinguish between family 
members who work on the farm and hired workers. The census also notes the 
number of seasonal workers for farms that employ them. The census provides 
data on farm machinery used on each farm but does not provide sufficient 
information to calculate a standard representation of on-farm capital. Therefore, 
the number of vehicles-tractors, trucks, and related machinery (thrashers, 
plows)-used on each farm is a proxy for on-farm capital. 

The state variables fall into three broad categories: farmer characteristics and 
social capital, markets and institutions, and nature and risk. The farmer char- 
acteristics and social networks include three household measures. One is a 
measure of the farmer's formal education, the second is of the level of agricul- 
tural education, both measured in years, and the third is a discrete variable 
indicating the gender of the primary farmer. Two variables capture social 
capital. One is a discrete variable that indicates whether the farmer has received 
assistance from a gremio, a type of voluntary producer association common in 
Ecuador. The other variable indicates whether an indigenous language other 
than Spanish is spoken at home and is meant to capture the effects of belonging 
to an indigenous ethnic group. 
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The second set of state variables captures the influences of markets and 
government services. Included are private markets for credit and technical 
assistance, intermediate buying arrangements, and participation in output mar- 
kets. An additional variable signals whether the farm is isolated from markets 
and is set to one when the nearest market is 90 minutes or more away. Conse- 
quently, the variable captures both distance to market and the quality of the 
transportation system. Three variables capture differences in government ser- 
vices. Two are discrete variables indicating whether the farm has received 
technical assistance from the government and whether the government has 
provided credit. A third, a continuous variable, gives the share of farmland 
that is titled. 

The third set of state variables captures nature and risk. The indicators of 
nature include climate and topology measures. The climate measure is the ratio 
of average precipitation to moisture lost from the soil due to kvaporation and 
transpiration at the canton level. The measure is used to classify canton climates 
as aridtdry, moist, humid, or wet, following the classifications used by the 
United Nations Convention to Combat ~esertification.~ The topology measure 
is related to steeply sloped land in Ecuador and is reported as the percentage of 
canton area at risk of eroding. Two variables are related to production and 
income risk. One is the historic coefficient of variation in rainfall. The other is 
the share of farmland devoted to uses other than crops, a measure of diversifica- 
tion, a common risk mitigation strategy. 

The census data reveal a wide range of scale for agriculture in Ecuador. 
Production technology choices likely vary in ways related to scale, as indicated 
by the descriptive statistics reported in table 1. The table contains sample 
averages and median values for three quantiles, which are based on farm area 
under field crops. First-quantile farms are very small; crops typically cover about 
two-thirds of a hectare and range up 1.5 hectares. Middle-quantile farms are 
typically 3 hectares in size, and the largest farms in the group are under 5 
hectares. The third quantile contains a wide range of farms, including large- 
scale commercial farms of nearly 400 hectares. 

Revenue per hectare from crops in Ecuador averaged $676 for the census year 
and increased with scale, from $472 for small-scale farms to $1,031 for the 
largest farms. The number of workers per farm increased with scale as well, but 
not proportionally. Small farms had more than five full-time workers for every 
hectare of land, whereas large farms had more than 3 hectares of land for every 
full-time worker. The decline in labor with scale was matched by an increase in 
capital.6 Differences among the remaining variables in table 1 are small. The 
average share of cropland irrigated is slightly higher on small farms than on 
medium- and large-scale farms. The rates of fertilizer application on irrigated 

5. Details of the climate classifications are available at www.unccd.entico.com/english/glossary.htm. 
6. The movement of labor out of agriculture and capital into agriculture is a pervasive pattern 

associated with economic growth; see Mundlak, Larson, and Crego (1998). 



TABLE 1. Descriptive Statistics, by Farm Size 

Small Scale Medium Scale Large Scale All Farms 

Number of farms 
Median size of cropland 
Farm averages 
Crop revenue per hectare (US$) 

Cropland (hectares) 
Family workers 
Hired workers 

Capital index 
Average shares . 

Share of full-time workers 
who are family members 
Share of hired workers 
who are seasonal 
Cropland irrigated 
Irrigated cropland with fertilizer 
Rainfed cropland with fertilizer 
Landholdings titled 

Sotrrce: Authors' analysis based on data described in text. 

lands are relatively low, but similar across scale; fertilizer use rates were higher 
on rainfed land. 

IV. ESTIMATION RESULTS 

The model was estimated using the data described above. In some cases, input 
variables such as hired labor take on zero values. To handle this in a log-based 
functional form, we used a set of corresponding dummy variables, based on an 
approach suggested by Battese (1997). To address possible differences in the 
distribution of the composite error due to scale, we also added dummy variables 
to the set of variables determining u. With these modifications, the final model 
contains 11 8 parameters. Of these, 68 percent are individually statistically 
significant. To keep the discussion of the estimation results manageable, we 
calculated mean-value elasticities from the estimated parameters, and these are 
discussed below. The full set of estimated parameter results are given in tables 
S.l and S.2 of the supplemental appendix. 

Before the derived elasticities are discussed, results related to the composite- 
error specification should be mentioned. The composed form of the stochastic term 
may arise when the distribution of the farm-specific idiosyncratic components of 
productivity is skewed and truncated by a binding technology. The results from 
two tests are reported, and both are consistent with this characterization. 
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TABLE 2 .  Tests of the Composite-Error Structure 

Test Score 

Parameter estimate, d(y) 
Coelli's test statistic 

Note: Numbers in parentheses are standard errors. 

"Results are significant at  the 1 percent level. 

Source: Authors' analysis based on  data described in text. 

The first test is based on a statistic constructed from the variances of the two 
composite-error terms, y = u:/(u: +a:). When y = 0, the composite-error 
model is indistinguishable from a model with a symmetrically distributed error 
term, and thus a test of the statistical significance of y constitutes a test of the 
composite-error specification. The test is easy to perform, because a related 
parameter, d(y), appears as a parameter in the model's likelihood function. 
The estimated value of the parameter is statistically different from zero, lending 
support for the assumed composite form (table 2). 

Even so, because y is tied to estimates of the composite-term variances, the test is 
conditional and potentially sensitive to how the composite error is specified. For &s 
reason, a second test was applied, based on an approach developed by S c h d t  and 
Lin (1984) and modhed by Coelli (1995). The related test statistic is based on least 
squares residuals and consequently is independent of prior assumptions about the form 
of the composite error. The calculated statistic is also sigdicant (table 2). Moreover, 
the test-statistic value is negative, which is consistent with a clustering of production 
technologies around a binding technological frontier (Coelli 1995, p. 253). 

Elasticity Estimates 

Elasticities and standard errors, calculated from estimated model coefficients 
and sample averages, are reported in table 3 for the four factors of production, 
for qualitative differences in the factors, and for state variables. 

The factor elasticities relate to the slope function, B(x,s) .  Because the elasti- 
cities are functions of both state and input variables, each farm is potentially 
associated with a different set of factor elasticities. In this sense, the elasticities 
reported in table 3 represent average effects across technologies. 

The mean-valued factor elasticities in table 3 are all significantly different 
from zero. They sum to 1.159, suggesting increasing returns to scale for a typical 
farm in ~cuador.' The elasticity for family labor is positive, but quantitatively 

7. It is also the case that the underlying parameters used to calculate the elasticities are collectively 
different from zero at standard confidence levels and that average returns to scale are different from 1. The 
elasticities for family and hired labor are statistically different from one another as well. See supplemental 
appendix table S.4. 



TABLE 3 .  Elasticities Calculated at Mean Values 

Elasticity Standard Error 

Production factors 
Family labor 
Hired labor 
Cropland 
Capital 
Returns to scale 

Factor characteristics 
Irrigation 
Additional inputs on irrigated land 
Additional inputs on rainfed land 
Seasonal labor 

State variables 
Formal education 
Agricultural education 
Female head of housea 

Indigenous ethnicitya 

Participates in output marketsa 

Sells to intermediate buyera 

Isolated from marketsa 

Assistance from the gremioa 

Precipitation variation 
Land diversification 
Moist climatea 

Humid climatea 

Wet climatea 

Risk of erosiona 

*Significant at the 5 percent level; ""significant at the 1 percent level. 
"Discrete variable. 
Source: Authors' analysis based on data described in text. 

less that half that of hired labor.8 The land elasticity is about as large as the 
combined elasticities of the other production factors. The elasticity on capital is 
lower than might be expected, although the estimated value is consistent with 
cross-country studies that have relied on proxy measures of capital (Mundlak, 
Larson, and Butzer 1999). 

Estimates related to qualitative differences in the factors suggest that bringing 
an additional 1 percent of existing cropland under irrigation increases output by 
0.2 percent. Applying chemical inputs to irrigated land brings about a slight 
increase in output. The elasticity for chemical inputs on rainfed land is signifi- 
cantly higher and in line with fertilizer elasticities estimated from cross-country 

8. As an anonymous referee pointed out, the marginal value product for family labor, given by the 
average product times the elasticity, is less than 15 percent that of hired labor at sample averages. 
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data. Supplementing full-time labor with seasonal workers lhas a small but 
statistically significant effect on output. 

The elasticities reported in the bottom block of table 3 relate to the systemic 
state-specific productivity effects, I'(s). Because the state variables also affect the 
factor elasticities related to B(x,s), the reported elasticities are partial and 
capture only the direct effect of the state variables on output and productivity. 
The role that the state variables play in determining factor elasticities is discussed 
later. 

Although many of the state-variable elasticities are statistically significant, 
most are quantitatively small. Both general education and education related to 
agriculture have a small but positive effect on productivity. Productivity among 
households headed by a woman is lower, perhaps because this group includes a 
disproportionate number of single-parent households. Productivity does not 
differ significantly by ethnic group. The dummy variable that distinguishes 
between farmers who produce for market and those who do not is significant 
and quantitatively large, but because more than 90 percent of farmers in Ecua- 
dor already participate in output markets, the variable is less interesting for 
policy. Productivity is higher for farmers who participate in a marketing 
cooperative, but other variables related to marketing are not statistically sig- 
nificant or quantitatively large. Productivity is less for farms subject to greater 
rain variability and also for farms that diversify out of crops, a result consistent 
with the notion that some costs associated with risk take the form of forgone 
opportunities. The effects of climate and erosion risk are significant and similar 
in size. 

As discussed, measured productivity includes both the systemic component, 
I'(s), and a stochastic term, 6 ,  which includes the non-negative idiosyncratic 
term, u. To a degree, the idiosyncratic component of productivity relates to 
farm or farmer characteristics that cannot be observed. However, it is likely that 
some variables that ultimately affect technology choice and productivity are 
determined by a process that links these observed variables to the unobserved 
idiosyncratic characteristics of the farm or farmer. The most discussed example 
is access to credit, with the likelihood of receiving credit expected to be related to 
a borrower's unobserved entrepreneurial and cognitive abilities (McKernan 
2002; Khandker and Faruqee 2003). However, related arguments have been 
made about the provision of government technical assistance (Godtland and 
others 2004) and land titling (Deininger and Chamorro 2004). For these reasons, 
some state-like variables are endogenous and therefore stochastic and are related 
to the idiosyncratic component of productivity. Consequently, a set of codeter- 
mined variables are included in the specification of e. These correspond to z in 
the model presented in Section III.~ 

9. This approach, believed to be novel, retains information about the stochastic component of the 
related endogenous variable. This information is stripped away in traditional approaches designed to 
construct nonstochastic proxies that can be treated as deterministic explanatory variables. 



TABLE 4. Z-Variable Coefficients and Calculated Elasticities 

Elasticity Coefficient Standard Error 

Technical assistance, privatea 0.045 -0.501 0.069"" 
Credit, privatea 0.075 -0.848 0.080"" 
Share of land titled 0.034 -0.363 0.034'" 
Technical assistance, publica 0.007 -0.077 ' 0.086 
Credit, publica 0.025 -0.270 0.105'* 
Medium scalea 0.048 -0.525 0.038"" 
Large scalea 0.106 -1.213 0.055"" 

"Significant at the 5 percent level; "'significant at the 1 percent level. 
Note: Elasticities are calculated as discrete changes. 
"Discrete variable. 
Sotrrce: Authors' analysis based on data described in text. 

The five endogenous variables included as determinants relate to private 
market access for credit and technical assistance and access to public programs 
for credit, technical assistance, and land titling services. Additionally, two 
dummy variables are included, which correspond to the second (medium) and 
third (large) cropland quantiles, to account for possible differences in the dis- 
tribution of the stochastic productivity measure related to scale.'' 

Related coefficients from the estimated model are summarized in table 4. As 
discussed, frontier production models conventionally represent the non-negative 
component of the composite error as a departure from the efficiency frontier. 
Consequently, the negative coefficients in table 4 indicate that these variables are 
associated with a reduction in the mode of the inefficiency distribution and, all 
other things equal, an increase in output. As table 4 summarizes, all coefficients 
are negative and all but the coefficient on public technical assistance are statis- 
tically significant. 

Although indicative, the coefficients themselves are a very rough measure of 
how shifts in the distributional mode of u affect output. This is because the 
average effect of the stochastic productivity component is determined not only 
by the mode of the distribution but also by the overall shape of the distribution, 
especially the point of truncation. For this reason, discrete changes in the pre- 
dicted value of u are used to calculate output elasticities, rather than relying on 
an evaluation of the elasticities at a single point along the distribution. 

Because for each farm observation f the estimated model provides predictions 
of uf conditional on vf, the average effect of a discrete change in the z variables 
can be calculated. This is done by using the estimated model to simulate the 

10. Larger farms and larger endowments of managerial skill are potentially related. However, 
heteroskedasticit~ related to variance of the strictly positive efficiency term will also affect its mean, so 
there are mechanical reasons for including the terms as well. 
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effect on each ufof switching in sequence each zk  from zero to one, holding other 
values constant, so that Aln y/Azk = - A U ( ~ , , , ~ , ~  . Average effects, Auk , can be 
calculated over all observations or any subgroup of farms. Given the specifica- 
tion in equation (2), the calculated difference is similar to the coefficient on a 
dummy variable in a semilogarithmic equation; consequently, mean elasticities 
are given by ~k = exp(Aiik) - 1 (Halvorsen and Palquist 1980). 

Elasticity estimates based on the procedure outline above are also reported in 
table 4. Among these, elasticities associated with private market access to credit 
and technical assistance are large relative to public program elasticities and to 
some state-variable elasticities. This is noteworthy, because these effects are 
additional to past accumulations of physical or educational capital. Among the 
public programs, land titling has the largest effect on output. Although the 
elasticity on access to credit through public programs is smaller than the elasti- 
city associated with private credit markets, the results suggest that credit pro- 
grams have a measurable impact. In contrast, the measured effect of public 
technical assistance programs is quantitatively small and statistically insignif- 
icant. 

Because the implicit small-farm dummy variable is suppressed in the esti- 
mated model, the elasticities associated with the remaining quantile dummy 
variables can be interpreted as differences from the efficiencies found on small- 
scale farms. The results indicate that as the amount of land brought under crops 
increases, inefficiencies decline in a way that is separate from the returns to scale 
or the related effects of increasing factor use. That is to say, for a given set of 
factors and conditioning state variables, larger farms tend to cluster more closely 
to a frontier that is presumably limited by technology. This has policy relevance 
because it suggests that innovations in technology will especially benefit larger 
farms that are currently constrained by available technology. The results also 
suggest a potential to improve agricultural incomes by identifying constraints 
that lead smaller farms to choose less efficient technologies." 

Choice and Factor Elasticities 

In the conceptual model, technological choice is expected to affect both total 
factor productivity and the marginal productivity of factors. In the applied 
model, state variables are used to measure these influences. As discussed, one 
consequence is that measured values of total factor productivity take on geo- 
graphic patterns because some determining state variables are location specific. 
To a degree, this is also true for measured factor elasticities. Nevertheless, factor 
elasticities depend on combined factor levels in addition to state variables, so 
that geography may play a relatively smaller role. 

As a practical matter, it is possible to use parameters from the applied model 
to quantify the relative contributions of factors and state variables in 

11. Key results are robust to alternative specifications. See tables S.4-S.6 in the supplemental 
appendix. 



determining factor elasticities. To illustrate, consider the effect on output of a 
change in the first input: 

Of the three terms on the right side of equation (4), the first two are the portion 
of the factor elasticity that is due to input levels, whereas the last term captures 
changes due to state variables. 

Using the approach illustrated in equation (4), factor elasticities were calcu- 
lated based on variable averages from each of the three farm scale quantiles. The 
elasticities were further decomposed into factor and state-variable effects. Over- 
all, the results suggest that factor elasticities are determined largely by input 
levels (table 5) .  This can be seen in the returns to scale elasticity, which sum- 
marizes the sometimes offsetting changes in the underlying composition of 
elasticities. The returns to scale elasticity falls slightly as scale increases, and 
both the absolute values of the elasticities and the direction of change are driven 
by factor effects. Moreover, for medium- and large-scale farms, the state vari- 
ables largely account for differences from constant returns to scale. 

For small farms, measured differences between the elasticities of family and 
hired labor are large, but the gap closes as more land is brought under produc- 
tion, operating mostly through factor effects. However, for hired labor, the 
complementary effects of state variables on the elasticity of labor increases 

TABLE 5 .  Decomposition of Production Elasticities, by Farm Size 

Small Scale Medium Scale Large Scale 

Elasticity 
Family labor 

Due to factors 
Due to state variables 

Hired labor 
Due to factors 
Due to state variables 

Cropland 
Due to factors 
Due to state variables 

Capital 
Due to factors 
Due to state variables 

Returns to scale 
Due to factors 
Due to state variables 

Technical efficiency 

Source: Authors' analysis based on data described in text. 
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with scale, preventing the gap from closing further.12 Differences in cropland 
elasticities are not large among the three quantiles and are driven by a slight 
decline due to factor effects. The elasticity of capital increases rapidly between 
the first and second quantiles, whereas the state-variable effect falls between the 
second and third quantiles. 

As discussed, the estimated parameters suggest that the distribution of u shifts 
with scale. There are additional determinants of the distribution relating to 
markets and government programs, and related average participation rates 
vary among the three scale quantiles as well. The combined effect is reflected 
in the summary measure of technical efficiency, Tg, which is a quantile average 
of the farm-specific measures of technical efficiency, ~ [ e x ~ ( - z i f  lvf:l] (table 5) .  
Generally, access to markets and government programs increases with scale, 
although the resulting elasticity differences are small. Consequently, the distri- 
butional determinants combine to produce rates of technical efficiency that 
increase with scale.13 

This section turns to a key motivation of the article, explaining observed regio- 
nal differences in output and productivity. The analysis relies on the estimated 
model, which is used to map observed differences in factor use and the con- 
ditioning state variables to observed differences in output. This allows a decom- 
position of differences in revenue among typical farms of each region into factor 
and productivity effects. In addition, spatial differences in factor productivity are 
further decomposed into effects that correspond to the following classes of the 
state variable: household characteristics and social capital, nature and risk, and 
markets and institutions. From a policy perspective, this approach complements 
the elasticity discussion, which focused on which factors are most important in 
determining agricultural output and productivity. This analysis explores how 
differences in the spatial array of factors and state variables combine to generate 
observed spatial differences in output and productivity. 

Broadly, the simulation strategy is to construct regional and national repre- 
sentations of farm output and to use those representations to measure the 
relative importance of factor use and productivity in explaining average revenue 
differences among regions. Specifically, for each classification of farm scale 
(small, medium, and large), national averages are calculated for the vector of 
production factors (z,), state variables (G), z-variables (z,), and also provincial 
averages (x;, sf, and q). To take into account the indirect role of state variables 

12. Calculated marginal value products follow the same pattern, but in a more dramatic fashion. 
Estimated marginal value product for family labor is roughly 1 percent that of hired labor for small farms 
and close to 70 percent for large farms. 

13. Details about participation rates are summarized in table S.6 in the supplemental appendix. 



in the factor marginal products, we calculated elasticities are calculated based on 
the regional averages and coefficients from the model. 

Let ~Pp(/3) represent input factor elasticities evaluated at /~(z,R, sf), and let 

~;~(b(r) represent the systemic productivity elasticities evaluated at I?(%:). Fol- 

lowing the approach noted earlier, regional idiosyncratic productivity elastici- 
ties, E ~ ~ ( u ) ,  are calculated based on regional quantile averages of uXz). 
Consequently, the calculated productivity measure includes systemic differences 
due to differences in the level of state variables plus regional differences in the 
distribution of idiosyncratic efficiencies. 

Expected differences in regional (R)  output for each farm classification (q) can 
then be expressed as 

where the change in factor use is given by 

and the change in total factor productivity is given by14 

For each class of farm, the exercise explains how differences in the distribution 
of factors and state variables result in differences in agricultural output. The 
simulation results are detailed and cover each of the 21 provincial areas of 
Ecuador. To conserve space, we reported only summary results here.15 

The results illustrate the differences in regional output and productivity in 
Ecuador (table 6). Across all sizes of farms, regional differences average about 
17 percent in absolute terms. In a mechanical way, output differences can be 
attributed primarily to factors generally and to land specifically. However, this is 
partly because the farm-size classes are based on area under crops. The first and 
third quantiles contain the tails of the underlying distribution of land among 
farms and therefore contain greater variation. After adjusting for land, output 
differences related to more intensive use of capital and labor inputs and those 
related to productivity are similar on average. 

Still, the averages mask differences related to scale. With increases in scale, the 
role of productivity in explaining regional differences diminishes, whereas effects 
tied to factor intensification become more pronounced. This can be seen 

14. The z variables and some state variables are expressed as shares (for example, share of farm land 
titled) and are therefore not converted into logs. 

15. Detailed results are summarized in tables S.7-S.12 in the supplemental appendix. 



Larson and Ledn 467 

TABLE 6. Average Absolute Differences in Regional Output and Related 
Determinants, by Farm Size 

Small Scale Medium Scale Large Scale All Farms 

Output 
Factors 

Land 
Capital and labor 

Productivity 
Public programs 
Households 
Markets and networks 
Risk 
Nature 

Note: Differences are expressed as shares of national average output value by scale. 
Source: Authors' analysis based on data described in text. 

graphically in figure 1, where the circles mark simulated differences due to 
capital and labor and the squares mark productivity effects for each of the 21 
geographic areas in the data. For small-scale farms, the factor and productivity 
effects are commingled. In moving along the figure from the small- to medium- 
to large-scale farms, it can be seen that the state-variable effects begin to shift 
closer to zero, whereas the spread in capital-plus-labor effects increases. 

The productivity effects can be further decomposed by the underlying deter- 
mining state variables (table 6). The results suggest that the three public pro- 
grams included in the model explain little of the observed regional differences in 
output, regardless of scale, even though the elasticities on the credit and titling 
programs were of moderate size. For credit, this is because program penetration 
is limited--only 2 percent of farms receive credit through this program. For 
titling, there is little regional variation, because most farmland in most provinces 
is titled. The effect of differences in household characteristics accounts for about 
2 percent of regional output for small farms and less than 1 percent for large 
farms. Differences in the use of markets and networks accounts for about 4.5 
percent of regional output among small farms, 2.5 percent among medium-scale 
farms, and less than 1 percent among large farms. The effects of risk, as given by 
the variation in rainfall and the effects of diversifying land use, have a limited 
role in explaining regional differences. In contrast, nature, as measured by 
differences in climate, soil conditions, and slope characteristics, is an important 
determinant of output differences. 

To summarize, the simulation results suggest that differences in applied 
technologies, conditioned by the state variables and associated .with productiv- 
ity, diminish as farms become larger in scale and more intensive in other inputs. 
Of the differences attributable to productivity, nature is an important 



FIGURE 1. Simulated Differences in Output Attributable to Factor Intensifica- 
tion and Productivity, by Farm Scale 
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Source: Authors' analysis based on data described in text. 

determinant on all farms. For small farms, household characteristics and access 
to markets play important roles as well. 

VI. SUMMARY A N D  CONCLUSIONS 

Because farmers face different circumstances with different resources, they choose 
different approaches to farming. This means that economic data about agricul- 
tural production span a variety of applied technologies. This article applies a 
flexible-form model to measure the interrelated effects on production of inputs 
and the state variables that condition this endogenous choice of technology. 

Working through the decision environment, state variables are expected to 
influence total factor productivity directly and to influence the elasticities of 
production inputs. Statistically significant evidence of both effects is found. Even 
so, the results suggest that some of the ways factors and state variable interact to 
determine different levels of output and productivity vary with scale, and this 
has implications for policy. 
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To a large degree, output differences among large- and medium-size farms are 
explained by differences in factor use. Factors are important for small-scale 
farmers as well; however, significant differences in productivity outcomes 
remain among small-scale farms even after factor differences are taken into 
account. These remaining differences are explained largely by differences in 
the conditioning state variables. This is consistent with the notion that technol- 
ogy choice is more constrained among smallholder farms and that productivity is 
therefore more sensitive to differences in the decision environment. 

As farm scale increases, differences in productivity are reduced, and this 
comes about by way of two complementary effects. First, productivity contains 
a component related to the unobservable idiosyncratic characteristics of farms 
and farm managers. In the applied model, this gives rise to a composite-error 
stochastic term from which a measure of technical efficiency can be derived. 
Evidence is found in favor of the composite-error structure, and further evidence 
suggests that the derived measure of technical efficiency increases with farm size 
alone. 

Second, there is also evidence that market and program participation out- 
comes, potentially related to these idiosyncratic farm characteristics, influence 
the technical efficiency measure. Access to such programs is more common 
among larger farms, which also boosts measured efficiency. Consequently, the 
two effects work in reinforcing ways to provide higher estimates of technical 
efficiency on larger farms. This is taken as evidence that larger farms are better 
able to, and frequently do, choose farming approaches that are closer to a 
binding technological frontier. 

Taken together, the findings suggest a differentiation between the types of 
policy that promote growth in agriculture generally and those that are more 
likely to assist the rural poor. Because most agricultural output is produced on 
larger farms that operate close to the technological frontier, programs that 
promote relevant new technologies can be expected to spur sectorwide growth. 
For regions that depend primarily on agriculture, growth may have additional 
spillover effects on incomes through markets for related goods and services. At 
the same time, smallholder households in Ecuador that depend on agriculture 
are disproportionately poor and tend to use a ranging set of technologies. 
Consequently, policies most likely to benefit the poor are those that change the 
constraints and incentives that lead some households to choose less efficient 
technologies over more productive alternatives. 

Still, the results suggest that building effective strategies for reducing rural 
poverty is no easy task. Many of the state variables that explain productivity 
differences among smallholders are related to the aspects of geography that are 
not easily changed. This limits the range of available policy instruments and the 
scope for policy-led increases in productivity. Among the remaining policy 
avenues, simulation results point to the importance of investments in infrastruc- 
ture and institutions that support markets, especially credit markets. These 



markets can lead to the adoption of more productive technologies in the short 
run and can facilitate the buildup of productive assets in the long run. 

Accumulated assets can be lost, and the results suggest that farmers forgo 
more productive technologies to take ex ante precautions against such loss. This, 
together with evidence of the central role that productive assets play in deter- 
mining incomes, suggests the importance of policies that promote formal and 
informal insurance markets and provide for safety nets when these markets 
prove inadequate. 

Studies of cross-country growth experiences find important roles for geogra- 
phy and for market-enhancing institutions. In a similar way, the results of this 
study suggest that climate and institution-dependent markets influence regional 
differences in agricultural productivity. The study results also indicate the 
importance of accumulated factors to short-run output. With time, the same 
conditioning factors that influence short-run productivity will likely influence 
stocks of these variables as well. However, this process may take generations to 
complete. Consequently, care should be exercised in drawing policy conclusions 
about the pace of growth from studies that methodologically set aside the 
influence of accumulated factors. This is particularly the case for many devel- 
oping countries, where agriculture remains an important component of national 
income. 
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