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Circumstance and Choice: The Role of Initial
Conditions and Policies in Transition Economies

Martha de Melo, Cevdet Denizer, Alan Gelb, and Stoyan Tenev

This article takes an integrated approach to evaluating the interaction of initial condi-
tions, political change, reforms and economic performance in a unified framework
covering 28 transition economies in East Asia, Central and Eastern Europe, and the

FSU. Initial conditions and economic policy jointly determine the large differences in

economic performance among transition economies. Initial conditions dominate in

explaining inflation, but economic liberalization is the most important factor deter-

mining differences in growth. Political reform emerges as the most important deter-

minant of the speed and comprehensiveness of economic liberalization, raising the

important question of what determines political liberalization. Results suggest the im-

portance of the level of development in determining the decision to expand political

freedoms.

The experience of transition has varied greatly across regions. In East Asia, par-
ticularly in China and Vietnam, inflation has been contained and growth high
since the beginning of reform. In Central and Eastern Europe and the former

Soviet Union (FSU), output declined significantly; many of these countries also
experienced hyperinflation. Some economies in the region, especially in Central

and Eastern Europe, recovered strongly and brought down inflation to moder-

ately low levels; others have been slower to reach the turning point.
The question of divergent experiences with transition has been much debated.

Researchers have suggested that the transition path of a given country depends

on both its initial conditions and the economic policies it chooses to implement.
They have recognized that East Asia, Central and Eastern Europe, and the FSU

had very different prior economic conditions, location, natural resources, histo-
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but without a radical political change. Drawing on the literature, we identify 11
variables to characterize the initial conditions of transition economies just before
their shift toward market-oriented development (1978 for China, 1986 for Viet-
nam, 1989 for Eastern Europe, and 1989-91 for Mongolia and the FSU).

Initial levels of development, resources, and growth as well as initial macro-
economic distortions and institutional characteristics varied widely across the
countries studied (tables 1 and 2).6 Annual per-capita income levels (iNc), mea-
sured in 1989 U.S. dollars but reflecting purchasing power parity incomes in the
base year, ranged from $800 in China to more than $9,000 in Slovenia. Per-
capita income for China is widely debated but was perhaps close to 60 percent
that of Albania at the start of its transition.

Urbanization (URBAN) is another proxy for the level of development. Its cross-
country distribution closely mirrors that of income, with lower-income coun-
tries more rural on average.

Industrialization is an indicator of development, but overindustrialization-
or industrial distortion (INDIST)-was common in socialist countries. It is defined
here as the difference between the actual share of industry in gross domestic
product (GDP) and the share predicted by the regression analysis in Chenery and
Syrquin (1989).7 Industrial shares were often high because trade, financial ser-
vices, and business and consumer services were typically repressed in socialist
countries. 8 In 1989 only Croatia, Hungary, and Slovenia had service shares of
50 percent of GDP, a typical level for upper-middle-income countries. Armenia,
Bulgaria, the Czech Republic, Poland, Romania, and the Slovak Republic had
industrial shares of more than 50 percent of GDP; the Russian Federation and
countries in the northwestern part of the FSU were close to that level. Industry in
Vietnam accounted for a much smaller GDP share.

We consider three indicators of resources and growth. Location (LOCAT), de-
fined as geographical proximity to thriving market economies, may be especially
important during transition because it facilitates the import of market institutions
and the adjustment of trade patterns. Location is an important determinant of
growth even for market economies, as Moreno and Trehan (1997) show. Coun-
tries in Central and Eastern Europe and the Baltics may have benefited from bet-
ter access to Western markets as well as stronger incentives to adopt the institu-
tional framework of the European Union because of the prospect of membership.
China and Vietnam are located near some of the most rapidly growing market
economies in the world. At the other end of the spectrum are the remote, land-
locked countries of Central Asia and the Caucasus, with their essential transport

6. Other historical and cultural factors can be expected to affect a society's success in managing
transition, but no attempt is made here to capture them.

7. The high share of industry in China (in contrast to its low level of urbanization) is partly due to
extremely low prices in agriculture relative to industry.

8. Services were suppressed in communist countries, partly for ideological reasons that held nonmate-
rial output to be "unproductive." See Easterly, de Melo, and Ofer (1994) for econometric estimates of the
gap between actual and expected levels of services in the Russian Federation and other former Soviet states.



TABLE 1. Initial Level of Development, Resources, and Growth

Overindustrialization PRGR

INC URBAN Share of INDIST (difference between Average

per capita Urbanization industry in GDP Predicted actual and predicted RICH growth

GNP at rpp (percent of 1990 current share of industrialization, LOCAT Natural (1985-89)

Region Country US$1989 population 1990) prices (%) industry (%) as percentage of GDP) Location Resources (%)

Central and Albania 1,400 37 37 34 3 1 Poor 3.6

Eastern Bulgaria 5,000 68 59 36 23 0 Poor 2.7

Europe Croatia 6,171 62 35 34 1 1 Poor 0.2

Czech Republic 8,600 65 58 37 21 1 Poor 1.6

Hungary 6,810 62 36 37 -1 1 Poor 1.6

Macedonia 3,394 59 43 34 9 0 Poor 0.2

Poland 5,150 62 52 39 13 1 Moderate 2.8

Romania 3,470 53 59 37 22 0 Moderate -0.8

Slovak Republic 7,600 57 59 36 23 1 Poor 1.60

Slovenia 9,200 62 44 39 5 1 Poor -0.4

FSU and Armenia 5,530 68 55 35 20 0 Poor 2.7

Mongolia Azerbaijan 4,620 54 44 36 8 0 Rich 0.8

Belarus 7,010 66 49 37 12 0 Poor 5.2

Estonia 8,900 72 44 34 10 1 Poor 2.7

Georgia 5,590 56 43 35 8 0 Moderate 2.4

Kazakhstan 5,130 57 34 38 -4 0 Rich 4.3

Kyrgyzstan 3,180 38 40 34 6 0 Poor 5.2

Latvia 8,590 71 45 35 10 1 Poor 3.5

Lithuania 6,430 68 45 35 10 1 Poor 2.9

Moldova 4,670 47 37 35 2 0 Poor 5.7

Russian Federation 7,720 74 48 41 7 1 Rich 3.2

Tajikistan 3,010 32 34 34 0 0 Poor 1.9

Turkmenistan 4,230 45 34 35 -1 0 Rich 5.0

Ukraine 5,680 67 44 40 4 0 Moderate 2.4

Uzbekistan 2,740 41 33 37 -4 0 Moderate 3.9

Mongolia 2,100 60 41 40 1 0 Moderate 5.4

East Asia Chinaa 800 18 49 46 3 1 Moderate 9.0

Vietnamb 1,100 19 23 30 -7 1 Moderate 5.0

aFigures are for 1978.
bFigures are for 1986.
Notes: Predicted share of industry is derived using regression results in Syrquin and Chenery (1989).
Source: The World Bank 1980, 1988, 1992, 1993, authors' estimates.
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Another measure of economic distortion is the black market exchange rate
premium (BLCMKT). A high black market exchange rate premium is an indicator
of expectations of depreciation or foreign exchange rationing or both. A large
differential between the official and the free exchange rate can also be interpreted
as a distortionary tax on exports and a subsidy on imports (Easterly 1994). This
differential stimulates the diversion of resources from the official to the infor-
mal sector, a process often associated with consumption of real resources in
activities that are not directly productive. Black market premiums were espe-
cially high in the FSU, Mongolia, Bulgaria, and Romania. They were relatively
modest in countries-such as Hungary and the former Yugoslav republics of
Croatia, Macedonia, and Slovenia-that had some previous experience with
reforms. The black market premium in the Czech and Slovak republics was high
according to international standards but low compared with the average for tran-
sition countries. China also began reforms with a relatively low level of distor-
tion in its foreign exchange market.

Two other variables reflect initial institutional characteristics of the transi-
tion economies. STATE is a categorical variable differentiating among new na-
tion states (value of 0); members of decentralized states, such as the former
Yugoslav republics, or core countries of centralized federal states, such as the
Soviet Union (value of 1); and countries that were independent states before 1989
(value of 2). The new nation-states needed to build national institutions-includ-
ing systems of democratic representation, justice, and security as well as eco-
nomic institutions, such as central banks and customs bureaus-while confronting
economic changes." The non-Baltic FSU, in particular, lacked national institu-
tions. Until recently, these former Soviet republics were territories in a highly
centralized political union, in which a brain drain reallocated human resources
from the periphery to the center. The new nation-states created out of the former
Yugoslavia and Czechoslovakia were not faced with such serious problems, as
the federal systems there gave substantial powers and responsibilities to the con-
stituent republics. Furthermore, the historical ties and the political affiliation of
Central and Eastern Europe countries with Western Europe gave them a clear
sense of direction lacked by the new nation-states of the FSU.

Another institutional variable, market memory (MARMEM), captures the lack
of familiarity of the non-Baltic FSU with market institutions. While MARMEM is
related to the STATE variable, it is likely that it has a separate influence on the
reform process, particularly on the ability of societies to deal with the disequi-
libria of transition. 12 Lacking a single generation in the society with experience
of the workings of a market economy could provide a basis for adopting a wait-

11. Recent cross-country growth studies emphasize the importance of institutional and political
variables (see Alesina 1997 and Knack and Keefer 1995).

12. Schultz (1990) used the concept of the ability to deal with disequilibria in a market economy
context, but it is also highly relevant in the transition context. The ability of transition economies to
reallocate resources toward their best uses and to establish institutions toward that end has been a major
determinant of the transition experience (World Bank 1996).



de Melo, Denizer, Gelb, and Tenev 9

and-see approach to reforms or for reverting repeatedly to old ways of doing

things. In fact, both types of reform outcomes have been observed in certain FSU

countries, where policies that could be regarded as "a clean break with the past"

have been more difficult to adopt. The fact that some non-Baltic countries in the

FSU were unwilling to leave the ruble zone until the Russian Federation forced

them to do so while the Baltic countries did so quickly and on their own may

partly reflect the importance of prior experience with a market-based system. If

transition is viewed as a process requiring varying amounts of large-scale insti-

tutional change (Dewatripont and Roland 1996), the number of years under

central planning can be seen as a proxy for the degree of change required.13

Initial Conditions Clusters

The use of all these initial conditions in the analysis is impractical, because there

are 11 variables, some possibly correlated with one another. To reduce their

dimensionality and deal with multicollinearity, we use the method of principal

components (Dunteman 1989). This technique entails the use of rotating factor

analysis to create clusters of variables-also known as eigenvectors, or princi-

pal components-that are orthogonal to one another. They represent separate

dimensions of the initial conditions that can be used together in regression analy-

sis. The factor loadings, or mutual correlations, define the clusters and provide

insight into their interpretation.
Although there are as many clusters, or principal components, as there are

initial conditions, most of the variability is explained by the first few compo-

nents. The first two principal components account for 67 percent of the varia-

tion of the initial conditions defined above (table 3). The interpretations of these

two components are robust to a sensitivity analysis in which principal compo-

nents are derived for modified sets of initial conditions. In each case, the first

two components have a consistent interpretation and explain 64-75 percent of

the variability of the specified initial conditions. Hence in the rest of the analy-

sis, only the first two principal components, estimated for the original 11 initial

conditions, are used. They are interpreted as follows:

* PRIN1, the most important cluster, has high positive correlations, or load-
ings, for MARMEM and for economic distortions (TDEP, REPR, BLCMKT). The
weights for these variables given in the eigenvector suggest that PRINM can
be interpreted as the degree of macroeconomic distortions and unfamiliarity
with market processes at the beginning of transition. With liberalization
these distortions translate into shocks to the economy and can therefore be
viewed as a measure of the intensity of transitory shocks when controlling
for the level of liberalization. Loadings are somewhat lower for the nega-
tively signed STATE and LOCAT variables, although the corresponding weights

13. The experience of market-based law, for example, was never lost in Central and Eastern Europe

(World Bank 1996).
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FIGURE 1. Ranking of Transition Economies by the First Two Principal
Components

roeconomic and structural distortions. The East Asian economies and Albania
form a separate group, characterized by a relatively low level of development
and fewer structural and macroeconomic distortions.

Economic Policies, Political Change, and Regional Tensions

An integrated view of transition requires us to consider other factors, especially
economic policies, political reform, and regional tensions, as well as initial con-
ditions. Economic policies are proxied by the economic liberalization indices
originally developed in de Melo, Denizer, and Gelb (1996). Their basic annual
liberalization index (LIB), which is used here, represents the level of liberaliza-
tion achieved each year. It is a composite of three different components, repre-
senting policy reforms focusing on internal prices, external markets, and private
sector entry. Of course, some countries did initiate partial liberalization before
transition. Yugoslavia abandoned formal planning in the 1950s. Poland initi-
ated reforms in 1968; Hungary did so in 1981. But before 1990 other countries
in the region had departed little from the Soviet model of central planning, and,
notwithstanding the limited initiatives under perestroika in 1987, there were no
major reforms in the Soviet Union before 1991. China's transition started in 1978,
albeit in a mainly rural setting. In South Vietnam a small private sector and some
market practices were preserved after unification in 1975. The liberalization index
incorporates the extent of prior reforms in each country in its initial value.

The links between politics and reform are also important; the transition econo-
mies now display significant variation in the degree of political freedom and civil
liberties achieved. Many have made a rapid transition to democracy, but in a
few countries political freedom has eroded after some early progress. This ero-
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sion of political freedom has sometimes been related to deeply rooted ethnic,
religious, or cultural tensions. We use Freedom House's index of political free-
dom (FREEDOM) to represent political liberalization.

Finally, 6 of the 28 countries covered-Armenia, Azerbaij an, Croatia, Mace-
donia, Georgia, and Tajikistan-experienced serious regional tensions (wars,
internal strife, prolonged war-related blockades). A dummy variable for regional
tensions (RT) is used to capture the disruptive effects of these events.

II. INITIAL CONDITIONS, ECONOMIC LIBERALIZATION,

AND PERFORMANCE

This section focuses on the links among initial conditions, the level of policy
reform given by the liberalization indices, and performance outcomes, measured
in terms of growth and inflation.'5 The following system of equations is posited,
where i represents country and t represents year:

(1) LIB,t = a + boLlBit-1 + b,GROWTH + b2PRINI,

+ b3 PRIN2j + b4 FREEDOMi, + £it

(2) GROWTHit = C + yoPRINli + yIPRIN2i + Y2LIBit + y3 LlBit-1 + y4 RTit + RIit

(3) INFLATIONit = d + ZOPRIN1, + ZlPRIN2, + Z2LIBit + Z3LIBit-1 + Z4 RTit + Yi,

The specification of the performance equations can be seen as a type of reduced-
form relation tying initial conditions, liberalization policies, and regional tensions.
It explicitly omits macroeconomic stabilization policies, partly because they are

closely related to and largely dependent on liberalization policies and partly because

policy stance is not independent of economic performance. It is generally accepted

that the sustainable fiscal deficit depends on real economic growth and that the

appropriate change in nominal money supply depends on the demand for domestic

currency, which is likely to change in relation to inflation.

Previous studies of Central and Eastern Europe and the FSU find strong evi-

dence that the effect of liberalization is nonlinear over time (de Melo, Denizer,

and Gelb 1996, Selowsky and Martin 1997). In particular, empirical results

suggest that good performance (high growth, low inflation) is negatively related

to the size of the contemporaneous liberalization step but positively related to

the accumulated stock of reforms. It is therefore expected that Y2 < 0 (Z2 > 0) and

Y3 > 0 (Z3 < 0). Also, if liberalization is to have an overall positive effect on per-
formance in the steady state, where LIB(t - 1) = LIB(t), one would expect IY31 > I

Y21 (1z31 > I z2
1). The effect of macroeconomic distortions, as reflected in PRIN1, on

performance is expected to be negative. PRIN2 captures structural distortions,
which were higher in more developed socialist countries. Therefore one would
expect y, < 0 (z, > 0).

15. Because growth during transition is not likely to be related to the standard determinants of
growth found in the general literature, the specification of the equation does not reflect steady-state
circumstances.



14 THE WORLD BANK ECONOMIC REVIEW, VOL. 15, NO. I

What are the implications of these relations for the expected signs of the
coefficients in the liberalization equation? In the performance equations, both
contemporaneous liberalization and unfavorable initial conditions are expected
to have a negative impact on growth and inflation. A negative relation between
unfavorable initial conditions and the degree of liberalization would therefore
be consistent with behavior that attempts to smooth output during transition.
In these countries slower reforms would have a smaller negative effect on per-
formance in the short run and might therefore be favored to compensate for
the negative impact of more unfavorable initial conditions. This logic would
suggest a negative association between LIB and PRINI, or b2 < 0. Initial condi-
tions could also have a direct effect on liberalization outcomes due, for instance,
to the lower effectiveness of reforms under more unfavorable initial conditions.

It is more difficult to form expectations about the sign of b3. To the extent
that PRIN2 reflects structural distortions and has a negative impact on growth,
one would expect the reasoning used earlier to apply to PRIN2 as well. How-
ever, PRIN2 is dominated by indicators of the level of development, and it is
not a priori clear how these indicators affect policy choices. The level of de-
velopment, for example, tends to be positively correlated with political free-
dom, and as such is likely to be positively associated with liberalization. A higher
level of development may also be associated with a lower marginal utility of
income and therefore with a greater capacity to absorb negative shocks. This
could imply a positive relation between reforms and PRIN2. Finally, if adminis-
trative capacity to implement reforms is positively correlated with the level of
development and this capacity constraint is binding during transition, one
would also expect to observe a positive relation between PR7N2 and LIB. All these
hypotheses suggest a positive association between PRIN2 and the liberalization
index.

The hypothesis that performance depends negatively on the level of contem-
poraneous liberalization but positively on the accumulated stock of reforms also
has implications for the effect of past liberalization on current policy choices in
the context of output-smoothing behavior. Given this tradeoff, a higher level of
achieved liberalization allows a larger contemporaneous liberalization step for
a targeted GDP growth rate, other things equal. Thus, one would expect con-
temporaneous liberalization to depend positively on the extent of past reforms.

The "window of opportunity" argument suggests that radical political liber-
alization may be associated with greater tolerance on the part of the populace to
economic hardships in the short run. Political liberalization can therefore sup-
port more forward-looking behavior, which places greater value on future ben-
efits, making it easier to bear any immediate cost of liberalization in expectation
of its future benefits. It is therefore expected that b4 > 0.

Finally, the presence of the growth term in the liberalization equation is re-
lated to the more general question about the interactions between policy and
economic performance. One view of policy formation is as a forward-looking
process in which policymakers assess the likely impact of initial conditions and
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policy on performance and, taking into account political circumstances, choose
an optimal reform path. Such a view would imply a recursive system of equa-
tions in which policy does not depend directly on current performance. How-
ever, simultaneity between performance and reforms can still be an issue in this
formulation if the error terms of the two equations are contemporaneously cor-

related (Kennedy 1994).
Contemporaneous correlation between the error terms may reflect, for ex-

ample, the working of a feedback mechanism from economic performance to
policy choices. Performance surprises (discrepancies between expected and ac-
tual economic performance) may lead to revisions of reform plans, which would
imply correlation between the error terms of the performance and liberalization
equations. Contemporaneous correlation between the error terms may also arise
as a result of subjectivism and bias in the construction of the liberalization
index. Knowledge of a country's growth and inflation performance might be im-
plicitly reflected in experts' opinions about the country's progress in reforms,
for instance, biasing the index in favor of countries with relatively good eco-
nomic performance.

We ran a Hausmann test for contemporaneous correlation between the error
and a regressor to assess the gravity of the simultaneity problem. The test indi-

cates the presence of contemporaneous correlation between the liberalization
index and the error term in the growth equation but not in the inflation equa-

tion. Inclusion of the growth variable in the liberalization equation reflects the

results of this test. In this formulation, the system of simultaneous equations is

exactly identified.

Empirical Analysis: Cross-Section Equations
and Relative Reform Effort

This section presents a preliminary empirical analysis of the relations among initial
conditions, reforms, and performance by looking first at cross-country varia-

tion, using the average values for the respective variables over the five-year period.
The results, obtained by using the ordinary least squares estimation technique,
are presented in table 4. In the liberalization equations (AVLIB in equations 3 and

4 in table 4), a negative and statistically significant association between liberal-
ization and the index for initial macroeconomic distortions (PRIN1) is observed.
The result indicates that severe macroeconomic distortions tend to be associated
with slower reforms. The coefficient for PRIN2 has a positive sign, suggesting that,
on average, more developed countries tend to liberalize more. However, PRIN2 is

statistically significant only in equation 4, in which political freedom is excluded.
In this equation, PRIN2 probably captures some of the effect of democratization
on reforms due to the positive association between the level of development and
political change in the sample. The level of political freedom (AVFREE) has a strong
positive association with the degree of liberalization, as demonstrated by the
results for equation 3. These results seems to corroborate previous findings that
rapid and fundamental political change makes reform easier.
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TABLE 4. Cross-Country Regression Estimates of Relations among
Performance, Liberalization, and Initial Conditions (N = 28)

Independent variable LOGAVIN (1) AVGR (2) AVLIB (3) AVLIB (4)

Constant 4.64 -4.43 0.29 0.54
(5.48) (-1.27) (4.3) (22.17)

PRINI 1.18 -4.03 -0.05 -0.07
(5.62) (-4.64) (-2.54) (-2.82)

PRIN2 0.04 -1.25 0.03 0.13
(0.14) (-1.13) (1.03) (5.20)

AVLIB 1.23 -3.44
(0.83) (-0.56)

AVFREE 0.04
(3.68)

RT 1.42 -5.66
(3.18) (-3.06)

Adjusted R2 0.644 0.602 0.7003 0.55

Note: t-ratios are shown in parentheses.
Source: Authors' calculations.

Political change and initial conditions do not exhaust the list of factors that
may determine policy choices. Individuals, historical and cultural factors, exter-
nal aid, and demographic structure may also play an important role. As the World
Bank notes, "Most decisive reforms have reflected the vision of one leader or a
small and committed group" (World Bank 1996, p. 11).

One way to assess the importance of such factors for individual countries is
to look at the residuals from equations 3 and 4 in table 4 (shown in table 5),
which capture the deviations of actual liberalization from what could be viewed
as a "normal" level of liberalization for a given set of initial conditions and
political freedoms. 16 Countries such as Estonia, the Kyrgyz Republic, Lithuania,
and Moldova have liberalized substantially more than expected given their ini-
tial conditions. In contrast, the Czech and Slovak republics, which faced favor-
able initial circumstances, show negative values of the residuals, despite the high
degree of liberalization achieved. Belarus, Romania, Turkmenistan, and Ukraine
liberalized substantially less than expected given their initial conditions. Coun-
tries such as Tajikistan, Uzbekistan, and Vietnam, which liberalized under rela-
tively low levels of political freedom, improve their position in the ranking by
the residuals even further.

The results from the performance equations (equations 1 and 2 in table 4)
suggest a negative association between macroeconomic and structural distortions,
as reflected in PRINI and PRIN2, and economic performance. The effects of PRINI
on inflation and growth are larger and have statistical significance. The coeffi-
cient for PRIN2 is not statistically significant in the performance equations. Re-

16. It is tempting to call the residuals indices for the relative reform effort in the spirit of the tax
literature, which uses a similar approach to derive measures for the tax effort (see Lotz and Morss 1969).



TABLE 5. Ranking of Transition Economies by the Liberalization Index and Residuals

Residuals from Residuals from Rank by residuals Rank by residuals

equation 3 equation 4 Rank by from equation 3 from equation 4

Country AVLIB AVFREE PRINI PRIN2 in table 4 in table 4 AVLIB in table 4 in table 4

Albania 0.46 4.4 -1.12 -1.15 -0.050 -0.019 17 18 16

Armenia 0.50 6.8 0.79 0.94 -0.082 -0.096 15 23 22

Azerbaijan 0.38 3.2 1.00 -0.03 -0.006 -0.083 22 15 19

Belarus 0.37 5.8 1.19 0.73 -0.139 -0.168 23 26 26

Bulgaria 0.55 7 -0.55 0.56 -0.098 -0.099 14 25 23

China 0.12 0 -1.00 -2.62 -0.147 -0.166 28 27 25

Croatia 0.71 4.8 -1.07 0.32 0.127 0.047 8 4 12

Czech Republic 0.72 8.6 -1.43 1.20 -0.065 -0.077 6 21 17

Estonia 0.84 8.2 0.33 1.24 0.159 0.170 1 1 3

Georgia 0.44 4.6 0.84 0.41 -0.028 -0.088 20 16 20

Hungary 0.75 9.6 -1.47 0.08 -0.056 0.088 4 19 8

Kazakstan 0.48 4.4 1.07 -0.62 0.066 0.100 16 8 7

Kyrgyz Republic 0.67 6.8 1.03 -0.53 0.140 0.270 11 2 1

Latvia 0.72 8 0.46 1.15 0.058 0.073 7 11 11

Lithuania 0.79 9.6 0.52 0.91 0.062 0.171 2 10 2

Macedonia 0.70 5.6 -0.80 0.09 0.102 0.084 9 6 9

Moldova 0.56 5.2 0.80 -0.32 0.091 0.125 13 7 5

Mongolia 0.45 6.6 0.29 -0.68 -0.095 0.022 19 24 14

Poland 0.78 9.4 -1.18 0.15 -0.004 0.129 3 14 4

Romania 0.46 3.8 -0.94 0.29 -0.059 -0.188 18 20 27

Russian Federation 0.63 6.8 0.34 0.28 0.038 0.077 12 12 10

Slovak Repuiblic 0.69 7.8 -1.25 1.12 -0.043 -0.080 10 17 18

Slovenia 0.75 5.4 -1.24 0.83 0.111 0.006 5 5 15

Tajikistan 0.31 1.8 1.01 -0.49 0.005 -0.090 26 13 21

Turkmenistan 0.20 1.4 1.27 -0.87 -0.067 -0.138 27 22 24

Ukraine 0.34 6.8 0.91 0.53 -0.226 -0.197 24 28 28

Uzbekistan 0.41 1.6 1.15 -1.15 0.140 0.102 21 3 6

Vietnam 0.34 0 -0.92 -2.38 0.063 0.024 25 9 13

Sources: de Melo, Denizer, Gelb (1996); Freedom House, 1997; authors' calculations.
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gional tensions are statistically significant and important: controlling for initial
conditions and liberalization, countries that experienced wars and other disrup-
tions experienced substantially lower annual growth rates (5.6 percent less) and
higher inflation. The coefficients for AVLIB are negative and statistically insig-
nificant. However, previous studies have shown that the relation between re-
forms and performance is highly nonlinear over time, a feature that cannot be
captured by this simple functional form and cross-country regression.

Determinants of Policies and Outcomes

The panel data set includes five years of observations for 28 countries, with dif-
ferent periods for different subgroups. The basic equations are estimated using
the two-stage least squares method (table 6).

The level of macroeconomic distortions (PRINI) has a negative but statisti-
cally insignificant effect on liberalization. The level of development/overindus-
trialization (PRIN2) has a positive effect and is significant at the 5 percent level.
These results are in line with our previous findings that macroeconomic distor-
tions tend to have a negative and development a positive impact on liberalization.
The level of past liberalization (LIB(-1)) tends to be positively associated with the
current period's level of liberalization. The coefficient for GROWFH is small and
statistically insignificant. Interestingly, PRINI becomes statistically significant
when GROWTH is excluded from the liberalization equation. Political freedom
is positively associated with liberalization, with a highly significant regression
coefficient.

TABLE 6. Regression Estimates of Basic System of
Equations (N = 140)

Independent variable LIB (1) GROWTH (2) Loginf (3)

Constant 0.21 -0.63 3.78
(5.72) (-0.11) (3.82)

LIB -59.2 6.9
(-2.47) (1.72)

LIB(-1) 0,59 62.5 -6.52
(9.45) (3.56) (-2.23)

GROWTH 0.002
(1.09)

PRINI -0.02 -3.88 1.07
(-1.55) (-3.87) (6.34)

PRIN2 0.03 -1.48 -0.03
(2.11) (-1.04) (-0.10)

FREEDOM 0.017
(4.54)

RT -12.98 1.88
(-5.16) (4.50)

Adjusted R2 0.85 0.4 0.396

Note: t-ratios are shown in parentheses.
Source: Authors' calculations.



de Melo, Denizer, Gelb, and Tenev 19

The regression results of the growth and inflation equations are also consistent
with the expected relations. Current liberalization has a negative impact on growth
and is statistically significant. LIB is also positively associated with current infla-
tion, although the coefficient is marginally insignificant. As expected, lagged lib-
eralization LIB(-1) has a strong positive impact on performance, and the coeffi-
cients are highly significant. These results indicate that performance tends to depend
positively on the accumulated stock of reforms, but may be negatively affected by
the size of the contemporaneous liberalization step. In an equivalent formulation
of the model, we separate the effects of the contemporaneous liberalization step
(LIB - LIB(-1)) from the effect of past reform efforts (LIB(-1)). In this formulation,
the coefficients for LIB(-1) in the performance equations, which are the sums of
coefficients Y2 and y3 in equation 2 and z2 and Z3 in equation 3, are not statistically
significant. This suggests that within a five-year sample, the analysis does not fully
capture the long-run effects of liberalization. The coefficients for LIB and LIB(-1)

imply that the overall effect of liberalization on growth is likely to be negative in
the early stages of reforms. Countries that started with some history of reforms
may have had more incentives to liberalize rapidly, because the total effect on
performance is more likely to be positive.

Initial conditions have a strong impact on performance. Initial macroeconomic
distortions, as reflected in PRINI, have a negative and statistically significant ef-
fect on growth and inflation. PRIN2 preserves its sign from the cross-sectional
regressions and is statistically insignificant in the growth and inflation equations.
RT has a stronger effect on growth and inflation than before, because it is now a
year dummy as opposed to a country dummy in the cross-sectional regressions.

The results in table 6 suggest that the degree of initial macroeconomic distor-
tions is negatively associated with the extent of liberalization. To test if this could
be viewed as a rational response of policymakers to the reduced effectiveness of
reforms under unfavorable initial conditions and to explore more generally the
relation between policy effectiveness and initial conditions, we construct four
new variables: PRlLIB, PR2LIB, PRILAG, and PR2LAG. These variables are interac-
tion terms between LIB and LIB(-1) on the one hand and PRINI and PRIN2 on the
other. Table 7 presents the estimated impact of initial conditions on policy ef-
fectiveness, taking the interaction terms into account.

In the growth equation, the interactive terms for PRINI tend to reinforce the
effects of LIB and LIB(-1). The contemporaneous effect of liberalization is more
negative under more unfavorable initial macroeconomic distortions, but this effect
is more than compensated for by the stronger positive effect of the accumulated
stock of reforms. The coefficients, however, are not statistically significant. The
interactive terms for PRIN2 tend to dampen the effects for LIB and LIB(-1): both
the contemporaneous negative and the lagged positive effects of LIB and LIB(-1)

are smaller when the interactive terms for PRIN2 are taken into account. The
coefficients are not statistically significant, however. In the inflation equation
both the interactive terms for PRINi and PRIN2 with LIB are statistically signifi-
cant and have negative signs, implying that the negative impact of the current
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TABLE 7. Regression Estimates of Performance and Liberalization Equations
with Interactive Terms between Policy and Initial Conditions (N = 140)

Independent variable GROWTHa (1) GROWTHb (2) Loginfr (3) Loginfd (4) LIBe (5)

Constant -0.63 -5.03 3.78 4.77 0.21
(-0.11) (-1.02) (3.82) (6.25) (5.72)

LIB -59.2 -46.93 6.9 3.54
(-2.47) (-2.21) (1.72) (1.08)

LIB(-1) 62.5 57.10 -6.52 -4.53 0.59
(3.56) (3.4) (-2.23) (-1.75) (9.45)

GROWTH 0.002
(1.09)

PRINI -3.88 -6.33 1.07 2.43 -0.02
(-3.87) (-2.87) (6.34) (7.13) (-1.55)

PRIN2 -1.48 -3.19 -0.03 0.6 0.03
(-1.04) (-1.61) (-0.1) (1.98) (2.11)

PRI LIB -5.36 -3.71
(-0.61) (-2.74)

PR2LIB 7.50 -2.99
(0.93) (-2.39)

PRILAG 13.67 1.05
(1.65) (0.82)

PR2LAG -6.12 1.96
(-0.71) (1.49)

RT -12.98 -10.50 1.88 1.23
(-5.16) (-4.45) (4.5) (3.37)

FREEDOM 0.017
(4.54)

Adjusted R2 0.4 0.427 0.396 0.517 0.85

'Based on equation 2 from table 6.
bBased on equation incorporating interactive terms.
cBased on equation 3 from table 6.
dBased on equation incorporating interactive terms.
'Based on equation 1 from table 6.
Note: t-ratios are shown in parentheses.
Source: Authors' calculations.

level of liberalization on inflation performance is smaller when macroeconomic
and structural distortions are greater. The interactive terms with LIB(-1) have
the opposite signs but are statistically insignificant.

These results do not support the hypothesis that reforms are necessarily less ef-
fective under unfavorable initial conditions, as reflected in PRIN1 and PRIN2. On
the contrary, some evidence is found that liberalization is more effective at higher
levels of macroeconomic and structural distortions. This result suggests that the
negative association cannot be explained by the lower potency of reforms under
unfavorable initial conditions. Unfavorable initial conditions discourage reforms,
but the effectiveness of reforms is not reduced once they are implemented. This
does not imply that steady-state growth rates of countries with good and bad initial
conditions will be similar with similar sets of policies. Country-specific factors, such
as location, can still be expected to play a role. Countries that are landlocked, for
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example, are likely to have lower long-run growth rates than countries with easy
access to markets (Radelet, Sachs, and Lee 1996, Sachs and Warner 1996).

The Relative Importance of Policies and Initial Conditions
in Determining Outcomes

In this section, we estimate the relative importance of initial conditions and
policies in explaining performance. The question of the relative importance of
initial conditions versus political change in determining policy choices is also
examined. The analysis is based on the results of the reduced-form equations
presented in table 8.

To derive estimates of the explanatory power of initial conditions relative to
policies and special factors, we use the adjusted R2 to set plausible bounds for
the variance explained by different groups of coefficients. To calculate these
bounds, we estimate three models. The first is the full model, presented in equa-
tions 1 and 2 in table 8. This model includes lagged liberalization, initial condi-
tions, freedom, and regional tensions as regressors. The adjusted R2 shows the
percentage of total variance in performance explained by the full set of regres-
sors. Next we estimate the model restricting the coefficients to zero for a set of
factors. By subtracting the adjusted R2 from this regression from the adjusted
R2 from the first regression, we compute a rough measure of the total variation
explained by these factors. Finally, the model is estimated restricting to zero the
coefficients not in the given set. Its adjusted R2 provides a second crude measure
of the amount of total variation explained by the included set of factors.

The results of this procedure are presented in table 9. Policies have the highest
explanatory power among all sets of factors in the growth equations, accounting
for 31-46 percent of the variation in growth explained by the model. Initial condi-

TABLE 8. Regression Estimates of Reduced Form Equations
(N = 140)

Independent variable GROWTH (1) Loginf (2) LIB (3)

Constant -11.5 5.03 0.18
(-5.85) (14.4) (8.67)

LIB(-1) 24.55 -2.13 0.64

(6.97) (-3.37) (16.9)

PRINI -2.59 0.92 -0.02

(-3.36) (6.67) (-2.64)

PRIN2 -2.74 0.12 0.02

(-2.8) (0.69) (2.02)

RT -11.5 1.71 -0.03

(-5.5) (4.50) (-1.15)
FREEDOM -0.91 0.1 0.02

(-2.75) (1.78) (4.33)
Adjusted R2 0.44 0.392 0.86

Note: t-ratios are shown in parentheses.
Source: Authors' calculations.



TABLE 9. Estimates of Explanatory Power of Policy, Initial Conditions, and Political Freedom
(percent)

Policy Initial conditions RT FREEDOM PRINI PRIN2

max min max min max min max min max min max min All variables

Growth
Total variance 20.0 13.6 13.6 8.2 12.4 12.2 3.0 0 11.6 4.5 3.0 1.9 44.0
Explained variance 45.5 30.9 30.9 18.6 28.2 27.7 6.8 0 26.4 10.2 6.8 4.3 100.0
Inflation
Total variance 6.8 4.7 26.8 20.0 9.8 9.2 1.0 0 27.0 20 0 0 39.2
Explained variance 17.3 12.0 68.4 51.0 25.0 23.5 2.6 0 68.9 50.3 0 -0.5 100.0

Political freedom RT Initial conditions PRINI PRIN2

max min max min max min max min max min Total

Policy
Total variance 50.3 20.3 0 -0.1 34.4 4.9 7.4 4.5 27 1.4 55.0
Explained variance 91.5 36.9 0 -0.2 62.5 8.9 13.5 8.2 48.7 2.5 100.0

Source: Authors' calculations.
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tions are also important, accounting for 19-30 percent of the explained variance,
with PRINI having greater explanatory power than PRIN2. In the inflation equation,
initial conditions dominate, with PRIN1 especially important. Regional tensions come
second, explaining 24-25 percent of the explained variance in inflation.

The same exercise is performed for policy. It reveals that political change has
the highest explanatory power, accounting for 37-92 percent of the explained
variance. PRIN2 may also be important, but the range of the estimate for its ex-
planatory power is wide.

To illustrate graphically the importance of initial conditions in explaining
differences in growth performance, we use the partial derivatives for GROWTH

with respect to PRINI and PRIN2 to construct iso-growth lines for different sets
of initial conditions. These iso-growth lines are superimposed on figure 1 to
obtain figure 2. The picture helps one visualize the effect of initial conditions
on growth. It also clarifies the importance of initial conditions in explaining
the different growth performance of China and Vietnam, and to some extent
Albania, compared with other transition economies. China and Vietnam, for
example, lie on an iso-growth line that is about 14 percent higher than the iso-
growth line for most of the FSU.17 Similar equations were estimated excluding
China and Vietnam. They produce growth lines with similar slopes and an "out
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FIGURE 2. Iso-Growth Lines for Sets of Initial Conditions

17. A reduced-form equation has also been estimated by regressing growth on initial conditions,

political freedom, and regional tensions to capture the total, direct, and indirect (through liberaliza-

tion) effects of initial conditions on growth. The results were similar.



24 THE WORLD BANK ECONOMIC REVIEW, VOL. 15, NO. I

of sample" growth bonus for China and Vietnam of about 7 percent relative
to the FSU. The difference of 7 percent between the two estimates is especially
instructive because it highlights the importance of factors that are specific to
East Asian economies.

Initial Conditions, Political Liberalization, and Growth

What are the implications of this analysis for the impact of political freedom on
economic growth in the context of transition? In the proposed framework, po-
litical liberalization is exogenous and has an indirect effect on growth through
its influence on economic liberalization. Given the strong positive association
between political and economic liberalization in the regression results, the na-
ture of the relation between political freedom and economic growth is essentially
the same as the relation between economic liberalization and growth-that is,
nonlinear, with the size of the contemporaneous liberalization step having a
negative effect and the accumulated stock of political reform a positive one. This
finding may look similar to what is emerging as a general result in the literature:
Political freedom has opposing effects on economic growth and, consequently,
the net effect of democracy on growth is uncertain (Barro 1996a).18 In fact, our
result implies that in a steady state, when LIB is equal to LIB(-1), the impact of
democracy on growth is positive, other things equal.

Political freedom emerges as the most important factor for economic policies,
raising the question of what determines political liberalization. One way to ap-
proach this question is to extend the model by making political liberalization
endogenous. We add another exogenous variable-ASIA, a dummy variable with
a value of 1 for China and Vietnam and 0 otherwise-to our system of equa-
tions to compensate for the loss of FREEDOM as an exogenous variable. Inclu-
sion of this variable also allows us to test the degree to which the principal com-
ponent approach succeeds in incorporating China and Vietnam in a unified
analytical framework for the 28 transition economies. In the absence of adequate
guidance from theory, we experiment with various specifications of the system
of simultaneous equations, presenting the best statistical fit in table 10.

An interesting observation from equation 4 of table 10 is that the level of
economic development, as measured by PRIN2, is an important determinant of
the decision to liberalize politically. The result can be viewed as a confirmation
that the so-called Lipset hypothesis-the propensity for democracy to rise with
per-capita GDP-holds in the context of transition. Another interesting result is
that the regional tensions variable has a negative and important effect (in equa-
tion 4) on political liberalization. To the extent that this variable reflects politi-
cal instability and ethnolinguistic fractionalization (as in the case of the Balkans
and the Caucasus), the result is in line with previous findings in the literature

18. In a broader cross-country empirical study, Barro (1996b) also found a nonlinear effect of de-
mocracy on growth, albeit one of a different kind: Growth is increasing in democracy at low levels of
political freedom, but the relation turns negative once a moderate amount of freedom has been attained.
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TABLE 10. Regression Estimates of Expanded System of Equations with
Political Freedom as Endogenous Variable (N = 140)

Independent variable LIB (1) GROWTH (2) Loginf (3) FREEDOM (4)

Constant 0.09 -1.83 3.66 1.97
(1.27) (-0.19) (5.13) (3.04)

LIB -58.5 7.5 6.87
(-1.50) (2.31) (6.34)

LIB(-1) 0.51 62.7 -7.08
(4.66) (2.18) (-2.69)

FREEDOM 0.04
(2.12)

PRINI -0.02 -3.1 1.08 0.06
(-2.07) (-1.88) (6.99) (0.25)

PRIN2 -0.02 1.15
(-0.65) (4.0)

ASIA 8.84 -0.68
(1.2) (-0.62)

RT -12.4 1.9 -0.92
(-4.06) (4.71) (-1.8)

Adjusted R2 0.8 0.39 0.37 0.58

Note: t-ratios are shown in parentheses.
Source: Authors' calculations.

and identifies an additional channel through which such factors can have an
impact on economic growth during transition (through their impact on political
freedom and the impact of political freedom on economic liberalization, for ex-
ample). In addition to the level of development, PRIN2 reflects-or is potentially
correlated with-other variables that have been used in the literature as deter-
minants of democracy (urbanization, health, education). Potentially important
factors, however, such as income inequality, cultural characteristics, and reli-
gion, are left out of the model.19

The ASIA dummy variable has the expected signs but is statistically insignifi-
cant. By its nature, the ASIA dummy is a genuinely exogenous variable. Its ex-
planatory power, however, is reduced by the structural differences between Asia
and Eastern Europe, as reflected in the two principal components. This reduced
explanatory power in the presence of the principal components is an indica-
tion that the two principal components adequately capture the specific attributes
of China and Vietnam in a unified analytical framework for all 28 transition
economies.

III. CONCLUSIONS

Casual observation suggests that transition economies fall into three broad
groups: the rapidly recovering countries of Central and Eastern Europe, the

19. For a detailed discussion of the determinants of democracy, see Barro (1996b).
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slower-adjusting FSU, and the East Asian countries, which responded to reforms
with accelerated growth rather than initial contraction. This article departs from
previous research that focused on the relation between policy and performance
to analyze the sources of cross-country variation in both reform policy choices
and economic performance. Our focus is on the role of initial conditions and
political developments. We also consider the effect of regional tensions (non-
economic events, such as wars and blockades).

Countries differ in many dimensions, but most of the variation across 11 ini-
tial conditions is captured by the first two principal components. The first can
be interpreted as measuring macroeconomic imbalance and unfamiliarity with
market processes (market distortions); the second represents the level of social-
ist development and its associated structural distortions (overindustrialization).
Countries cluster into four broad groups. Those in the FSU all started from deep
market distortions, but the Slavic countries were far more developed than those
in Central Asia and had more serious structural distortions. Countries in Cen-
tral and Eastern Europe had fewer market distortions but, being relatively more
developed, suffered from severe structural distortions. China and Vietnam, and
to a lesser extent Albania, had fewer structural and market distortions.

Linkage among initial conditions, policies, and performance is specified by
an equation system. Policy reform, represented by economic liberalization, de-
pends on initial conditions, political change, and regional tensions. Economic
performance, measured in terms of growth and inflation, depends on initial con-
ditions, economic policies, and regional tensions. Cross-section equations sug-
gest that initial conditions are indeed important, both for performance and the
speed of economic liberalization. Political reform, in particular, affects the speed
of economic liberalization.

Comparing actual and predicted economic liberalization provides a new rank-
ing of countries. Mongolia and the Kyrgyz Republic, for example, reformed more
rapidly than would have been expected given their initial conditions; Bulgaria
and Romania reformed more slowly. The performance of the Czech Republic,
normally thought of as a very rapid reformer, is only average once its unusually
favorable initial conditions are taken into account.

Regressions confirm that adverse initial conditions are associated with slower
economic liberalization. This may be because governments are reluctant to ac-
cept the up-front costs of sharp reforms on top of losses from the dissolution of
the old system. Very sharp economic liberalization is indeed associated with an
output contraction, but this is a temporary phenomenon; over time the effect is
offset by the positive cumulative effect of past liberalization efforts. Consistent
with other studies, we find the relation between economic liberalization and
performance to be highly nonlinear over time. With a five-year sample, our analy-
sis is not able to capture the long-run effects of liberalization.

The hypothesis that difficult conditions are associated with slow reforms be-
cause they diminish the effectiveness of reforms is not supported by our regres-
sions. Unfavorable initial conditions discourage reforms, but the effectiveness of
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reforms is not reduced once they are implemented. Moreover, countries cannot

avoid the cost of not reforming, especially if they are deeply embedded in a dis-
integrating economic and political system. Countries fortunate enough to have

exports that can be redirected to market economies-such as Uzbekistan with its
gold and cotton-can, of course, cushion a more gradual reform process more easily
than can other countries. In contrast, having potential exports, such as natural

gas that cannot be exported because of problems accessing pipelines, may delay

essential reforms and reduce performance, as it has in Turkmenistan.
Regressions also confirm the adverse effect of macroeconomic and structural

distortions on performance. Over the first five years, more favorable initial con-

ditions allowed the typical country in Central and Eastern Europe to grow about
5 percent more a year than the Slavic states of the FSU; China and Vietnam grew

14 percent a year more. A possible objection to this large estimate is that the

East Asian experience includes a range of factors, such as culture, not captured
in the initial conditions but nevertheless important in differentiating the Asian
from the European experience. However, the estimation results of the expanded

model, which includes a dummy variable for China and Vietnam, shows that

the two principal components used in the analysis adequately capture the spe-

cific attributes of these countries. In addition, an out-of-sample estimate of the

growth bonus for China and Vietnam, estimated using the sample of Central

and Eastern European and FSU countries only, still suggests an annual growth

bonus of 7 percent. East Asian structural characteristics have been important,

no matter how you look at them. Indeed, because the slope of the iso-growth

lines hardly changes when China and Vietnam are excluded, their structural fea-
tures are almost precisely those that would be predicted to ease transition using

data only from Central and Eastern Europe and the FSU.

Nevertheless, estimates of the relative importance of factors affecting perfor-

mance show that policy is still the most important factor determining growth dif-

ferences across the 28 countries in the sample. Initial conditions dominate in the

inflation equation. Political reform emerges as the most important determinant of

the speed and comprehensiveness of economic liberalization, raising the impor-

tant question of what determines political liberalization. An extension of the model

is considered in which political freedom is treated as an endogenous variable to be

determined by initial conditions, regional tensions, and other factors. The results
suggest the importance of the level of development (PRIN2) in determining the de-
cision to expand political freedoms, which can be viewed as a confirmation of the
Lipset hypothesis in the context of transition.

Our findings may have implications for the growth literature in general. Most
cross-country growth studies include initial income levels as an initial condition
variable. However, one variable may not be enough to capture the diversity of
important initial conditions, such as location and institutions. At the same time,

an inevitable feature of our research design is that the contribution to liberaliza-
tion and economic performance of the different initial conditions cannot be iden-
tified. Questions related to the importance of geography, culture, and history in
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the choice of reform paths are interesting and important, but they are beyond
the scope of the article. They could be the subject of future research.

APPENDIX. DEFINITIONS OF VARIABLES USED IN THE ANALYSIS

* ASIA: a dummy variable assuming value of 1 for China and Vietnam, and 0
otherwise.

* AVFREE: time average of the index of political freedom from Freedom House.
* AVGR: average growth. Growth is measured in percentage terms.
* AVLIB: time average of the liberalization index.
* BLCMKT: black market exchange rate premium.
* FREEDOM: index for political freedom. Source: Freedom House.
* INC: GDP at PPP per capita.
* INDIST: the difference between actual and predicted share of industry in GDP.

* LIB: index of liberalization developed in de Melo, Denizer, and Gelb (1996).
* LOCAT: a dummy variable with 1 if a country has a thriving market economy

as a neighbor.
* LOGAVIN: log of average inflation. Inflation is measured in percentage terms.
* MARMEM: the number of years a transition country has been under central

planning.
* PRGR: average GDP growth for the five-year period prior to beginning of

transition.
* PRILAG: interactive term between PRINi and LIB(-1).

* PR2LAG: interactive term between PRIN2 and LIB(-1).

* PRILIB: interactive term between PRINI and LIB.

* PR2LIB: interactive term between PRIN2 and LIB.

* PRINI: the first principal component, which reflects the degree of macro-
economic distortions.

* PRIN2: the second principal component, which reflects the degree off struc-
tural distortions.

* REPR: a measure of repressed inflation, calculated as the difference between
growth of real wages and real GDP growth over 1987-90.

* RICH: a dummy variable that assumes a value of 1 if a country has economi-
cally important endowments of energy resources.

* RT: regional tensions, a dummy variable assuming value of 1 if a country
has experienced war or blockade in a particular year.

* STATE: a categorical variable with values of 2 if a country was an indepen-
dent state at the beginning of reform, 1 if a country was a member of a
decentralized federal state (Yugoslav republics) or was the core state of a
centralized federal state (Russia, Czech Republic), 0 if none of the above.

* TDEP: a measure of trade dependence, calculated as the ratio between the
average of CMEA (interrepublican for FSU) exports and imports and GDP.

* URBAN: share of urban population in total population.
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Multi-Tier Targeting of Social Assistance:
The Role of Intergovernmental Transfers

Harold Alderman

Albania provides a small amount of social assistance to nearly 20 percent of its popu-
lation through a system that allows some community discretion in determining distri-
bution. This study investigates how well this social assistance program is targeted to
the poor. Relative to other safety net programs in low-income countries, social assis-
tance in Albania is fairly well targeted. Nevertheless, the system is hampered by the
absence of a clear, objective criterion to determine the size of the grants from the cen-
tral government to communes as well as limited information that could be used to
implement this criterion. Substantial gains in targeting could be achieved if the central
government better allocated transfers to local governments, even holding local target-
ing at base levels.

The decentralization of government services is often proposed as a means to better
match preferences and policies, to better execute policies, or both. In targeting
services and transfers to the poor, decentralization may reduce the high costs of
obtaining accurate information on income and needs. Local government offi-
cials, it is argued, are likely to be better informed about their communities and
better able to recognize those who are genuinely poor. Households will be less
able to conceal information about their circumstances from local authorities than
from national authorities. Moreover, because poverty in one community may
be characterized by different indicators than would poverty in another commu-
nity, a decentralized system may also increase the efficiency of a safety net pro-
gram by allowing local authorities to determine local eligibility criteria.

Effective decentralization does not hinge solely on the accountability and ef-
ficiency of local governments, however. Program design requires key decisions
by the central government regarding the allocation of grants among local gov-
ernments to internalize economic externalities and achieve equity goals (Bird and
Vaillancourt 1998, Wildasin 1998). There is an inherent irony in this allocation.
If it is true that local governments have better information about local condi-
tions and preferences than the center government, then this key allocation is made
using incomplete or indirect information: the central government may not have
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the capacity to obtain this information or local governments may not have the
incentive to transmit it.

The relationship between decentralization and poverty alleviation has been
reviewed by Bird and Rodriguez (1999) and Klugman (1997). Coudouel, Marnie,
and Micklewright (1998) looked at safety nets administered by councils of el-
ders in Uzbekistan, and Ravallion (1998) studied a decentralized poverty pro-
gram in Argentina. This article adds to that evidence by examining the Albanian
government's recent attempt to devolve responsibility for a social assistance pro-
gram to local authorities. Two companion studies to this one confirm that, first,
local governments do indeed use information not accessible to the center (Al-
derman 2001) and, second, the center uses political as well as economic criteria
to determine the magnitude of intergovernmental transfers (Case 2001). In this
study I examine the degree to which the central government's mistargeting of
grants influences the ability of the social assistance program to reach the poor-
est households.

I. THE INTERPLAY OF LOCAL AND CENTRAL TARGETING CRITERIA

Decentralization can create economic inefficiencies if firms or individuals are
mobile and make decisions to relocate based on taxation rates or the magnitude
of local transfers. One thread of the analysis of fiscal federalism has investigated
how grants from the center can be designed to avoid incentives for such ineffi-
ciencies. Wildasin (1991), for example, observed that when individual mobility
is considered, efficiency implies that communities with weaker preferences for
redistribution should receive larger subsidies from the center. Ravallion (1998)
added to this literature by including the possibility that different jurisdictions
may have different abilities to administer programs, as well as different prefer-
ences. He observes that theory does not determine whether providing more re-
sources to the poorest communities enhances or hinders poverty targeting. In
Argentina, for example, richer provinces show greater ability or willingness to
target than poorer ones.

Efficiency, however, is not the only reason a central government may want to
create incentives for local governments to redistribute assistance. Inman and
Rubinfeld (1997b) addressed this issue in their discussion of welfare reform in
the United States. They point out that the relative weights that the central gov-
ernment places on economic efficiency and individual rights influences the types
of incentives and controls it chooses. This reflects another thread in the litera-
ture on decentralization: how individuals communicate their interests to gov-
ernments and how different tiers of government are held accountable by their
constituencies and by each other (Inman and Rubinfeld 1997a).

If directly accountable to their consistencies, local authorities may be tempted
to exaggerate the extent of poverty in their area (knowing that such fraud is un-
likely to be uncovered) to increase their share of national funds. This may be the
case particularly if local governments are not required to provide cofinancing, which
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would give them an incentive to maintain fiscal discipline. Similarly, in light of

Wildasin's (1991) observation, communities may not reveal (act on) their prefer-

ences for redistribution in hopes of securing greater funding in repeated budgeting.
The gap between the information on poverty available to local governments

and that transmitted to central authorities has different implications depending
on the program design. For example, whether the central government chooses

to distribute its social programs as entitlements granted to individuals but ad-

ministered by local authorities or as block grants to local authorities can affect
the federal deficit as well as poverty alleviation. In an entitlement program the

central government guarantees that it will distribute social assistance to all house-

holds with incomes lower than a certain threshold. Under this type of program,

mistargeting resources to the nonpoor affects central accounts.
In contrast, under a block grant program the central government gives each

local authority a separate, generally predetermined, grant that it may use to pro-
vide a range of services, including social assistance to poor households within

their jurisdiction. This program lessens the amount of information on the in-

comes of individuals that the central government must obtain, although it still

presumes that the central government has accurate measures of the relative
magnitude of poverty across communities. Misclassifying households need not

affect the total budgetary outlay. However, mistargeting may reduce the local

funds that can be used for poverty alleviation.
Block grants must be allocated according to a formula that determines the

size of the central government's contribution. Often, allocations across commu-

nities are based not only on the size of their populations but also on their pov-

erty rates. But the central government may have relatively little access to this

information-exactly the information that the theory on decentralization posits

they obtain inefficiently. The internal contradiction is not quite as strong as it

appears, however, because regional rankings are probably far more robust than

individual or household rankings. Nevertheless, because survey data are rarely

accurate except at a broad level of disaggregation and because census data are

generally not a good source of data on household income, the central govern-

ment must still determine which available indicators are appropriate before al-

locating block grants.
The strategy I use in this study to explore how allocations from the center

affect local targeting decisions is as follows. The first step is to indicate the sen-

sitivity of allocation to the size of the grant. If the central government adminis-
tered local assistance directly to households as an entitlement, the total alloca-
tion from the center to the community would provide no additional information
than that contained in the household variables that determine eligibility. This
polar case is easily rejected with the available data. Then I explore how much of

an increase in the grant from the center is used to raise the number of recipients
and how much is used to raise the grant per recipient. I use the regressions in
this part of the analysis to project the impact of a more pro-poor allocation from

the center on allocations to low-income households.
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II. SOCIAL ASSISTANCE REFORM IN ALBANIA

As in much of Eastern Europe and the former Soviet Union, the breakdown in
central planning in Albania caused an avalanche of industrial closures. These
led to both massive unemployment and a contraction of state revenues with which
to finance cash transfers and price subsidies for the newly unemployed. In re-
sponse, the Albanian government phased out most consumer subsidies and ra-
tionalized unemployment benefits and social assistance. For example, the gov-
ernment raised wheat and bread prices in two major steps in 1992 and 1993,
leading to more than an eightfold nominal price increase and a tripling of the
real price of bread.

At the same time the government stopped paying the wages of hundreds of
thousands of employees from idled state enterprises and began a policy of lay-
offs. The laid-off workers received a compensation payment equivalent to 80
percent of their wage fixed for a one-year period. By the time that year had ex-
pired, the government had introduced an additional safety net, the Ndihme
Ekonomika (NE) program. The NE program was designed to support urban fami-
lies with no other source of income and rural families with small landholdings.
As the NE is currently the main means of social assistance in Albania, I use the
term synonymously with social assistance in the rest of the article.

Initially, the NE program was an entitlement conditional on an income crite-
rion determined in the Albanian capital, Tirana. The government established and
publicized minimum and maximum levels for the grants and monitored their
distribution. Families applied for NE benefits at local offices of the Ministry of
Labor and Social Protection and had to provide documentation of their land-
holdings and current employment status. Because the program involved no lo-
cal cofinancing (little tax revenue is raised by local governments in Albania), local
councils had little incentive to verify this documentation. Regional officers from
the ministry did, however, conduct spot checks to verify the information pre-
sented by applicants.

In early 1994 the government cut NE funds because it was afraid that the cost of the
program would exceed government resources. Average allocation per commune (an
administrative unit containing up to nine villages and averaging roughly 1,500 house-
holds) was reduced by 25 percent. Although the government considered several ob-
jective formulas to determine the level of funds that should go to each commune, none
were implemented during the period studied. Local jurisdictions were allowed to ap-
peal these cuts (set in Tirana), but the process resulted in a bias toward urban and
politically strategic districts, after accounting for population and poverty levels (Case
2001). The change in the total allocation was not accompanied by a change in the
rules determnining eligibility nor a change in the regulations regarding the level of transfer
per recipient. In effect, the change in allocation required that the communities face a
hard budget constraint, making ad hoc adjustments to the allocation procedure ac-
cordingly. Thus, to a fair degree, the separation of the central funding decision from
the local determination of needs can be considered a de facto decentralization.
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In October 1995 the government reformed the law controlling the NE to make
it more in keeping with a block grant program, which it had become, rather than
an entitlement program, which was its original design. Although the government
retained the upper limit on payments per household, it eliminated the minimum
level except for a small number of physically disabled people. Moreover, local
administrators received the right to retain 50 percent of the difference between
the block grant of social assistance money given to them by the Ministry of Labor
and Social Protection and the amount that they then allocated to local house-
holds. Local authorities were authorized to use these leftover funds to finance
community public works projects and to retain the funds (either physically or
on account) for a year to accumulate the necessary amounts to initiate a project.
However, communes could also have received additional funds from the Minis-
try of Labor and Social Protection (as well as other sources) earmarked for pub-
lic works and, therefore, had little real incentive to use NE funds for such projects.
Because communes were not directly responsible for financing health or educa-
tion, they also had little incentive to use NE funds for these services.

The number of families assisted by the NE program remained fairly constant
between January 1994 and August 1996, even though economic conditions in
Albania improved. In August 1996, when the data for this study were collected,
145,232 families-about 20 percent of the population-received assistance from
the NE program. However, most participating rural families received only a par-
tial payment that was meant to supplement local agricultural earnings. The
average payment in rural areas was only 56 percent of the payment to house-
holds that received the full level of support. In 1996 the NE program accounted
for a little more than 1 percent of gross national product (GNP).

As currently administered, the commune's allocation process has three steps
(Case 1997). First, families apply to the commune's office of social assistance. The
program administrator (an official paid by the Ministry of Labor and Social Pro-
tection) then draws up a list of eligible recipients and estimates a household's needs
according to its size and landholdings, as well as whether household members earn
a wage or receive a pension. This formula is a bit atavistic, reflecting the original
concept of a household entitlement. In August 1996 the core compensation was
calculated as 2,150 lek (US$1 = 104.5 lek) for the first adult in the household and
between 400 and 510 lek for other members in different age categories.

Unemployment insurance and pensions received are then subtracted from this
amount, as is an estimate of potential earnings from land owned by a house-
hold. This estimate is based on per capita land ownership multiplied by a coeffi-
cient that varies according to the quality of the land owned. The formula alloca-
tion is truncated at zero for those above the eligibility threshold, that is, no one
is taxed on the basis of this formula. The formula is also capped with an upper
limit that varied according to household size. The highest value in August 1996
was 5,375 lek ($51.43) per household per month.

Finally, the elected commune council determines the actual allocation for each
household. The council is free to add or subtract names, as well as to adjust the
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IV. TARGETING EFFECTIVENESS

Almost half of the poorest families (those in the first decile, with per-capita ex-
penditures less than 2,422 lek per month or US$23.18) received some assistance
from the NE program between October 1995 and August-November 1996. In
contrast, few of the comparatively well off households received assistance. When
households are ranked by per-capita expenditures, there is a sharp decline in the
share of social assistance going to each decile (figure 1). Nevertheless, most poor
households are excluded from the program; even though the poorest decile re-
ceived 36 percent of total NE expenditures, slightly more than half of these house-
holds did not receive social assistance (figure 2).

If the poor are defined more broadly to include the poorest four deciles (with
expenditures less than 4,183 lek per month or US$40.03), the share of expendi-
tures going to the poor rises to three-fourths of all NE expenditures. But, still,
more than 70 percent of the poor do not receive NE benefits. The share of ben-
efits going to the poor in Albania compares favorably to the share going to the
poor in successful targeted food stamp programs, such as those in Jamaica or
Sri Lanka (Alderman 1991), means-tested pensions in South Africa (Case and
Deaton 1998), or most targeted programs in Latin America (Grosh 1994).

I measure expenditures in these estimates by subtracting the NE transfers from
total expenditures. This tacitly assumes that private transfers to a household and
the household's work effort are unchanged by the availability of benefits. This
ex ante estimate of expenditures can be regarded as a lower bound of what house-
hold welfare would have been if there were no social assistance. Generally, a
change in pensions or state transfers is partially compensated by an increase in
private transfers, although this compensation is usually much less than one for
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one (Cox, Jimenez, and Jordan 1995). However, if the benefits from the NE pro-
gram substitute fully for private transfers and work effort, it must be assumed
that households will gain increased leisure as a result of receiving NE benefits,
whereas their nonresident relatives who would have otherwise sent them money
will have higher consumption.

Even so, the distribution of the NE looks similar to the ex ante rankings-
because few poor people become nonpoor on receiving NE benefits. The NE pro-
gram raises 13 percent of the households in the poorest decile above the poverty
line, as compared with only 3.5 percent of households in the poorest four deciles.
The benefit that is transferred is modest relative to the average income of the
population. Recipient households in rural areas receive, on average, 289 (stan-
dard deviation = 211) lek per capita per month in NE benefits. Although a lower
percentage of urban households receive assistance, those that do qualify receive
590 (standard deviation = 189) lek per capita per month.

V. REGRESSION ANALYSIS

This overall targeting performance reflects both the effectiveness of the alloca-
tion in each community as well as the ability of the central government to deter-
mine the amount that each community should receive. I estimate two sets of
regressions to see how the size of the grant to the community affects poverty
targeting within the local jurisdiction. First, I estimate the probability that a
household receives social assistance using a probit regression. Second, I regress
the amount received per household on a set of household characteristics, condi-
tional on the household receiving some assistance. This made it possible to in-
vestigate whether local authorities use increases in their allocations from the
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central government to raise the number of beneficiaries or to raise the payment
to existing beneficiaries. 3

Results of the Decomposition

The coefficients of expenditures show that as expenditures increase, both the
probability of support and the amount of assistance provided to a household,
conditional on its being a recipient, decreases, holding family composition and
assets constant (table 1).4 This decline with rising consumption indicates the
poverty targeting of the program.

The results also show that pensions and the presence of a wage earner influence
the amount of social assistance received in a manner that differs from the overall
effect of total expenditures. That is, families receiving pensions or earning wages
are not treated the same as families with equal levels of consumption supported
from other sources of income or transfers. There is an additional reduction in the
probability of assistance for pension recipients and wage earners beyond the im-
pact of the increased consumption financed by such income. The impact of hav-
ing a wage earner or receiving a pension is similar. The average value of an old-
age pension, conditional on having one, is 2,455 lek per month, and the value of
other pensions is 2,199 lek. Thus, the average reduction in the probit equation
would be 0.8 for an old-age pension and 0.9 for the others. Both of these are close
to the coefficient in the probit for having a wage earner in the household (-1.1).
Commune officials may be better able to observe these sources of income than
other sources, although they do not yet have access to computerized files to verify
pensions. Pensions and wages do not have a significant effect on the amount of
assistance conditional on having been selected, possibly because these households
have concealed this information from community officials.

The regressions in table 1 also include a measure of the amount of assistance
that the Ministry of Labor and Social Protection provides to local authorities.
These data are taken from ministry records and verified with local officials. In
the first two regressions this measure is averaged over all households. It might
seem unremarkable that the resources provided to the local authority are strongly
correlated with the amount of assistance a household receives. However, the
significance of the variable for the allocation from the center is a simple test of
the departure from a program that bases allocations on a common formula or
entitlement. Rural households in communities with higher than average per-
household grants from the center receive more than similar households in other
communities. Excluding the variable that measures the allocation from the cen-

3. The analogous probit and conditional ordinary least squares (OLS) regressions for urban areas

are less informative than those for rural areas because the urban sample is smaller than the rural sample
(especially the sample used in the conditional OLS). However, these results also indicate poverty target-
ing in urban areas (Alderman 2001).

4. Alderman (2001) indicated that the measurement of a commune's targeting by expenditures is
robust to alternative definitions of expenditures as well as to whether observed or predicted expendi-
tures are used.
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TABLE 1. Decomposition of Rural Social Assistance into Probability of
Assistance and Amount Received

Probit Conditional OLS Probit Conditional OLS

(dependent (dependent (dependent (dependent
variable = 1 variable = 1 variable = 1 variable = 1
if received if received if received if received

Variable assistance) assistance) assistance) assistance)

Old-age pension (lek) -.00032 -5.5 x 10-5 -.00032 0.9 x 10-5
(5.41) (0.82) (5.36) (0.12)

Other pension (lek) -.00040 -9.4 x 10-5 -.00039 3.7 x 10-5

(3.37) (0.66) (3.37) (0.26)

Wage earner (1 = yes) -1.124 0.046 -1.110 0.169

(6.28) (0.21) (6.32) (0.69)

Predicted expenditure -.000053 -.000056
(2.96) (3.34)

Logarithm of total expenditure -0.228 -0.237

(2.51) (2.64)

Distance to commune offices .00066 1.8 x 10-4 .0010 1.8 x 10-4

(minutes) (0.66) (0.17) (0.90) (0.17)

Logarithm social assistance .619 .381

to commune per household (5.56) (2.76)

Logarithm social assistance 0.422 0.266

grant ratio (3.07) (2.28)

Value of land (100 lek) -6.96 x 10-5 5.31 x 10-6 -9.18 x 10-7 -2.96 x 10-8

(3.03) (0.30) (3.92) (0.14)

Value of animals (100 lek) 6.17 x 10-5 08.18 x 10-6 -1.05 x 10-7 1.31 x 10-7

(0.49) (0.06) (0.08) (0.09)

Number of children 0.180 0.094 0.190 0.071

age 5 and under (3.45) (1.99) (3.01) (1.38)

Number of male children 0.045 0.043 0.092 0.053

age 6-15 (0.66) (1.09) (3.01) (1.19)

Number of female children 0.094 0.054 0.116 0.383

age 6-15 (1.91) (1.36) (2.42) (0.95)

Adult males 0.162 0.041 0.178 0.494

(1.96) (095) (2.18) (1.10)

Adult females 0.321 0.104 0.333 0.0808

(4.59) (1.78) (4.94) (1.46)

Elderly 0.280 -0.259 0.314 -0.276

(1.69) (2.49) (1.81) (2.49)

Mills ratio 1.14 -0.313

(1.00) (1.90)

Sample size 1091 303 1091 303

Note: The dependent variable in the OLS regressions is the monthly receipt of social assistance per

household in August-November 1996. t-statistics (in parentheses) are corrected for heteroskedasticity
and cluster sampling.

Source: Author's calculations.
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tral government (results not shown) lowers the magnitude of the coefficient of
household expenditures in the probit regression by only 2 percent and that of
the logarithm of expenditures by 20 percent in the conditional regressions.

With these results, it is possible to directly estimate (using logarithms) the
proportional increase in assistance that local authorities give to each household
when the household receives a proportional change in its allocation from the
central government. To elaborate, the expected value of assistance from the NE
program is the product of the probability that the household obtains assistance
and the average value of assistance for those households that receive NE ben-
efits. Using the formula for a derivative of a product, it is then possible to deter-
mine the overall change in the logarithm of NE benefits given a change in the
logarithm of grants to the community (LnGr) using the regression for eligibility
and conditional allocation. In particular:

(1) 5(LnNE) / 6(LnGr) = [5(Probability) / 6(LnGr)] * E(LnNE I NE > 0)
+ [6(LnNE) / 8(LnGr)] * E(Probability)

where Probability refers to the probability that NE benefits>0, and E(.) denotes
the expected value. Thus we can construct the elasticity of household allocations
with respect to the grant to local authorities from the central government using
the derivatives of the probit results calculated at the mean of all variables and
the coefficients of the conditional OLS.

This elasticity is 1.09. It is not significantly different than 1.0, which would
be its value if local authorities do not use their extra resources to fund other
projects as their allocation from the central government increases. This pass-
through of central funds to the individual is much larger than is common in other
countries (Hines and Thaler 1995). However, it is important to recall that the
range of activities that is or can be legally funded by local governments is lim-
ited in Albania. The most obvious alternative use of NE funds is for public works.
But communes may also receive additional funds from the Ministry of Labor
and Social Protection (as well as other sources) earmarked for public works and,
therefore, have little incentive to use NE funds for this activity. Communes have
rarely used social assistance funds for such endeavors (Agolli 1997).

More than 90 percent of the increase in allocation from the central govern-
ment is used to raise the number of families in the community that receive assis-
tance rather than to raise the payment to existing recipients. In other words, the
first term in equation 1 dwarfs the second. This is the case even though recipi-
ents of social assistance in rural areas receive little money compared to recipi-
ents in urban areas.

In lieu of the measure of per-household allocation, the regressions in columns
three and four of table 1 include a measure of funding for social assistance at the
level of the commune that is scaled according to each community's need. The
indicator of the grant from the center in these regressions is the ratio of the per-
household grant from the Ministry of Labor and Social Protection to the amount
of social assistance that would have been received if assistance was based on the
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formula for allocation that was used when the program was first introduced. As
mentioned above, this formula is still the first step in determining assistance. The
ratio of the ministry's allocation relative to the formula used to estimate need
averaged only 0.17 (standard deviation = 0.14) in rural areas. Using a measure
of assistance provided by the center that is scaled to an assessment of the aver-
age level of need in the community does not change the qualitative result. As
with the regressions that use average grants per household, the coefficient of this
ratio indicates that communities devote most of an increase in the amount of
social assistance from the center to include more households in the program rather
than to increase allocations to recipients.

Alternative Regression Specifications

Before addressing the main objective of this study-assessing the sensitivity of
poverty targeting at the household level to variations in the size of grants from
the center-it is useful to explore two variations of the regressions reported. First,
the first four columns of table 2 indicate that there are no significant differences
across expenditure groups in terms of the change in the amount of assistance
received when the central government's allocation to the local authority changes.
This implies that local authorities appear to make an across-the-board propor-
tional adjustment to their per-household allocations rather than to protect the
poorest from shortfalls by cutting their allocation less than the allocation to those
who are less poor. 5 Given that the poorest households receive more assistance
than less poor households, a proportional change in the allocation from the cen-
tral government results in a higher absolute adjustment of payments to poorer
households when there are shortfalls in the availability of social assistance.

Second, the last four columns of table 2 provide some assurance that the rela-
tionship between the assistance received by the household and the size of the grant
to the community is not a result of the endogeneity of the grant. To address the
possibility that the Ministry of Labor and Social Protection observes aspects of
community poverty that are not specified in the regression in table 1 but are cor-
related with assistance provided to households, the final two pairs of regressions
use instrumental variables for the grant to the community (or the grant ratio). The
instrument for the community grant is based on auxiliary regressions relating the
grant to the population of the commune, the average size of land cultivated, whether
the mayor is of the same party as the central government, the percentage of votes
for the referendum on the constitution (favored by the Democratic Party in power),
and the percentage of votes squared. Case (2001) indicates that the voting pattern
of the commune is a strong determinant of the allocation from the center. In the
regressions used here, the F-test statistic(3,44) for the significance of the three elec-
tion variables is 4.21 for the logarithm of the per household grant (regression R2

5. A commune may cut the allocation to the poor less when there is a shortfall and raise it more
when there is a windfall. Although a dynamic data set is better suited for testing this, I did allow the
coefficient of the grant from the center to the poor to vary if the average grant was greater or less than
the median. There was no significant difference in these coefficients.



TABLE 3. Poverty Targeting of Alternative Proxy Indicators

Basing grants on
share of rural or Basing grants on

Predicted urban poverty total poverty Equating per

allocations Poorest Poorest Poorest Poorest household
Current using table 2, 10 40 10 40 grants to
patterns columns 1 & 2 percent percent percent percent community

(1) (2) (3) (4) (5) (6) (7)

Percentage of poorest 48.9 53.6 64.1 62.3 65.7 62.4 60.1
10 percent receiving
assistance

Percentage of poorest 37.4 44.7 50.5 50.9 51.0 52.2 52.0
00 20 percent receiving

assistance
Percentage of poorest 29.2 31.7 33.9 34.1 34.9 36.1 35.4

40 percent receiving
assistance

Share of total allocations 35.7 38.4 42.3 40.3 49.2 46.4 43.5
received by poorest
10 percent

Share of total allocations 52.2 58.S 65.7 64.9 72.7 73.0 70.8
received by poorest
20 percent

Share of total allocations 74.8 80.3 87.4 86.5 93.2 95.5 91.4
received by poorest
40 percent

Source: Author's calculations.
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if the target group were defined to include the poorest 40 percent of the popula-
tion. The degree of improvement in the inclusion of poor households differs little
depending on whether the share of the poor in the local authority's area of
jurisdiction is calculated on the basis of the total number of households in the
poorest 10 percent, the poorest 20 percent (not shown in the table), or the poor-
est 40 percent of the sectors' population (column 4).

Both indicators of targeting effectiveness improve further if the number of rural
recipients is not held constant and if the total funding to the community is based
on the share of poverty across sectors rather than within a sector (columns 5
and 6). The improvement is especially marked for the share of funds going to
the poorest decile, which would increase by nearly 40 percent over the baseline
simulation. Finally, the last column of table 3 shows that if the central govern-
ment allocated grants to cities and communes on an equal per-household basis
and if the cities subsequently allocated these funds in accordance with the re-
sults in table 2, targeting would still improve over the values predicted from
current behavior. The amount of funding received by the poorest deciles would
increase in rural areas, where more of the poorest households reside. Currently,
these areas have a comparatively large number of recipients who each receive a
relatively small grant.

VI. CONCLUSIONS

Two of the results reported here should be highlighted. First, social assistance is
well targeted to the poor in Albania compared with other developing countries.
Second, local authorities better allocate social assistance among households than
does the central government among local authorities.

To elaborate, the observation that half of social assistance is going to the poor-
est quintile is analagous to the proverbial half-full/half-empty cup. The program
is as well targeted as many of the more effective programs of price subsidies or
food-related transfers elsewhere in the developing world (Alderman 1991, Alder-
man and Lindert 1998, Grosh 1994) or as other cash transfer programs in non-
OECD countries, such as South Africa's pension program (Case and Deaton 1998).
The fact that social assistance in Albania is well targeted is particularly notewor-
thy because both the size of the total assistance budget relative to overall public
expenditures and the low level of income inequality in Albania-hence the diffi-
culty of distinguishing the poor from the nearly poor-might have led to a less
favorable outcome. Still, there are many poor people who are not covered.

The weak link in the chain from the center to the poor appears to be the process
by which the center allocates funds to the communes. In the absence of informa-
tion other than land holdings and the number of people receiving pensions-the
Ministry of Labor and Social Protection does not even have unemployment
statistics disaggregated at the level of the commune-the allocation of social
assistance funds from the central government to local authorities is ad hoc and
is not strongly correlated with the level of poverty in local communities. This is
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fully in keeping with other evidence for Albania (Case 2001) and with global
experience (Coudouel, Marnie, and Micklewright 1998, Bird and Rodriguez
1999, Schady 2000, Galasso and Ravallion 1999).

If the central government in Albania were to make NE into an entitlement pro-
gram or if it were to make the allocation among communities conform more
closely to their poverty rankings, the targeting efficiency of the program would
improve even more. More funding would be required to make NE into an en-
titlement program. To allocate funds according to communities' poverty rank-
ing, the central government would require more information than is currently
available. However, the scenarios studied show that the improvement is not
particularly sensitive to whether a low or high poverty is used to rank commu-
nities. Also, any improvements in targeting at this first level do not pose the same
disincentive effects that are possible with improved targeting at the individual
level.

Unlike many studies that highlight a problem for which no easy solution is
apparent, this study presents a problem for which there are solutions. In par-
ticular, a number of recent improvements in poverty mapping can provide trans-
parent poverty rankings for small local government units. For example, precise
poverty mapping can be achieved by linking household survey data to census
data (Hentschel and others 2000, Statistics South Africa 2000). To be sure, Al-
bania did not have a census at the time of this research. However, once such
data are obtained, it is a fairly simple exercise to construct such a mapping.

This study highlights the fact that in order to take advantage of local govern-
ments' assumed access to local information, there must be a corresponding flow
of information to the center as well as an incentive to use this information. The
greater complexity of decentralized programs may raise the potential of improved
delivery, but also increases chances for misallocating funds at different nodes.

APPENDIX

TABLE A-1. Means and Standard Deviation of Key Variables

Rural Urban

Assistance Assistance
recipients recipients

Variable All only All only

Social assistance (lek/month) 230.09 1,280.46 261.04 2,326.52
(612.09) (860.54) (781.74) (801.01)

Recipients Y/N 0.18 1 0.11 1
(0.38) (0) (0.32) (0)

Formula allocation (lek) 1,639.64 2,807.04 2,168.88 3,125.75
(1,502.34) (1,141.92) (1,697.27) (1,235.69)

Expenditures 21,251.29 16,356.13 23,725.29 18,517.78
(lek/household/month) (11,080.35) (9,095.66) (10,331.58) (8,039.57)

Expenditures less durables 20,948.45 16,233.84 23,008.55 18,135.12
(lek/household/month) (10,828.81) (9,014.68) (9,935.13) (7,898.67)

(continued)
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TABLE A-1. (continued)

Rural Urban

Assistance Assistance
recipients recipients

Variable All only All only

Expenditure less housing and 18,590.93 14,305.87 17,548.27 13,634.78
durables(lek/household/month) (10,305.82) (8,360.92) (9,001.68) (6,757.69)

Household size 4.91 5.12 4.06 4.19
(2.19) (2.23) (1.47) (1.67)

Wage earner (1 = Yes) 0.22 0.06 0.47 0.08
(0.41) (0.24) (0.50) (0.27)

Value of animals (100 lek) 649.17 559.42 36.99 0
(579.78) (443.94) (207.81) (0)

Value of land 4,599.68 1,442.87 1,019.67 30.25
(7,213.47) (2,566.70) (6,566.09) (224.92)

Old-age pension (lek) 837.56 225.96 1602.01 704.70
(1,543.68) (703.59) (2,550.95) (1,886.07)

Other pensions (lek) 133.93 46.60 165.66 35.76
(598.42) (341.95) (874.21) (214.91)

Number of children 0.68 0.92 0.42 0.57
age S and under (0.87) (0.95) (0.67) (0.86)

Number of male children 0.59 0.73 0.42 0.54
age 6-15 (0.83) (0.95) (0.67) (0.73)

Number of female children 0.64 0.65 0.47 0.72
age 6-15 (0.84) (0.87) (0.66) (0.72)

Number of adult males 1.36 1.23 1.21 1.07
(0.90) (0.77) (0.77) (0.61)

Number of adult females 1.18 1.23 1.10 1.14
(0.81) (0.73) (0.67) (0.47)

Number of elderly males 0.30 0.21 0.23 0.09
(0.46) (0.42) (0.43) (0.29)

Number of elderly females 0.38 0.24 0.35 0.14
(0.51) (0.46) (0.50) (0.36)

Travel time to commune office 57.57 72.28 13.71 16.34
(48.37) (56.14) (8.81) (8.83)

Grant to commune (lek) 290.54 487.69 574.25 585.74
(256.52) (262.34) (186.33) (183.57)

Grant to commune as ratio 0.17 0.23 0.26 0.27
to requirements (0.14) (0.12) (0.06) (0.07)

Source: Author's calculations.
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Flight Capital as a Portfolio Choice

Paul Collier, Anke Hoeffler, and Catherine Pattillo

This article sets flight capital in the context of portfolio choice, focusing on the pro-
portion of private wealth that is held abroad. There are large regional differences in
this proportion, ranging from 5 percent in South Asia to 40 percent in Africa. The
authors explain cross-country differences in portfolio choice using variables that proxy
differences in the risk-adjusted rate of return on capital. They apply the results to three
policy issues: how the East Asian crisis affected domestic capital outflows; the effect of
the International Monetary Fund-World Bank debt relief initiative for heavily indebted
poor countries on capital repatriation; and why so much of Africa's private wealth is
held outside the continent.

In this article we estimate the stock of flight capital held abroad and compare it
with the stock of real (nonfinancial) capital held within a country. This is of
interest for two reasons, one at the aggregate level and the other at the level of
the individual agent.

At the aggregate level, many of the problems commonly associated with capi-
tal flight are more closely associated with large proportions of real wealth held
abroad than with the magnitude of annual outflows. First, there are large differ-
ences in the shares of wealth held abroad. In the regions with the most severe
capital flight, the phenomenon has cumulatively accounted for a major reduc-
tion in the real capital stock per worker, with concomitant effects on income.
Second, the concern that capital flight erodes the domestic tax base is more spe-
cifically an argument that a large share of private wealth held abroad reduces
the domestic tax base. Third, the potential for capital flight repatriation depends
on the share of wealth held abroad and how changes in policies affect expecta-
tions of risk-adjusted returns such that desired portfolio allocations change.

At the level of the individual agent, wealth held abroad reflects a portfolio
choice, like the decision to hold any other asset. Typically, the decision as to
how much of a particular asset to hold will be determined both by the relative
attraction of the asset and by the amount of wealth. Similarly, the amount of
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wealth held abroad will be determined both by the relative attractions of do-
mestic and foreign assets and by the overall endowment of wealth. Thus, the
decision problem is the allocation of a stock of assets. To date, however, empiri-
cal studies of capital flight usually have not analyzed it as reflecting the choice
of a stock of foreign assets held as part of a stock of wealth. Instead, they have
focused on the annual flow. This has reflected not a mistake of specification but
rather a lack of data on stocks, both of capital flight and of overall private wealth.
An exception is Cline (1995), who estimates the stock of flight capital for six
Latin American countries and the Philippines and then compares it with the stock
of some liquid domestic financial assets.

The innovation of this article is to build estimates of the stock of private flight
capital and the stock of total private real wealth for 50 countries. These stocks
are combined to estimate the proportion of total real wealth held abroad. This
portfolio choice then becomes the dependent variable, which we explain in terms
of national endowments and national policies.

Section I discusses the data and presents descriptive statistics on portfolio
choices by region. Section II reviews the literature on capital flight and develops
a framework for analyzing flight capital as a portfolio choice. In section III we
test the framework, using data for 1970-90, and establish the determinants of
portfolio choice. Section IV develops three applications. First, we investigate the
impact of the deterioration in East Asian risk ratings following the recent cur-
rency crises on East Asian portfolio choices. Second, we investigate the effect of
the heavily indebted poor countries (HIPC) debt relief initiative on portfolio
choices: to what extent will forgiveness of public debt induce private capital
repatriation? Finally, we investigate why Africa has had so much capital flight
relative to other continents. Section V concludes.

I. PORTFOLIO CHOICES BY REGION

The estimation of portfolio choices requires comparable measures of the stock
of flight capital and the stock of private wealth. We discuss these two measures
in turn and then aggregate them at the regional level.

Measuring the Stock of Flight Capital

The literature discusses a number of choices involved in the measurement of
capital flight as a flow (see, in particular, Claessens and Naude 1993).1 The World

1. Claessens and Naud6 (1993) present estimates of capital flight using the four most common ap-
proaches: (1) the residual approach (used by the World Bank, Morgan Guaranty, and Cline); (2) mea-
suring the stock of unreported assets (Dooley's method); (3) hot money measures (Cuddington 1986);
and (4) measuring trade misinvoicing. The flows we term World Bank estimates are the authors' vari-
ant of the World Bank measure. They show that although the Dooley and residual measures differ greatly
in conceptual approach, a Dooley measure of the flow of capital flight can also be obtained using a
residual method. In section IV we show that our results are robust to calculating our capital flight stocks
using the different measures of capital flight. See appendix III in an earlier version of this paper (Collier,
Hoeffler, and Pattillo 1999). This version also contains other, more detailed appendices.
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Bank calculates capital flight using a variant of the residual method in which
outward capital flight occurs when sources of funds exceed uses of funds. Sources
of funds include all net official inflows and the net flow of foreign direct invest-
ment, and uses of funds include the current-account deficit and additions to re-
serves.2 In our estimation of stocks, we take the World Bank estimate of flows
as our starting point. However, this series estimates capital flight only from the
capital account of the balance of payments; it omits any capital flight through
misinvoicing of trade. We add trade misinvoicing to the World Bank figures.
Another departure from the World Bank concept of capital flight is that we do
not deduct private nonguaranteed debt. That is, our concept uses gross rather
than net private assets. The rationale for this is that behavioral claims and off-
setting liabilities are not equivalent to the absence of claims, partly because the
claims and the liabilities generally do not refer to the same agents.

To convert these flows into stocks requires an assumption as to the rate of re-
turn. We apply the interest rate on U.S. Treasury bills. A problem is that the net
flow of apparent flight capital is sometimes negative. This can occur for two rea-
sons. First, previous flight capital might be repatriated. Second, agents might bor-
row internationally. Clearly, this second phenomenon is conceptually distinct from
capital repatriation and needs to be distinguished from it empirically. Following
the World Bank methodology, we treat all the stocks of flight capital as being zero
at the start of our period of observation, 1970. However, following Cline (1995)
we count the stock of flight capital as becoming positive in the first year that the
flow of capital flight becomes positive. In effect, we treat early years of negative
flows as the accumulation of debts that are not reduced by subsequent capital flight.
Our flight capital stocks are thus gross of indebtedness.

If flows subsequently turn negative, we treat it as the repatriation of capital. In
this we slightly depart from Cline, who assumes that only half of the flow is repatri-
ation, the other half being foreign investment. Because foreign investor capital in-
flows are separately and generally fairly accurately recorded in the balance of pay-
ments, Cline's adjustment seems unwarranted. Although we thus count negative
net capital outflows as capital repatriation, we do not allow the stock of flight capital
to fall below zero, consistent with our distinction between capital repatriation and
foreign borrowing. Hence, a country that had an annual net flow during the first
five years of -3, -4, +3, -1, and -5 would, by our measure, have a stock of flight
capital in each of these years (before allowing for interest) of 0, 0, 3, 2, and 0.

The flight capital stocks are converted to real 1985 U.S. dollars to make the
figures comparable to our private capital stock measures.

Measuring the Stock of Private Wealth

We measure the stock of private wealth as the sum of flight capital as measured
above, private real capital stock, and quasi-money. To measure the real private

2. Most of the data comes from the balance of payments. For net official external borrowing, how-
ever, World Bank debt data are used, because they are likely to be more accurate.
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capital stock, we first obtain a measure of the aggregate capital stock from the
flows of past investment, following the method of King and Levine (1994). We
estimate the initial capital stock for 1960 and use the perpetual inventory method
to obtain annual values for the capital stock for 1960-90.3 We then disaggregate
this total capital stock into its public and private components. The starting point
is the public investment data from Easterly and Rebelo (1993), which we combine
with World Bank data on gross domestic investment to calculate private invest-
ment. We adjust the public and private investment shares to be comparable to Penn
World Tables data by using the ratio of gross domestic investment in domestic
currency in 1985 to purchasing-power-parity-adjusted investment in 1985. Thus,
our measure of private domestic wealth is in units of 1985 dollars at U.S. relative
prices and so is directly comparable to our measure of flight capital.

We work with two concepts of private wealth. The first is private real wealth,
which is the sum of the private real capital stock and the stock of flight capital.
At the aggregate level, it is the allocation of private wealth between these two
components that is important for income and growth. The second concept is
private total wealth, which is the sum of private real wealth and quasi-money.
Quasi-money is only one component of the financial wealth of private agents,
however, it is the only one for which satisfactory data could be obtained for a
reasonable sample of countries. It should be noted that important components
are omitted, notably domestic bonds and pension claims.

Because the importance of these components differs systematically between
regions, our regional wealth measures contain an unavoidable element of bias.
Similarly, to the extent that some components of real wealth, such as subsistence
livestock (which may be atypically important in Africa) and jewelry (which may
be atypically important in South Asia), tend to be underestimated in national ac-
counts, we can expect spurious differences between regions. Furthermore, the
mapping from (observed) investment to (unobserved) wealth may differ system-
atically because of unobserved differences in depreciation rates between regions.
For example, Africa might have atypically high depreciation rates. However, if
regional biases are substantial, they will show up in our subsequent regression
analysis in the form of significant and large regional dummy variables. In fact, only
one such dummy is significant, namely, that for Latin America. This suggests that
for other regions our measurement biases are not, in aggregate, substantial.

Flight Capital Portfolio Choices by Region

Table 1 summarizes the descriptive statistics for each region. The table includes
only 50 countries, so no region is covered comprehensively. The most complete
data is for Sub-Saharan Africa, for which 22 countries are included. For each
region, the figures for capital (and real wealth) per worker are the sum of the
capital (wealth) over the countries covered, divided by the sum of the work force

3. Although there are some existing capital stock measures available, using the King and Levine method
allowed us to calculate capital stocks for a larger number of countries and an extended time period.
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TABLE 1. Private Wealth and Its Composition by Region, 1990
(1985 US$)

Public Private Private Capital
capital wealth capital flight Capital Estimated

per per per per flight output
Region worker worker worker worker ratio loss (%)

Sub-Saharan Africa 1,962 1,758 1,062 696 0.40 0.16
Latin America 8,576 19,362 17,439 1,923 0.10 0.04
South Asia 2,008 1,930 1,840 90 0.05 0.02
East Asia 4,505 10,331 9,704 627 0.06 0.02
Middle East 4,985 6,030 3,708 2,322 0.39 0.16

Source: Authors' calculations.

in the same countries. Similarly, the flight capital ratio is the sum of flight capi-
tal for the region divided by the sum of private real wealth. The regional data
should be treated with some caution. As noted, the coverage is limited to a mi-
nority of countries within each region and so may not be representative. Fur-
thermore, there are large differences within each region.

The table shows four striking results. First, the differences between regions in

private capital per worker are far larger than those in public capital. Second, by
1990 Africa was remarkably short of private capital, both absolutely and rela-

tive to public capital. In absolute terms it had barely half that of South Asia, the
next most capital-scarce region. In relative terms, it had less private capital per
dollar of public capital than any other region. Third, and most remarkably, Africa
had the highest incidence of capital flight. Despite its capital scarcity, it slightly
exceeded even the Middle East in the high proportion of private wealth held
abroad: 40 percent of private portfolios were held outside the continent. Were
Africa able to attract back this component of private wealth, the private capital
stock would increase by around two thirds. Fourth, East Asia had a very low
proportion of private portfolios held abroad, despite having a high level of pri-

vate wealth. In view of the recent capital flight from the region, this is of some
interest, suggesting that before the crisis East Asian wealth holders were unusual
in the extent to which they retained their wealth domestically.

We estimate the implications of these differential portfolio choices for the level
of output in each region. For this we estimate production functions that distin-
guish between private and public capital stocks. The regression is estimated as a
cross-section relationship using period averages for 1980-90. The dependent
variable is the log of gross domestic product (GDP), and the explanatory vari-
ables are the logs of the public and private capital stocks and the log of the labor
force. Unobserved country-specific effects are proxied by the residuals from a
Solow growth model to control for differences in technology across countries
(Hoeffler 1998). All variables in the regression are highly significant, and the
coefficients on the inputs sum to unity. For the present purpose, the important
coefficient is that on private capital stock, namely, 0.40. In table 1, we use the
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coefficient on private capital to convert the estimated loss of domestic private
real wealth into an estimated loss of GDP. Thus, Africa is estimated to have a
level of GDP 16 percent lower than it would have if it had been able to retain its
private wealth.

Our production function has another important implication. It distinguishes
between the contributions of private and public capital stocks and finds that the
coefficient on private capital stock, at 0.40, is significantly larger than that on
public capital stock, 0.24. The implication is that capital flight is disproportion-
ately damaging because it is the loss of private capital: it requires almost $2 of
public capital to offset the loss of $1 of private capital. In Africa the loss of pri-
vate capital per worker was $696, so that it would have required $1,160 of public
capital to offset this loss. Because the actual public capital stock per worker was
only $1,962, around 60 percent of the public capital stock was in effect simply
offsetting private capital flight.

II. MODELING CAPITAL FLIGHT

Although the view of capital flight as part of a portfolio allocation decision is
implicit in much of the theoretical and empirical literature, it has not been inves-
tigated explicitly. Empirical models have analyzed the determinants of the flows
of capital flight, not capital flight as a share of wealth. Based on portfolio consid-
erations, however, the models often include interest differentials in explaining flows
of capital flight. Theories have focused on tax and tax-like distortions that lower
returns and add risk to domestic financial and physical assets, leading to capital
flight, and on how often these risks are related to foreign borrowing.

Our starting point is a standard portfolio model, which Sheets (1995) presents
as applicable to the capital flight decision. Capital flight arises from portfolio di-
versification incentives, return differential incentives, and relative risk incentives.
Is capital flight explicable in the same manner as, say, allocating a portfolio across
domestic bonds and equities, that is, in terms of a standard portfolio model? It is
likely that the standard model will need to be modified and broadened. We review
theories of capital flight to determine what special features would need to be added
to a standard portfolio choice problem to reflect the particulars of allocating wealth
to capital flight and domestic investment.

In one of the first theoretical models, Khan and Haque (1985) show that two-
way capital flows, private capital flight occurring simultaneously with private for-
eign borrowing, can arise in a model where domestic and foreign investors face an
asymmetric risk of expropriation. 4 Domestic investors face a higher risk of expro-

4. Much of the literature has been concerned with explaining two-way capital flows, private capital
flight occurring simultaneously with private or public foreign borrowing. This phenomenon is not easy
to rationalize within standard theoretical models of optimal borrowing decisions. Although this issue is
not important for our inquiry, we will be interested in the nature of the causal relationship between
foreign borrowing and capital flight. The issue of rationalizing two-way capital flows is thus a prior
question to causality-that is, why do foreign borrowing and capital flight occur at the same time?
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priation, so they invest abroad, and domestic investment is consequently financed

with foreign funds. Dooley (1988) also focuses on the notion that domestic and
foreign investors face asymmetric risk but broadens the source of the risk to the

wide range of implicit taxes, generated by, say, rapid inflation or exchange rate

depreciation. A fiscal shock may lead to increased government reliance on the
inflation tax, which erodes the value of domestic financial assets and leads resi-

dents to acquire foreign assets. Foreign investors could be attracted by the fall in
prices (increase in yields) as domestic residents liquidate their domestic securities.

Foreigners face less risk because they are often able to get claims denominated in

foreign currency, and these have explicit or implicit government guarantees.
The capital flight literature has built on these early theoretical models, essen-

tially extending them in three directions. First, the risk of expropriation has been

generalized to the risk of high taxation and related to large foreign borrowing.

In most of these models, capital flight is subject to herding-as more capital flees,

the expected per-capita tax liability increases and heightens the incentives for

further capital flight. Second, political economy models have endogenized the

reasons why governments may levy punitively high and variable taxes on do-

mestic assets. Third, public finance models have focused on the effects of capital

income taxation that varies de facto by residence and source, explaining capital

flight and domestic investment financed with foreign borrowing.
We focus on the first category of models, because they have implications for

empirical work, and briefly mention the other categories. In Eaton (1987), the

expectation of increased tax obligations created by the potential nationalization

of private debt generates capital flight. In his simplest model, private borrowers

can invest their own and borrowed funds abroad, where they earn less than

domestic investment projects. But the borrower escapes the obligation to repay

the loan or to pay taxes. Potential nationalization of private debt implies that

the flight of the capital of any one borrower increases the tax obligations of re-

maining borrowers. In one equilibrium, borrowers invest domestically and loans

are repaid, and in another there is capital flight and default on foreign loans.

Eaton and Gersovitz (1989) analyze a similar type of capital flight herding gen-

erated by anticipated tax obligations when the government borrows abroad to

finance public goods. In a macroeconomic model, Ize and Ortiz (1987) show

that when fiscal rigidities create difficulties for servicing foreign debt, private

capital flight is encouraged by foreign borrowing because there is an expecta-

tion of higher domestic asset taxation to service future debt.

Capital flight in Schineller's (1993) model is subject to a similar type of herd-

ing, but it is not related to foreign debt. Returns to the domestic asset are sto-

chastic because of political risk. Government taxes domestic returns to finance

a given expenditure requirement, and so the per-capita tax rate is endogenous

and depends on the number of investors who do not flee to the foreign asset.

When transactions costs to changing the investment position are added, there is

a range of inaction where capital flight will not be repatriated, although the

expected domestic returns are favorable.
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Another type of model of capital flight explores why domestic agents face high
and uncertain risks of explicit and implicit taxation of domestic assets. Alesina
and Tabellini (1989) consider a model in which different government types with
conflicting distributional goals randomly alternate in office. The uncertainty over
future fiscal policies leads simultaneously to capital flight, low domestic invest-
ment, and the occurrence of large external debts. Overborrowing occurs because
the current government does not fully internalize the future costs of servicing
the debt. In Tornell and Velasco (1992), the government is the clearinghouse
of the interests of various groups, and the interest group game results in confis-
catory policies. If different groups have the ability to extract transfers from gov-
ernment, each group effectively has common access to the others' capital stocks.
Capital flight offers an asset that may have a lower return, but its return can be
privately appropriated. Finally, examples of capital flight models that focus on
the different tax treatments for resident and nonresident holders of domestic assets
include Dooley and Kletzer (1994) and Razin (1991).

The nature of the foreign debt-capital flight relationship has been controver-
sial both in the literature and for international lenders and country governments.
In the models discussed above, two different types of causal linkages have been
considered. In Eaton's model, the inflow of foreign resources provides both the
resources and a possible motive for capital flight. Boyce (1992) calls this debt-
fueled capital flight, as distinguished from debt-motivated capital flight that is
the focus of some other models. The models above that consider debt-motivated
capital flight focus on the channel through which high levels of foreign debt cre-
ate expectations of heavy future asset taxation. It is also possible that there is no
causal relationship between foreign debt and capital flight, but rather an indi-
rect linkage. In Alesina and Tabellini (1989), for example, uncertainty about the
type of future government generates capital flight, large foreign debts, and low
domestic investment.5

Finally, it may be that the causality runs in the other direction, from capital
flight to foreign debt. Boyce distinguishes flight-driven external borrowing from
flight-fueled external borrowing. In the former, the drain of domestic resources
lowers investment and generates demand for replacement funds from the gov-
ernment and private sectors, which external creditors may be willing to supply
given the lower risks of heavy asset taxation they face. When external borrow-
ing is fueled by capital flight, residents deposit capital abroad and the depositor
obtains a loan from the same bank. This "round-tripping" allows the domestic
investor to arbitrage the yield and risk differential between resident and exter-
nal capital.6

5. Another example of an indirect linkage is Blejer and Ize (1989). Uncertainty over adjustment efforts
leads to capital flight, low investment, and the sudden withdrawal of new foreign financing that ac-
companied the debt crisis.

6. For the Philippines, Boyce (1992) finds evidence for both debt-fueled capital flight and flight-
fueled external borrowing. Ajayi (1997) notes that no relation between debt and capital flight was found
for a sample of Sub-Saharan African countries, although the methodology and results are not reported.
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Implications for an Empirical Portfolio Model of Flight Capital

To determine what special features relevant to the allocation of wealth to capi-

tal flight and domestic investment should be added to a standard portfolio model,
we consider the theoretical models together with the general empirical patterns
of capital flight experienced largely in the 1970s and 1980s.

The general empirical evidence on country-by-country macroeconomic policy
and capital flight patterns suggests that pronounced capital flight occurs when a
country experiences severe macroeconomic imbalances and the risks of punitive
domestic asset taxation increase rapidly (Schineller 1997). Many countries ex-
perienced episodes of large sudden changes in capital flows, which seem related
to indications that policies were unsustainable. These very large increases in
capital flight suggest that standard return differentials based on equilibrium re-
lationships will not account for the size of the capital movements, because asset
returns will not adequately reflect the large increase in policy-oriented risks.

The standard portfolio model suggests two key incentives for capital flight:
after-tax domestic returns adjusted for expected depreciation that are lower
than after-tax foreign returns, and domestic returns that have higher volatility
or risk than foreign returns. Our first modification to the standard model is
the idea that the expected risk-adjusted relative returns will not be well cap-
tured by interest differentials, actual tax rates, and expected depreciation based
on actual depreciation of the official exchange rate, as well as differential re-
turn volatilities. The theoretical models point out that one of the most impor-
tant determinants of the expected future asset tax rate is the level of foreign
debt. Expected depreciation may be better related to the degree of overvalua-
tion of the real exchange rate. Historical return volatilities may not be a good
guide to the expected riskiness of domestic assets during periods of severe policy
and structural imbalances as well as political uncertainty. Below we discuss
empirical proxies that represent risk-adjusted return differentials in this broader
fashion.

We make a second modification because the models above point to the im-
portance of contagion or herding in capital flight. Empirically, these models imply
that in the portfolio decision of an individual investor, the expected after-tax
returns on domestic investment would depend on the expected aggregate level
of capital flight (or, alternatively, the available domestic capital base subject to
taxation). An implication for aggregate capital flight portfolio shares is that the
determinants of capital flight may have different effects when the capital flight
share is small compared with when it is large. For example, a particular expected
tax rate may have only small effects on the incentive for capital flight when the
share of capital flight in aggregate portfolios is small. However, as capital flight
increases, the same expected tax rate could imply a much higher per-capita ex-
pected tax liability given the lower domestic asset tax base, and thus have a larger
influence on capital flight. This reflects the herding notion that as capital flight
increases, the incentives for further flight increase.
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Third, foreign assets are much more liquid than domestic physical capital or
claims on domestic physical capital. A model that considers the liquidity of al-
ternative assets would imply that return differentials should be augmented by a
liquidity premium. In addition, if domestic investment is more irreversible, then
continuing to hold foreign assets even when domestic returns have become more
favorable can be optimal due to the "option to wait" for future news about
domestic returns.

Determinants of Flight Capital Portfolio Shares

In section I we developed measures of private portfolio choice as of 1990 for 50
countries and showed that at the regional level there were striking differences in
choices. In section III we will attempt to explain these differences. To do so, we
first develop a framework for analyzing the choice between holding assets do-
mestically and abroad. Although such a framework may potentially involve many
considerations, our purpose is to test our approach through measurable proxies
for the theoretical concepts. We therefore limit the analysis to those factors that
are amenable to measurement and include a discussion of empirical proxies for
each concept. We consider factors that influence our broad concept of rates of
return and the risks associated with each asset.

The rate of return on foreign assets can be assumed to be the same for all asset
holders, and so relative returns differ only because of differences in domestic rates
of return. The domestic private rate of return on capital, r, is assumed to be
determined by four factors: the endowment of capital relative to labor, k; the
rate of taxation of capital, t; anticipated changes in the real exchange rate, e;
and the policy environment, p. The four factors determine the productivity of
capital for a given capital/labor ratio

(1) r = r(k, t, e, p).

Although there are circumstances in which the return on capital will not de-
cline in response to a rise in the aggregate capital/labor ratio, it is nevertheless
reasonable to assume that, conditional on the policy environment, it will do so.
Recall from table 1 that there are very large differences in the total capital stock
(public plus private) per worker between regions. We would expect that, other
things equal, this would imply that the rate of return on capital would be higher
in the capital-scarce regions. Of course, the lack of capital in a region may be
partly or wholly the result of other differences. In a world of fully mobile capital
without risk, the rate of return on capital would be equalized, and so differences
in capital/labor ratios would reflect underlying differences in production func-
tions (or other endowments). However, the fully mobile capital model still uti-
lizes the assumption of diminishing returns to capital: capital is withdrawn from
unproductive regions and invested in productive regions until returns are equal-
ized as a result of diminishing returns. To reduce the problem of endogeneity,
we measure the capital/labor ratio for each country as of 1980, using it to pre-
dict the portfolio choice in 1990. Most capital flight has occurred after 1980.
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Although the capital/labor ratio affects the overall return on capital, private
portfolio decisions reflect only private returns. The main divergence between
social and private rates of return is due to taxation. Because capital once installed
is largely irreversible, owners of capital will be concerned not just with current
rates of taxation but with expected future tax liabilities. A good measure of an
important part of these liabilities is the foreign indebtedness of the economy.
We proxy this by the ratio of foreign debt/gross national product (GNP).

Domestic and foreign assets are denominated in different currencies. Hence,
to the extent that changes in the real exchange rate can be anticipated, the over-
all anticipated rate of return on foreign assets will include currency appreciation
or depreciation. In competitively determined currency markets information may
be used efficiently so that exchange rate changes cannot be systematically pre-
dicted, but in many developing countries official exchange rates have been con-
siderably misaligned. During periods when the real exchange rate is overvalued,
private agents have an incentive to move assets abroad because they can antici-
pate depreciation in some future period. We proxy this by the Dollar index of
real exchange rate misalignment (Dollar 1992). A high level of misalignment will
lower the return on domestic investment through various routes. Hence, any effect
of the index on portfolio choice should be interpreted as a composite of the ef-
fect of anticipated changes in the exchange rate and of the effect of misalign-
ment on the rate of return on investment. Similarly, the ratio of foreign debt/
GNP will also partially proxy the policy environment. A high level of foreign debt
to GNP is likely to reflect a history of poor use of public resources: the ratio is
high because of a lack of growth.

In addition to the expected rate of return on an asset, wealth holders must
consider its implications for portfolio risk, which is determined by the individual
riskiness of the asset and its covariance with the rest of the portfolio. Foreign
assets can be regarded as a relatively safe asset, the absolute degree of risk being
similar for all asset holders, whereas the covariance with domestic assets is usu-
ally low. Thus, the proportion of the portfolio held abroad, f, will depend on
both the return on domestic assets relative to foreign assets, r, and their riski-
ness relative to foreign assets, v:

(2) f = f(r, v).

A composite measure of the relative riskiness of domestic investment is the
Institutional Investor risk rating for a country. This is generated by a poll of
informed banking opinion twice a year and is scaled 0-100 (0 being the highest

risk). Although the risk rating is a broad measure of country risk geared toward

foreign investment and sovereign lending, many of the factors considered influ-

ence the climate for domestic investment. One factor that influences the risk

ratings is indebtedness. The Institutional Investor ratings and the ratio of debt/

GNP have a correlation coefficient of -0.45. Corruption is sometimes discussed

as an indicator of asset riskiness. A high incidence of corruption may make le-

gitimate assets vulnerable, and corruptly acquired wealth may be more secure
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outside the country. We use the International Country Risk Guide measure of
corruption, averaged for the 1980s.

The five observable explanatory variables are the capital/labor ratio, foreign
debt, the Dollar distortion index, the Institutional Investor risk rating, and the
corruption index. We introduced these variables as individually proxying the
underlying analytic explanatory variables. However, the observable variables are
more properly interpreted as collectively proxying the risk-corrected rate of re-
turn on domestic investment, rather than as individually proxying its compo-
nents. In particular, the country risk ratings contain information from the other
explanatory variables so that, for example, the Dollar distortion index affects
capital flight partly directly and partly through its effect on the risk ratings. To
establish the full effect of the other variables, we first regress the risk ratings on
the other explanatory variables, all of which are significant. We then use the
residuals of the regression of the risk ratings, rather than the ratings themselves,
in the flight capital regression. Thus, the coefficient on the Dollar distortion in-
dex shows the combination of both its direct effect on capital flight and its indi-
rect effect via the risk ratings.

III. RESULTS

Throughout the analysis, we use two dependent variables, the proportion of
private total wealth held abroad and the proportion of private real wealth held
abroad. Both variables are measured as of 1990, the most recent date for which
all data are available. In principle, because private agents make their portfolio
choices by considering all their components of wealth, the dependent variable
that most closely approximates the decision problem of the private agent is flight
capital as a proportion of private total wealth. However, there are three reasons
why the alternative measure of flight capital as a proportion of private real wealth
might be preferred. First, the only component of private financial wealth that
can be measured on a comparable basis for a reasonable sample of countries is
quasi-money. The addition of this single component of financial wealth might
result in an inferior estimate of total private wealth than using the complete data
on real private wealth as a proxy. Second, demand for the two relatively illiquid
assets, domestic real capital and flight capital, might be more closely related than
that for quasi-money. Third, at the aggregate level of the real economy, domes-
tic private financial assets either directly net out or are claims on the govern-
ment, which can only meet them by future taxation of the private sector. The
only allocative decision at the aggregate level is between domestic real capital
and flight capital.

Full data on the explanatory variables are available for 42 of the 50 countries
for which we have data on the dependent variables. The first explanatory variable
is the endowment of capital per worker (private plus public) in 1980. Because most
capital flight is post-1980, this considerably reduces potential endogeneity. The
other explanatory variables are the Dollar distortion index, the residuals of the
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Institutional Investor risk ratings, and the ratio of debt/GNP. For each of these, we
use the annual average of the variable for 1980-89. The rationale for using the
average over the decade instead of the end-period value is that, because the costs
of reversing investments are sometimes high, the portfolio composition at any one
time reflects past decisions. Furthermore, we argued above that theoretical models
point to the potential endogeneity of the foreign debt ratio and that the endogeneity
of the real exchange rate distortion index should also be considered. By utilizing
previous period averages, we reduce this problem of endogeneity.

For 12 of the countries in the sample, the measured stock of capital flight in
1990 is zero. We therefore experimented with tobit models. However, the re-
gressions failed the test for normality of the error term, implying that tobits are
inconsistent. We therefore switched to ordinary least squares; the results are very
similar in the two approaches. Because the regression includes as an explana-
tory variable a generated regressor, the standard errors have been corrected for
its effect as well as for heteroskedasticity. We investigated nonlinear relation-
ships through the introduction of squared terms and allowed for regional effects
through dummies. Only the dummy for Latin America was significant.

Based on our discussion of how liquidity considerations could affect portfo-
lio allocation, we also investigated whether financial depth, measured as the ratio
M2/GDP, was a determinant of the capital flight share. The variable was usually
insignificant. When debt is omitted as an explanatory variable, financial depth
becomes marginally significant at the 10 percent level but is wrongly signed;
hence, we exclude it from the regressions. We investigated a range of governance
indicators proxying the strength of property rights, such as risks of expropria-
tion and repudiation of contracts. Neither these nor (somewhat surprisingly) the
corruption index was significant. We attempted to proxy the mean and variance
of portfolio returns by including the rate of growth and variance of GDP. These
are rather crude proxies for the underlying concepts and were not significant.
The insignificant variables were excluded from the final regressions.

Table 2 reports the results for flight capital as a proportion of private real wealth,
and table 3 reports the results for flight capital as a proportion of private total
wealth. Overall, the two dependent variables reveal a very similar story, although
the fit is usually better for flight capital as a proportion of private real wealth. The
addition of quasi-money increases the importance of exchange rate overvaluation,
which may reflect the greater liquidity of quasi-money. In the following discus-
sion, we focus on table 2. We regard our real wealth measure as a better proxy for
total private wealth than that generated by the inclusion of quasi-money. Further-
more, our applications in section IV rely on the aggregate choice between domes-
tic real private investment and flight capital. Overall, all variables have the ex-
pected sign and credibly sized coefficients and the fit of the regression is good.

In regression 2, the capital/labor ratio is significant at 1 percent. However, its
effect is not very large. An addition of $10,000 per worker, which is a very large
increase by the standards of developing countries, increases the proportion of
private wealth held abroad by only 5 percentage points.



TABLE 2. The Determinants of Flight Capital/Private Real Wealth

Robustness checks

Based on Cline's Based on Dooley's
Baseline regressions capital flight measure capital flight measure

Regression Regression Regression Regression Regression Regression
Variable 1 2 1 2 1 2

Capital/worker 1980 0.000490 0.000371 0.000293 0.000169 0.000179 0.000067
(3.00) (1.70) (1.69) (0.79) (0.78) (0.26)

Dollar index squared 0.000857 0.000919 0.000829 0.000894 0.000882 0.000940
ON (3.26) (2.56) (4.33) (3.17) (2.69) (2.24)
X0 Institutional investor 0.22358 -0.40263 -0.11277 -0.31740 -0.35273 -0.49974

residuals (-1.05) (-1.52) (-0.58) (-1.13) (-1.45) (-1.70)
Debt/GNP squared 0.000386 0.000404 0.000362

(2.86) (2.53) (2.20)
Latin America -18.5784 -16.33222 -11.43178 -9.08436 -13.21233 -11.10755

(-4.53) (-3.37) (-2.86) (-1.96) (-2.57) (-2.06)
Constant 3.37442 6.94549 -3.10834 0.62048 4.31776 7.66781

(0.65) (0.93) (-0.86) (0.11) (0.73) (0.95)
R2 0.59 0.53 0.59 0.50 0.58 0.54
Sample size 42 42 42 42 42 42

Note: t-statistics are in parentheses.
Source: Authors' calculations.



TABLE 3. The Determinants of Flight Capital/Total Wealth

Robustness checks

Based on Cline's Based on Dooley's
Baseline regressions capital flight measure capital flight measure

Regression Regression Regression Regression Regression Regression
Variable 1 2 1 2 1 2

Capital/worker 1980 0.000518 0.000472 0.000317 0.000472 0.000226 0.000178
(3.35) (2.84) (1.84) (2.84) (0.97) (0.75)

Dollar index squared 0.000917 0.000977 0.000859 0.000977 0.000939 0.000989
(3.09) (2.95) (4.16) (2.95) (2.53) (2.53)

Institutional -0.20245 -0.2668 -0.08671 -0.2668 -0.323280 -0.36970
investor/residuals (-1.03) (1.29) (-0.47) (-1.29) (-1.42) (-1.50)

Debt/GNP squared 0.000251 0.000240 0.000228

(1.72) (1.66) (1.15)
Latin America -15.97272 -14.34674 -9.67029 -14.34674 -11.06871 -9.62276

(-4.06) (-3.40) (-2.48) (-3.40) (-2.17) (-1.97)
Constant 0.69458 2.00404 4.40598 2.00404 1.7254 3.10788

(0.15) (0.37) (1.36) (0.37) (0.31) (0.49)
R2 0.63 0.61 0.60 0.58 0.61 0.60
Sample size 41 41 41 41 41 41

Note: t-statistics are in parentheses.
Source: Authors' calculations.
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The Dollar distortion index is significant at 1 percent and has a large effect.
The index is constructed so that a value of 100 represents a normal set of rela-
tive prices. We investigated whether values of the index below this level had
different effects from values above 100, but we found no difference. The effect
is best captured by the square of the index, suggesting that extreme overvaluations
are most damaging. For example, a change in the index from 100 to 200 increases
the proportion of the portfolio held abroad by 26 percentage points. A value of
200 is high, but by no means the peak of the index: Over the 152 countries for
which the index has been measured, the peak value is 1,311.

The ratio of foreign debt/GNP is significant at the 1 percent level. However, the
variable fits best as a square of the ratio and becomes economically important only
at very high levels of indebtedness. For example, at the level of indebtedness agreed
by the European Union for its "convergence criterion," namely, 60 percent, debt
only reduces the proportion of wealth held domestically by 1.4 percentage points
compared with a debt-free economy. By contrast, moving from the highest indebt-
edness found in the sample, 297 percent, to the level of 60 percent would reduce
the proportion of wealth held abroad by 33 percentage points.

The residual of the Institutional Investor rating has the expected negative sign
but is insignificant. When the residuals are reestimated so as to exclude debt from
the ratings regression and debt is correspondingly excluded from the flight capi-
tal regression, the risk rating residuals become close to significant, as reported
in table 2.

We now consider the robustness of the results to two different measures of capital
flight. Specifically, we use the Cline method, which, like our own, uses a residual
approach but with different assumptions, and the Dooley method, which seeks to
measure the stock of privately held foreign assets that do not generate income
reported to the authorities. As shown in table 2, on the Cline measure, the Institu-
tional Investor ratings residuals are insignificant; on the Dooley measure, they are
significant when debt is excluded. Thus, each of the three approaches leads to a
somewhat different conclusion as to whether the risk ratings simply proxy the other
variables or have some independent effect. However, although the significance levels
of the risk ratings residuals vary substantially between the three measures, the
coefficients on all the variables are reasonably stable.

IV. THREE APPLICATIONS

This section develops three applications of the regressions: the effect of the East
Asian crisis on capital flight, the effect of the HIPC debt initiative on capital re-
patriation, and why Africa has had so much capital flight.

The East Asian Crisis

Although capital outflows have obviously played a central role in the East Asian
crisis, to date the focus has been on the repatriation of short-term foreign capi-
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tal. Here we consider the longer-term response of domestic portfolios. We show
that in steady state the domestic adjustment is likely to be large.

The East Asian crisis has resulted in a sharp fall in investor confidence in some
countries in the region. We utilize the observed decline in the Institutional In-
vestor risk ratings between March 1997 and March 1999 to estimate the impact
on the reallocation of East Asian portfolios into capital flight. A study of the
risk ratings finds that, controlling for their underlying determinants, they have a
high degree of persistence (Haque, Mark, and Mathieson 1999). Thus, the large
deterioration in the ratings during the period is likely to persist for longer than
the fundamental causes of the crisis.

Our objective is to estimate the likely medium-term portfolio adjustment that
would occur were the deterioration in the risk ratings indeed to prove persistent
despite a recovery in the fundamentals. We therefore multiply the change in the
risk ratings by the coefficient that describes the pure risk ratings effect, abstract-
ing most importantly from exchange rate effects. This is given by the coefficient
on the ratings residuals in the second column of the baseline regression of table
2. We should note two important caveats. First, we are using results derived from
a cross-section analysis to derive the consequence of an event. Because the cross-
section result tells us nothing about dynamics, it can at best suggest the long-run
effect of an event. The results should therefore be interpreted cautiously, as show-
ing how portfolios might eventually adjust were the changes in the risk ratings
persistent. Second, the coefficient as estimated in the baseline model has a wide
confidence interval.

Table 4 shows the estimated increase in capital flight for the four most se-
verely affected East Asian countries: Thailand, Korea, Malaysia, and Indonesia.
The first seven rows in the table show the deterioration in the Institutional In-
vestor risk ratings. The main deterioration in the risk ratings occurred in the six
months subsequent to March 1998. The eighth row shows our estimate of pri-
vate real wealth as of 1996, the most recent year for which an estimate is cur-
rently feasible. The final rows show our prediction of the increase in the capital
flight component of portfolios, first in millions of dollars and then as a share of
GDP. Altogether, the four countries are predicted to experience a capital out-
flow of approximately $240 billion.

The predicted steady-state domestic capital outflow of $240 billion can be
compared with the actual reversal to date in total private capital flows, domes-
tic plus foreign, which can be observed from changes in the balance of payments.
Between 1996 and 1998, what had been a large net foreign private capital in-
flow turned into a large net outflow, reflecting both capital repatriation by non-
East Asians and capital outflows by East Asians. The total of this as of end 1998
was around $100 billion. Because we only estimate capital outflows by East
Asians, we are only predicting one component of the observed total. However,
the full $240 billion predicted domestic portfolio adjustment might only take
place over several years.
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TABLE 4. Capital Flight in Response to the East Asian Crisis

Indicator, period Thailand Korea Malaysia Indonesia

Risk rating
March 1997 61.1 71.4 67.5 51.6
March 1998 52.3 64.4 64.5 49.9
September 1998 47.5 53.6 59.0 32.9
March 1999 46.9 52.7 51.0 27.9
Change, March 1997- -8.8 -7.0 -3.0 -1.7

March 1998
Change, March 1997- -13.6 -17.8 -8.5 -18.7

September 1998
Change, March 1997- -14.2 -18.7 -16.5 -23.7

March 1999

In billions of U.S. dollars
at current prices

Private real wealth in 1996 639.4 1,093.3 357.6 993.8

Predicted change in portfolios
(in billions of U.S. dollars at
at current prices)
March 1997-September 1999 -36.6 -82.4 -23.8 -94.9
March 1997-September 1999
(using 95% confidence intervals) (-85.3, 12.2) (-192.0, 27.4) (-55.4, 7.9) (-221.2, 31.6)

As percent of 1996 GNP

March 1997-September 1999 -20.3 -17.1 -25.1 -44.1
March 1997-September 1999
(using 95% confidence intervals) (-47.2, 6.7) (-39.9, 5.7) (-58.5, 8.4) (-102.7, 14.7)

Notes: Private wealth in our underlying data set is calculated as discussed in section I for 1990 and
is measured at 1985 prices. As in table 5, we first convert this to 1990 prices by multiplying by 1.214,
the increase in the U.S. cPI over the period. We then assume that the ratio of private wealth to GNP

was the same in 1996 as in 1990, and so scale up the 1990 private wealth figure by GNP in 1996/ GNP

in 1990. The effect on private portfolios is then calculated as the change in the risk rating, multiplied
by 0.00403 (the coefficient on the risk rating residuals in table 2, regression 2) multiplied by private
wealth in 1996. Note that this is quite distinct from any flight of foreign-owned assets from the four
countries. As a proportion of GNP, the largest loss would be borne by Indonesia, capital flight exceed-
ing 40 percent of GNP.

Source: Authors' calculations.

The HIPC Initiative

The new debt relief initiative of the International Monetary Fund and the World
Bank, the HIPC arrangement, will lower the foreign debt/GNP ratio for eligible
countries. Currently, within our sample, Uganda, C6te d'Ivoire, Burkina Faso,
Guyana, and Mozambique have passed the "decision point" at which it is deter-
mined that the country has met the eligibility criteria. The debt/GNP ratio will
decline for these countries, although by widely varying amounts. Table 5 shows
the effect on private portfolios, applying the debt coefficient from table 2. Re-
call that this captures the full effect of indebtedness, both directly and via the
risk ratings. We convert this effect into an estimated dollar amount commensu-
rate with the 1996 debt and GNP figures used by assuming that the ratio of pri-
vate wealth/GNP observed for 1990 also applied in 1996.



TABLE 5. The Effect of the HIPC Debt Relief Initiative on Portfolio Choice

Portfolio change Net present
1996 HIPC reduction value of debt

Country Debt/GNP (percentage points) (percentage points) ($m) reduction ($m) Gearing

Uganda 60.5 12.1 0.51 29.5 347 0.09
Burkina Faso 51.2 7.2 0.26 8.0 115 0.07
Guyana 246.0 61.5 10.22 617.2 253 2.44
C6te d'Ivoire 201.3 12.1 1.82 301.2 345 0.87
Mozambique 378.6 215.8 45.10 3,152.6 1,442 2.19

Notes: Debt/GDP for 1996 is from World Bank (1998, table A1.4). The HlPC reduction is the percentage reduction
in the net present value (NPV) of debt at the completion point after full use of traditional debt relief mechanisms, as
estimated by the IMF. Because HIPC meets a flow of debt service obligations, its impact on indebtedness is best calcu-
lated by the reduction in the NPV of debt rather than as a face value. The portfolio change in percentage points is 0.000386
[column 1 squared - ((column 1 - column 2) squared)]. Note that we thus assume that the (notional) nominal indebted-
ness declines proportionately with the NPV of debt. The dollar value of the portfolio change is calculated as the change
in percentage points times estimated private wealth in 1996. The latter is the 1990 value at 1985 prices, estimated as in
table 1, multiplied by 1.214 (the increase in the U.S. cPi) to convert into 1990 prices, multiplied by 1 plus the growth
in nominal dollar GNP, 1990-96, from World Bank (1998).

Source: Authors' calculations.
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Thus, for example, for Guyana debt forgiveness under the HIPC initiative is
estimated to reduce indebtedness by 25 percent. We estimate that this reduction
would reduce the proportion of Guyanese private wealth held abroad by 10.2
percentage points. Under these assumptions, Guyanese private wealth holders
would repatriate $617.2 million. Because the net present value of the debt re-
duction is only $253 million, in this instance each dollar of public funds is aug-
mented by $2.44 of repatriated private funds. Debt relief to Guyana has such a
high gearing because Guyana is very highly indebted, while the marginal effi-
ciency of debt relief increases with indebtedness, and because it has a high level
of private wealth relative to GDP. By contrast, Burkina Faso and Uganda have
far lower gearing because both the above factors work against them.

Why Africa Has Had So Much Capital Flight

The most remarkable result of the study is that Africa has such a high level of
private capital held abroad, namely, 40 percent. We now utilize the regression
results to explain this phenomenon. When an Africa dummy variable is intro-
duced into the regression, it is neither large nor significant. Hence, the variables
included in the regressions fully account for the exodus of private capital. Table
6 decomposes African capital flight into its causes by explaining the difference
between African and East Asian portfolio choices. Why have East Asians placed
a much smaller proportion of their wealth abroad than Africans have?

The first explanatory variable, the endowment of capital per worker, actu-
ally deepens the puzzle. As shown in table 1, Africa has a far lower capital en-
dowment than East Asia, and the regressions find that, other things equal, capi-
tal scarcity reduces capital flight. East Asia has had little capital flight despite
being relatively well endowed with capital, whereas Africa has had massive capital
flight despite being poorly endowed. Both regressions imply that the difference
in capital endowments would have induced Africans to hold domestically around
1.5 percentage points more of their portfolios than East Asians hold. That Af-
rica has such a high proportion of its wealth abroad despite being capital scarce
is an indicator of how much effect the other variables have had.

African real exchange rates have been substantially overvalued relative to East
Asian exchange rates. The average value of the Dollar index in the African sample
is 140 compared with 83 for the East Asian sample. Recall that the effect of ex-
change rate overvaluation is nonlinear, being determined by the square of the index
rather than by its level. Hence, the mean values of 140 and 83 convert into squared
values of 19,572 and 6,885. However, even this understates the effect on portfo-
lio choice because some African countries have had extremely overvalued exchange
rates. As a result, the difference between the means of the squares of the index,
which is what matters for the regression, is even greater than that between the square
of the means. The mean of the squares of the index is 3.32 times greater in Africa
than Asia, whereas the square of the mean is only 2.84 times greater. Both regres-
sions imply that this large difference would have induced Africans to hold domes-
tically around 14 percentage points less of their portfolios than East Asians.



TABLE 6. A Comparison of Africa and East Asia

Differences
Coefficients (Africa minus East Asia)

Africa East Asia Regression Regression Regression Regression
Variable mean mean 1 2 1 2

Capital/worker 1980 4,338 7,614 0.000490 0.000371 -1.61 -1.22
Dollar index squared 23,189.9 6,990.9 0.000857 0.000919 13.88 14.89
Institutional investor -3.9 51.6 -0.223580 -0.402630 4.37 7.86
Debt/GNP squared 13,989.7 2,818.7 0.000386 4.31
Capital flight share 42.0 6.1
Total explained difference 20.96 21.53
Actual difference 35.90 35.90
Total explained difference

as a percentage of the
actual difference 58.38 59.97

Notes: The means used in this table are for the regression sample that, as reported in appendix table A-1, is smaller than
that used for table 1. Means of capital per worker and capital flight are calculated on the same basis as in table 1.

Source: Authors' calculations.
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Africa has been rated by international investors as the riskiest continent. The
average value of the Institutional Investor index was only 22 for Africa, com-
pared with 52 for East Asia. Recent events in East Asia suggest that these ratings
might not have been accurate predictors of actual risks. Haque, Mark, and
Mathieson (1999) show that although the ratings are explicable on economic
fundamentals, there is a large and significant Africa dummy: Africa is regarded
as more risky than is warranted by the fundamentals. In our regressions, we do
not use the level of the risk ratings but rather the residuals from values predicted
from the other explanatory variables. However, this pattern of Africa being dis-
advantaged relative to East Asia is true for these residuals as well as for the lev-
els. Africa's risk rating is lower than would be accounted for by exchange rate
overvaluation and indebtedness, whereas East Asia's rating is higher. The effect
of this difference in risk ratings residuals between Africa and East Asia on port-
folio choice has been substantial. The regressions imply that the risk ratings have
increased African capital flight relative to East Asian by between 4 and 8 per-
centage points of private portfolios.

Africa has been much more heavily indebted than East Asia. On average, the
ratio of debt/GNP is 95 percent in the Africa sample and only 51 percent in the
East Asia sample. However, as with exchange rate overvaluation, even this dif-
ference understates the effect on portfolio choice because it is the square rather
than the level of the variable that is important. Although the average African
country has been heavily indebted, some countries have been extremely heavily
indebted. Hence, the mean of the squares is 4.96 times greater for Africa than
for East Asia, whereas the square of the mean is only 3.45 times greater. The
regression with debt included implies that indebtedness has increased African
capital flight relative to East Asian capital flight by 4 percentage points of pri-
vate portfolios.

V. CONCLUSION

In this article we have attempted to set flight capital in the context of a portfolio
choice, focusing on the proportion of private wealth that is held abroad. For 50
countries as of 1990, we were able to construct estimates of private domesti-
cally held capital on a comparable basis and estimates of the stock of capital
flight. The sum of these two stocks yields private real wealth, of which the stock
of flight capital is then expressed as a proportion. We found that there were large
regional variations in the proportion of the portfolio held abroad, with the highest
proportion being for Sub-Saharan Africa, where 40 percent of private wealth
was abroad. By contrast, East Asia had only 6 percent of its private wealth abroad.

We attempted to explain these differences. We set out a simple framework
for portfolio choice based on the rate of return on domestic assets and their riski-
ness relative to foreign assets. We then proposed measurable proxies for the
variables used in the theory and tested it on the data set. Other things being equal,
the higher is the endowment of capital per worker, the higher the capital flight.
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Exchange rate overvaluation, foreign indebtedness, and investor risk all increase
the proportion of the portfolio held abroad.

We applied the results to three questions. First, we used the estimated effect
of the risk ratings to calculate the effect of their deterioration in response to the
East Asian crisis on East Asian portfolios. We estimated that the four most se-
verely affected East Asian countries would eventually lose around $240 billion
of domestic wealth as a result of the deterioration in risk between March 1997
and March 1999. Second, we used the estimated effect of foreign debt to calcu-
late the effect of the HIPC debt relief initiative on capital repatriation. We find
that the effect will vary massively among HIPc-eligible countries. Finally, we
considered why Africa has had so much capital flight. The fact that Africa has
by far the lowest capital per worker makes its high capital flight all the more
distinctive. However, an Africa dummy added to the regression is insignificant.
Three variables explained African capital flight: exchange rate overvaluation,
adverse investor risk ratings, and high indebtedness. We decomposed the large
difference in capital flight between Africa and East Asia into these components.

APPENDIX

Sample for Table 1

* Sub-Saharan Africa: Benin, Burkina Faso, Burundi, Cameroon, Congo, C6te
d'Ivoire, Gabon, Gambia, Ghana, Kenya, Mali, Mauritania, Mauritius,
Mozambique, Nigeria, Rwanda, Senegal, Seychelles, Togo, Uganda, Zam-
bia, Zimbabwe.

* Latin America and the Caribbean: Argentina, Brazil, Chile, Colombia, Costa
Rica, Dominican Republic, Ecuador, El Salvador, Guatemala, Guyana,
Honduras, Jamaica, Mexico, Nicaragua, Paraguay, Peru, Venezuela.

* South Asia: Bangladesh, Pakistan, Sri Lanka.
. East Asia: Indonesia, Malaysia, Philippines, South Korea, Thailand.
* Middle East and North Africa: Egypt, Syria, Tunisia.

Sample for Tables 2 and 3 (Regressions)

The same countries as for table 1, with Portugal and Turkey, and excluding Benin,
Burkina Faso, Burundi, Gambia, Ghana, Guyana, Mali, Mauritania, Rwanda,
and Togo.

Calculation of the Capital Flight Ratio

Table A-1 demonstrates the calculation of the capital flight ratio using the data
for Mexico as an example. Column 1 contains the trade misinvoicing data, and
column 2 contains the World Bank measure of flows of capital flight. We sum
the two and cumulate the flows into stocks (where at time t the capital flight
stock is the sum of the capital flight flow in t plus the capital flight stock in t - 1
plus interest, using U.S. Treasury bill rates). We deflate the total by the U.S.
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TABLE A-1. Calculation of the Capital Flight Ratio for Mexico
(millions of US dollars)

Ratio of Capital
World Bank Capital private capital Private flight

Trade capital flight flight to total capital stocks/private
misinvoicing flows stocks capital stock wealth

Year (1) (2) (3) (4) (5) (6)

1971 -39.3 -225.6 0.64 211,402.9
1972 49.8 -179.4 0.65 229,728.8
1973 12.4 778.2 1,915.0 0.64 247,337.0 0.01
1974 363.9 688.0 4,155.7 0.64 269,251.6 0.02
1975 -165.8 157.9 4,013.0 0.63 287,362.7 0.01
1976 -351.6 2,629.2 8,290.9 0.62 307,111.4 0.03
1977 194.5 8,829.6 24,219.4 0.62 324,539.7 0.07
1978 -935.4 1,474.5 25,007.8 0.60 336,712.2 0.07
1979 -614.4 3,158.9 28,494.8 0.59 357,575.2 0.07
1980 -1,460.8 5,435.0 33,205.1 0.58 385,674.1 0.08
1981 -808.5 6,495.3 41,075.8 0.57 418,850.6 0.09
1982 -64.2 6,762.9 50,301.4 0.57 441,400.3 0.10
1983 -395.6 10,825.5 64,194.7 0.59 466,402.0 0.12
1984 -1,259.6 4,439.9 70,739.2 0.61 490,850.1 0.13
1985 1,484.1 3,954.8 78,868.6 0.63 520,841.6 0.13
1986 2,448.2 3,957.2 88,363.4 0.64 539,472.1 0.14
1987 1,590.0 10,587.9 101,642.2 0.68 577,231.4 0.15
1988 3,880.2 5,294.7 112,619.3 0.74 636,423.1 0.15
1989 1,985.8 -8,313.1 110,643.8 0.76 672,908.9 0.14
1990 5,336.2 -3,403.5 114,442.1 0.77 699,248.8 0.14

Source: Authors' calculations.

consumer price index to obtain real capital flight stocks in 1985 dollars (col-
umn 3). Next, we turn to the calculation of domestic wealth. As described in the
text, we calculate the ratio of private/total capital (column 4) and multiply it by
our capital stock estimates (see below) to obtain the country's private capital
stock in column 5. The country's private wealth is the sum of domestic private
capital stock and the capital flight stocks, and the capital flight ratio is the ratio
of capital flight stocks/total private wealth as given in column 6.

The Capital Stock Measure

Following King and Levine (1994), we estimate an initial capital stock measure
and use the perpetual inventory method to compute capital stocks, using invest-
ment data from Penn World Tables, version 5.6 (PWT 5.6).

Independent Variables

* Dollar's (1992) distortion index measures the extent to which the real ex-
change rate is distorted from its free-trade level. PWT 5.6 data are used to
construct the index of a country's relative price level (RPL). The distortion
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index is a measure of the difference between the actual RPL and an RPL pre-
dicted by the country's endowments, proxied by GDP per capita.

* Institutional Investor risk ratings are based on evaluations from the staff
of approximately the largest 100 commercial banks.

* Debt/GNP data are from the World Bank's World Data CD-ROM (1994).
* Capital/labor ratio. Capital is calculated as described above; the number

of workers is from PWT 5.6.
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The Impact of Early Childhood Nutritional Status
on Cognitive Development: Does the Timing of

Malnutrition Matter?

Paul Glewwe and Elizabeth M. King

This article uses longitudinal data from the Philippines to examine whether the timing
of malnutrition in early childhood is a critical factor in determining subsequent cogni-
tive development. Although some observers have argued that the first six months of
life are the most critical in the sense that malnutrition during that time period harms
cognitive development more than malnutrition later in life, analysis of the Philippines
data does not support this claim. To the contrary, the data suggest that malnutrition in
the second year of life may have a larger negative impact than malnutrition in the first
year of life.

As developing countries have been making greater efforts to improve educational

outcomes, policymakers are paying more attention to the role that child nutri-
tion may play in both improving school readiness and increasing learning (see

Young 1997 for a review). In many developing countries one third or even one

half of all children are seriously stunted-height for age is two standard devia-

tions or more below the World Health Organization reference median-before
they enroll in primary school (UNICEF 1996). If poor nutrition does indeed im-

pair educational performance, these high rates of malnutrition in the first years
of life imply that a large proportion of children in these countries begin school
with a serious learning handicap.

A growing literature documents the sizable correlation between childhood
nutrition and school performance; however, evidence on the causal nature of

this association is sparse, variable in quality, and often inconclusive. A few re-
cent studies have examined the causal links by explicitly addressing underlying
behavioral assumptions (see Alderman and others 1997, Behrman and Lavy 1994,
and Glewwe and Jacoby 1995), yet none focus on a key aspect of the relation-
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ship between nutrition and school performance: does the timing of malnutrition
during the first years of life matter?

Nutritionists and physiologists began to examine the issue of timing in the
1970s. Some argue that the time from early gestation to the first six months of
life is the most critical for brain development, implying that inadequate nutri-
tion during this period would have much more severe effects on children's cog-
nitive development than would subsequent episodes of malnutrition. Recent
research has raised doubts about these claims. Nonetheless, the question itself is
of considerable policy interest because the existence of a critical period implies
that nutritional interventions are most effective when administered during that
period. In this article we use a longitudinal data set, the Cebu Longitudinal Health
and Nutrition Survey (CLHNS), to examine the question of timing.

I. EARLY CHILDHOOD NUTRITION AND SCHOOL PERFORMANCE:

A BRIEF REVIEW OF THE LITERATURE

Studies that link child nutrition and school performance typically show that
malnutrition is correlated with poor school performance. But most of these studies
do not test for causality, that is, whether poor nutrition causes poor school per-
formance (see Grantham-McGregor 1995, Behrman 1996). Because disadvan-
taged children are more likely to be both undernourished and weak students, it
is not clear whether their poor performance in school is primarily due to poor
nutrition or to other aspects of their disadvantaged circumstances.

A few experimental and quasi-experimental studies generally support the
hypothesis that causality runs from poor nutrition to poor school performance
(Gorman 1995, Pollitt et al. 1995). Yet little is known about the mechanisms
and processes that govern this causality, which hampers efforts to design more
effective nutrition policies. The most likely pathways involve the effects of inad-
equate intake of calories, protein, and specific micronutrients on cognitive de-
velopment, which in turn affect school readiness and performance.

A crucial unanswered question regarding the impact of childhood nutrition
on educational outcomes is the relationship between the timing of early child-
hood malnutrition and subsequent school performance. Some nutritionists and
child physiologists claim that there is a "critical period" during which brain
development is most sensitive to poor nutrition. For example, Dobbing (1976)
argued that the period from birth (or even from the last trimester of pregnancy)
to six months of age is the most critical. This conjecture is based on the finding
that the rate of brain growth (in terms of overall mass) in humans is highest during
that period. Dobbing claimed that nutritional deficiencies ("insults") during this
period have the greatest adverse impact on future cognitive development, whereas
insults before or after this period do not result in permanent damage. However,
correlation studies have not provided consistent evidence on this issue (Grantham-
McGregor 1995), and some recent assessments by nutritionists (such as Levitsky
and Strupp 1995) are increasingly skeptical of this hypothesis.
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It is not easy to study how the timing of nutritional deficiencies affects cogni-

tive development. In most developing countries, malnourished children typically

receive both inadequate maternal nutrition and poor feeding throughout their

infancy and early childhood. This correlation of nutritional insults over time

complicates efforts to isolate the effects of poor nutrition during particular peri-

ods of a child's growth. In principle, supplementation studies, particularly those

in which some children are randomly given nutritional supplements and others

are not, can shed light on this issue. Yet most experimental studies focus on the

effectiveness of interventions at a particular period of the child's life and do not

randomize supplementation across time periods.
The only published experimental study that explicitly examines the issue of

timing is that of Waber and others (1981). In that study 433 children were ran-

domly assigned to one control group and five different treatment groups. In three

of the treatment groups the nutritional supplements were administered in differ-

ent time periods. One group of children received nutritional supplements from

the third trimester of their mother's pregnancy until 6 months of age (prenatal

supplements were given to the child's mother), a second group received supple-

ments from 6 months to 36 months, and the third received supplements from

the third trimester to 36 months. The results did not support Dobbing's hypoth-

esis. Children who received supplements from 6 months to 36 months and from

the third trimester to 36 months performed better on tests of mental develop-

ment than did the control group. But children who received the supplements only

from the third trimester to six months did not. Furthermore, the authors found

no difference between children who received supplements from the third trimes-

ter to 36 months and children who received them from 6 to 36 months. These

findings suggest that if there is any critical period, it may be after six months of

age. Further research is needed before major policy decisions can be made.

Two other studies relevant to the issue of timing are Stein and colleagues (1975)

and Villar and colleagues (1984). Stein and his colleagues examined the impact

of wartime famine in the Netherlands in 1944-45 on children who were born

immediately after the famine. Their intent is to determine whether prenatal

malnutrition has a substantial impact on subsequent mental development. When

these children reached adulthood, their IQ scores revealed no evidence that ex-

posure to famine during their mothers' pregnancy had any effect on their cogni-

tive development later in life.
Villar and his coauthors, however, found evidence that prenatal nutrition is

an important determinant of subsequent cognitive performance. They also fo-

cused on prenatal nutrition, using data on 205 Guatemalan infants. They dis-

tinguished between two groups of full-term infants with low birth weights and

compared each to a control group of children with normal birth weights. At birth,

the two low-birth-weight groups had similar weights but differed in length and

head circumference. The low-birth-weight babies who had longer lengths (and

thus lower weight-to-length ratios) tended to catch up to the normal group soon

after birth. The babies who were shorter in length remained lighter and shorter
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and had smaller head circumferences relative to the other low-birth-weight group,
at least up to 30 months of age. Controlling for nutritional intake, morbidity,
and environmental factors, the study also finds that infants whose head growth
slowed before 26 weeks of gestation (as measured by ultrasound) scored lower
in mental performance during preschool years and in behavior and school achieve-
ment during primary school years. Infants whose head growth slowed after 26
weeks of gestation did not differ from the normal birth-weight group, except
for scoring lower on the McCarthy scale at five years of age.

In summary, there is little evidence on the impact of the timing of early child-
hood malnutrition on subsequent school performance, and the little that does exist
gives mixed results, at least for prenatal nutrition. The next section provides a
methodology for examining this issue using longitudinal household survey data.

II. THEORETICAL FRAMEWORK

In this section we present a simple model of nutrition and education outcomes
that highlights the relationship between early childhood nutrition and subsequent
school performance. We develop the model to ensure that appropriate economet-
ric methods are employed. Anticipating the information available in our data, we
focus on the impact of early childhood nutrition on children's "ability to learn,"
commonly referred to as IQ. The fundamental determinants of IQ at time t are:

(1) IQt = f(NUTRO, NUTR1 , . . . NUTRt; EXTSTO, EXTSTI,... EXTSTt; C).

Equation 1 states that a child's IQ at time t is determined by his or her nutrition
history (denoted by NUTR with time subscripts from 0 to t), a similar history of
external sensory stimulation provided by the child's family, school, and other
environmental factors (denoted by EXTST, with time subscripts), and the child's
genetic endowment of "innate intelligence" (a).

Equation 1 is a structural relationship, that of a "production function" for
IQ. It is difficult, if not impossible, to estimate. One problem is that children's
nutritional status and external stimulation at each point in time are not exog-
enous. A second problem is that external stimulation and innate intelligence
cannot be observed. One way to get around the inability to observe external
stimulation is to substitute it out of equation 1. To do so, assume that external
stimulation is determined by several factors, such as parental education
(PARNTED), initial household wealth (WLTHO), parents' tastes for educating their
children (0), children's innate ability (a), and the educational characteristics-
such as school quality and availability and cultural norms-of the local envi-
ronment (EDENV) at each point in time. Children's current nutritional status
should also be included, because it can affect external stimulation; for example,
children who are ill may spend more time resting in bed and, when older, may
miss more days of school. Moreover, past nutritional status may matter because
parents may adjust current external stimulation in response to past nutritional
outcomes.
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These determinants of external stimulation can be expressed as

(2) EXTST, = g,(PARNTED, WLTHO, 0, a; NUTR0 , NUTR1 , ... NUTR,;

EDENVO, EDENV1,. . . EDENVt; Co, I1 . ** t).

For completeness, equation 2 includes random factors beyond parents' control
(denoted by E) that may affect external stimulation at each point in time. In equa-
tion 2 children's nutritional status at each point in time is endogenous, but all
other variables (including the random factors) are beyond parents' control.
Substituting equation 2 into equation 1 yields the following equation:

(3) IQ, = f(NUTRo.... NUTRt; PARNTED, WLTHO, 0, a; EDENVO,

... EDENVt; £o El *...*t)

For empirical work equation 3 is more useful than equation 1-most types of
external stimulation are not observed, whereas most (but not all) determinants
of external stimulation can be observed.

III. ECONOMETRIC IMPLICATIONS

We can follow two possible routes in attempting to assess the impact of the tim-
ing of malnutrition on cognitive development. The first is to estimate equation 3
directly. Such estimates, if accurate, would provide direct evidence of the im-
pact of children's nutrition on cognitive development at different time periods.
Unfortunately, there are serious obstacles to obtaining unbiased estimates, as
explained below. The alternative route is to substitute out the nutritional status
(NUTR) variables in equation 3 and replace them with the exogenous variables
that determine nutritional status. If some of the exogenous variables vary over
the different time periods, one may be able to draw inferences about the impact
of the timing of malnutrition on cognitive development from these reduced-form
estimates. However, difficulties can arise when drawing such inferences. We
present both types of estimates in section V.

Instrumental Variable Estimation

Consider estimating equation 3. It is not a production function for IQ for two
reasons. First, the external stimulation variables in equation 1 have been substi-
tuted out. Second, the impact of NUTR, on IQ in equation 3 reflects both the di-
rect biological mechanisms of equation 1 and the indirect mechanisms that re-
flect human behavior through the impact of nutritional status on external stimu-
lation (as shown in equation 2).2 Thus, equation 3 is a conditional demand func-

1. Community characteristics may be within parents' control if they migrate or organize to demand

government services. This issue is set aside for now, but is dealt with during estimation.

2. One might try to eliminate this indirect effect by specifying equation 2 as the reduced-form deter-

minants of external stimulation, that is, by replacing NUTR, in equation 2 with the exogenous factors

that determine it. Yet doing so eliminates all candidates for instrumental variables in equation 3, be-

cause all determinants of NUTR belong in equation 2 and thus are already in equation 3.



86 THE WORLD BANK ECONOMIC REVIEW, VOL. 15, NO. I

tion, the "demand" for IQ conditional on the child's nutritional status and a set
of exogenous variables. Although our inability to estimate the production func-
tion in equation 1 may be disappointing, from a policy perspective conditional
demand estimates are useful because they are sufficient for understanding the
overall impact of nutritional status on subsequent cognitive development.

We turn now to the nutritional status variables (NUTR) in equation 3, which are
still endogenous. They are structurally determined by a production function, the
inputs being nutrient intakes (calories, protein, micronutrients), exposure to in-
fectious diseases, and medical treatments received. An important point to keep in
mind is that among the exogenous variables that determine children's nutritional
status may be parental tastes for children's nutrition and the availability of local
medical services, both of which should improve children's nutritional status.

Ideally, one would like data on nutritional status. Unfortunately, such basic
medical data-that is, data on metabolic processes taking place within the human
body-are rarely available, and our Philippines data are no exception. However,
among infants and young children the outward manifestation of good nutritional
status is physical growth. In general, increases in height are probably the best
single indicator of a child's nutritional status, although this relationship contains
some random measurement error. Thus, we use changes in height to measure
children's nutritional status for each time period t:

(4) DHEIGHTt = NUTRt + It

where gt is random measurement error. Similarly, a general indicator of prena-
tal nutrition is birth weight, although, again, measurement error will arise:

(5) BW = NUTRO + o.

A key assumption in equations 4 and 5 is that the error terms (t and go) re-
flect only measurement error. But they may also reflect other factors. In particu-
lar, although net intakes of calories and protein (that is, effective intakes after
accounting for wastage due to diarrhea and other health problems) are highly
correlated with growth, other nutritional deficiencies, such as micronutrient
deficiencies, do not necessarily reduce growth. The i's in equations 4 and 5 may
thus include aspects of a child's nutritional status that are not reflected in growth.
As explained below, this could lead to biased parameter estimates.

Using equations 4 and 5 to substitute for nutritional status in equation 3, and
assuming a simple linear form, yields

(6) IQt = Pio + flBW + YtP 2 tDHEIGHTt + 3PARNTED + 14WLTHo + s5

+ Y-A,EDENVt + 7 + et

where the residual term e is generated by the random factors (£'s) that deter-
mine external stimulation, the ,us in equations 4 and 5, and any measurement
error in the IQ test itself.

Ordinary least squares (OLS) estimates of the parameters in equation 6 are
likely to be biased for three reasons. First, some aspects of the local educational
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environment may not be observed, so that a portion of the EDENV variable is
captured by the error term. This will lead to overestimation of f6 in equation 6.
Moreover, these unobserved components may be correlated with the availabil-
ity and quality of local health services and thus correlated with birth weight and
increases in height. This would lead to overestimation of PI and the S2'5 in equa-
tion 6. We avoid these problems here by using a community fixed-effects proce-
dure to estimate equation 6.

Second, a child's nutritional status, as measured by birth weight and changes
in height, may be correlated with unobserved parental tastes regarding their
child's nutrition. If such tastes are correlated with tastes for educating children
(for example, both are manifestations of preferences for child "quality"), 0 will
be positively correlated with both birth weight and change in height, biasing
upward OLS estimates of f3 and the various 02's. Thus, suitable instruments must
be found for birth weight and the change in height. These variables also must be
instrumented because they measure nutritional status with error, thus biasing
estimates of both coefficients toward zero.

Third, birth weight and changes in height may not fully reflect children's
nutritional status. As explained above, this means that 1to and j, in equations
4 and 5 could reflect not only measurement error but also aspects of nutri-
tional status that have little effect on growth. If so, some components of the
NUTR variables will be relegated to the error term, et, which includes the ri's.
Thus, even when we can find good instruments for birth weight and changes
in height, these instruments may be correlated with et in equation 6, leading to
biased estimates. The direction of bias depends on whether the nutritional
problems not reflected in physical growth are more or less severe than those
that are reflected in growth.3

Because the second and third problems are closely tied to instrumental vari-
able methods, we consider the choice of instruments for birth weight and child
growth. To deal with the second problem, the instruments must be correlated
with one or both of these variables but uncorrelated with parental tastes (0) or
a child's inherited ability to learn (a), both of which are unobserved variables
in equation 6. Two sets of variables that would appear to satisfy these criteria
are local prices and fluctuations in the physical environment. Unfortunately,
the use of community fixed effects to resolve the first problem rules out a large

number of potential instruments; the remaining ones are those that vary over

relatively short periods of time within each community. Variation in prices of

major food items (such as corn) leads to variation in real income and the rela-

tive price of food, both of which are important determinants of health status.

3. To see this, suppose DHEIGHTt = NUTR, +Rt + vt, where v, accounts for a nutritional deficiency that

does not reduce growth appreciably. If this deficiency were severe, whereas deficiencies that affect growth

were relatively mild, v, would be positive (growth overestimates aggregate nutritional status). Instru-

ments that are positively correlated with nutritional status would then be negatively correlated with vt,

which would be part of the error term e,. In contrast, if deficiencies that strongly affect growth were

relatively severe, the correlation between the instruments and v, would be positive.
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Variation in rainfall can also serve as an instrumental variable, because heavy
rainfall may disrupt income-earning activities or raise individuals' exposure
to disease-spreading pathogens. Fortunately, the CLHNS data include both price
and rainfall variables.

Other potential instrumental variables are mothers' characteristics. 4 One is
maternal height, which should reflect both normal variation in height among a
healthy population and variation in the genetic health endowment of mothers
and their children. Also useful are indicators of mothers' health during pregnancy.
Poor maternal health could reduce birth weight and slow weight gain while the
child is nursing, but should have no direct effect thereafter.

This group of instrumental variables appears to resolve the second econometric
problem. It is difficult to imagine how the price and rainfall variables could be
correlated with parental tastes (0) or a child's ability to learn (a), and thus they
should be uncorrelated with the error term in the second-stage regression. The
two variables indicating mothers' health status also seem reasonable, although
one could think of reasons why they could be correlated with children's cogni-
tive development (for example, a mother's poor health during pregnancy could
be correlated with her health later in life, which in turn could directly affect her
child's cognitive development). Even so, almost any instrumental variable that
predicts NUTR might have at least a small effect on IQ. Because NUTR and IQ are
endogenous, any general behavioral model will show that virtually all exogenous
variables are determinants of both. Even food prices during infancy can be criti-
cized-they might affect purchases of educational toys for children, which would
in turn directly affect IQ.

The third problem can also raise doubts about the validity of these instru-
mental variables. The problem is that birth weight and changes in height may
not fully measure children's nutritional status. For example, they may not re-
flect micronutrient deficiencies, implying that et in equation 6 could be corre-
lated with the instruments. Yet these potential biases could go in any direction
and may be small. First, although micronutrient deficiencies are conceptually
different from inadequate intakes of calories and protein (which are well mea-
sured by a child's growth), they tend to be highly correlated with calorie and
protein deficiencies. This occurs because low-income households not only have
lower calorie and protein intakes but also have less diverse diets (more staples
and less meat and vegetables), which leads to micronutrient deficiencies. Because
of the correlation between calorie and protein intakes and micronutrient intakes,
child growth may reflect micronutrient deficiencies, leaving little scope for such
deficiencies to be reflected in the error term in equation 6. Second, even if bias
occurs, it is likely to have similar effects on the coefficients for birth weight and
change in height; such biases will have little effect on comparisons of the rela-
tive magnitudes of these coefficients.

4. We could also use father's characteristics. Regrettably, the CLHNS data contain less information
on fathers than on mothers. For example, no anthropometric data were collected from fathers.
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Reduced-Form Model

Given these considerations, can we estimate equation 6 with the instrumental
variables proposed here? Some researchers may consider the problems discussed
above to be minor and thus unlikely to lead to serious biases; others would dis-
agree. This dilemma arises in virtually any conventional application of instru-
mental variable methods. In this article we take a two-pronged approach. First,
we present instrumental variable estimates, noting the potential for bias. In ad-
dition, we check the validity of the instruments using standard overidentification
tests (see Davidson and MacKinnon 1993). Although the power of these tests to
reject a false null hypothesis may be small, our relatively large sample size should
increase that power. Second, we also present reduced-form estimates and attempt
to draw inferences from these results.

We can obtain reduced-form estimates of the determinants of children's
iQ scores by substituting out the nutritional status variables (NUTR) in equa-
tion 3. In particular, at any point in time the most important exogenous vari-
ables that determine nutritional status are past and current food prices
(FOODPR), the mother's health during pregnancy (MOMPRHLTH), the child's
health endowment (o), parental tastes for child health (p), parental education,
initial wealth, and past and current aspects of the local health environment
(HLTHENV):

(7) NUTRt = h(FOODPRo0 .... FOODPR,; MOMPRHLTH, (0, 4, PARNTED,

WLTHO; HLTHENVO .... HLTHENVt; nou, ¶1, .* * * t)

As in equation 2, equation 7 includes random exogenous factors that may affect
a child's health, denoted by the ri's.

The reduced-form equation of the determinants of children's cognitive devel-
opment is obtained by substituting equation 7 into equation 3:

(8) IQt = f(FOODPRo . . . FOODPRt; MOMPRHLTH, 03, 4, PARNTED,

WLTHO 0, 6, ; EDENVO,. . . EDENVt; HLTHENVO ... HLTHENVt;

U0 u1 .... ut).

In equation 8 the u's are aggregates of the 11's and the E's. To estimate this equa-
tion, we classify the health environment variables as two types: those that change
slowly over time, such as the availability of health clinics, and those that change
rapidly, such as weather conditions. The health variables that change slowly,
along with the educational environment (EDENV) variables, can be replaced in
equation 8 by community fixed effects.

What can we infer about the impact of the timing of malnutrition on subse-
quent cognitive development from equation 8? Consider food prices and the
health environment variables that can vary substantially over short time peri-
ods. If nutrition during, say, the first six months of life plays a crucial role in
cognitive development, then the food prices (and weather variables) prevailing
during those six months should have statistically significant effects. Simple
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F-tests of the joint significance of variables grouped by time periods can deter-
mine this. Yet this approach could be inconclusive for several reasons. First, the
structural determinants of cognitive development at time period t may include
cognitive development at time t - 1, and the same is true of the structural deter-
minants of nutritional status. This clouds the interpretation of the impact of prices
(and weather variables) in the earlier time periods: Part of their effect on cogni-
tive development at time t may work through nutritional status in earlier peri-
ods, whereas another part may manifest itself through nutritional status in more
recent time periods.

Second, much of what determines nutritional status and cognitive develop-
ment may not be observed and is thus relegated to the error term. This reduces
the precision of all the estimated parameters. Third, the price and rainfall vari-
ables may contain substantial measurement error, causing the true parameters
to be underestimated (recall that conditional demand estimates avoid this attenu-
ation bias through the use of instrumental variables). Fourth, different food items
may have significant effects on children at different ages, and comparing the
relative magnitudes may be problematic. The extent of these problems is diffi-
cult to determine a priori and may be unclear even after examining estimates of
equation 8. In any event, interpretations of the estimates must not overlook these
potential problems.

To summarize, there are two ways to investigate whether the timing of mal-
nutrition in early childhood is a critical factor for subsequent cognitive develop-
ment. First, one can estimate reduced-form relationships of the determinants of
cognitive development and attempt to draw inferences based on the impacts of
exogenous variables associated with the different time periods. Although this
method avoids problems associated with instrumental variable estimates, the
results may not lend themselves to clear interpretations. Second, one can use
instrumental variable methods that, if accurate, yield parameters that are easier
to interpret. However, the problem here is that additional econometric assump-
tions are required, and violations of these assumptions may produce misleading
results. We carry out both types of estimations.

IV. DATA AND EMPIRICAL IMPLEMENTATION

We use data from the CLHNS, a joint undertaking of the Office of Population Studies
at the University of San Carlos, the Philippines, and the Carolina Population Cen-
ter of the University of North Carolina. The CLHNS sampled 3,080 children born
in 33 barangays (communities) in the metropolitan Cebu area between May 1,
1983, and April 30, 1984. The first interview was conducted when mothers were
six to seven months pregnant. Detailed health and nutrition data were gathered
on the child and the mother every two months during the first two years of the
child's life. For full details, see Office of Population Studies (1989).

The initial plan for the CLHNS was to collect data only for the first two years
of each child's life. But a follow-up survey was implemented in 1991, when the
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children were about eight years old. This survey collected data on both the mother

and her child for the 2,264 children who could be located.5 In addition, all chil-

dren took the Philippines Nonverbal Intelligence Test. This test was developed
specifically for the Philippines by a team of psychologists (see Guthrie, Tayag,

and Jacobs 1977). We use the score on this test, which was administered to 2,256

of the 2,264 children, as the general indicator of cognitive development.
Before turning to the estimation results, several data issues require further

discussion. First, we must decide how many time periods to include in estimates
of equation 6. Should we aggregate the 12 interviews conducted during the first
two years the children's lives? There are problems with both too much and too
little aggregation. A large amount of aggregation implies a small number of rela-

tively long time periods. A consequent problem is that critical periods may be

overlooked because their effects are diluted by being averaged out over a longer

period. Little or no aggregation implies many short time periods; the difficulty
here is that many instrumental variables are needed, increasing the probability
that the endogenous variables cannot be identified. In section IV we use two sets
of time periods, two 12-month periods and four 6-month periods, to check the
robustness of the results.

A second issue concerns the rainfall data, which we use as instrumental vari-
ables for equation 6 and enter directly as regressors in equation 8. The CLHNS

data include two rainfall variables. The first is the rainfall in each barangay during
the time period in question. These figures are not exact because they are based
on records from only 11 weather stations, most of which were not located in the
33 barangays sampled in the CLHNS, and because some observations are miss-
ing. These rainfall estimates are based on the work of Vanderslice (1987). The

other rainfall variable is the proportion of months in a given time period that
are part of the rainy season (from June to November); children in the sample
will vary in terms of the proportion of their first six months of life that take place
in the rainy season. Two points are worth noting about this variable. First, there

is no sense in creating a second variable, the fraction of rainy season months

during the second six months of life, because it would be perfectly correlated
with the original variable and thus be redundant. Second, a rainy season vari-
able constructed for one year, rather than six months, will have no variation.
Yet this does not imply that information about the rainy season months has no

predictive power on nutritional status when early childhood is divided into one-

year periods. For example, the rainy season variable defined over the first six
months of life will still vary across children and may well have predictive power

for children's growth during the first year of life.
Third, consider the price variables. As with the rainfall variables (but unlike

the rainy season variable), the price variables can be defined in terms of specific

5. Of the 827 children (27 percent of the total sample) not located in 1991, 472 (15 percent) had

migrated out of the metro Cebu area, 205 (7 percent) had died, 125 (4 percent) could not be traced, and

25 (1 percent) could not be interviewed because they refused or for other reasons.
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intervals of each child's life, for example, the average price of corn during a child's
first six months, during the second six months, and so on. The food items used
are corn, bananas, infant formula, and Cerelac (a dry cereal powder that is pre-
pared by mixing with water).

A fourth data issue is the choice of variables to use for mothers' health status.
A good indicator of maternal health during the third trimester of pregnancy is
middle upper arm circumference, which indicates both energy (fat) and protein
(muscle) reserves.6 This variable should be correlated with birth weight and early
childhood growth (until weaning is completed). We use it and the mothers' heights
to measure the mothers' health status.

A fifth issue concerns the use of instrumental variables to estimate equation 6.
We must go beyond the necessary condition that the number of instruments equal
or exceed the number of variables being instrumented. For example, all of the
instruments may be good predictors of nutritional status in the first months of life,
but none may have predictive power in later years. A second potential problem is
that some of the instruments may be highly correlated with others. Fortunately,
the instruments discussed above should cover all of the time periods. Those that
reflect mother's health during pregnancy should have the most predictive power
for birth weight and the first months of life (during which the infant is
breastfeeding). Those relating to rainfall, as well as prices for infant formula and
infant foods, are more relevant for the weaning period, which begins around 6
months and ends by 18 or 24 months. General price variation and inherited health
(that is, mother's height) should be relevant for almost all time periods. In any
case, the first-stage regressions must be carefully examined to verify that the in-
struments have adequate predictive power for each time period considered.

Finally, one should check the data to see whether estimation of equation 6
can identify the impact of malnutrition at each time period. A necessary condi-
tion is that episodes of malnutrition must not be highly correlated over time;
more specifically, changes in height at different times should not be highly cor-
related with each other nor with birth weight. This condition is met by the data.
Birth weight and changes in height are remarkably uncorrelated over time (table
1). A related concern is whether the proposed instrumental variables are highly
correlated. Fortunately, the instrumental variables capturing the mothers' char-
acteristics are not highly correlated; the correlation coefficient for mother's height
and mid-arm circumference during pregnancy is only 0.205.

V. ESTIMATION RESULTS

In this section we present estimates of equations 6 and 8 using the CLHNS data.
Before doing so, it is useful to present simple descriptive statistics of key variables
(table 2). The dependent variable, the score on the Philippines Nonverbal Intelli-
gence test, ranges from 12 to 91, with a mean of 51 and a standard deviation of

6. Mothers' subcutaneous skinfold thickness is also in the CLHNS data. In a preliminary analysis it
displayed no explanatory power and thus is excluded from the estimates presented here.
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TABLE 1. Correlation Coefficients of Child Nutrition Variables

Growth
Birth 0-6 6-12 12-18 18-24 2-8

weight months months months months years

Birth weight 1.000

Growth
0-6 months -0.102 1.000

6-12 months 0.001 -0.188 1.000

12-18 months 0.009 0.043 -0.128 1.000

18-24 months -0.037 0.009 0.029 -0.118 1.000

2-8 years 0.029 0.085 0.024 0.012 -0.123 1.000

Source: Authors' calculations.

12. About half of the sampled children are girls. The mean (log) years of school-

ing is similar for both parents. At this point, there is nothing particularly remarkable

about the price, rainfall, and mothers' health variables that are used as instruments

in equation 6 and entered directly into equation 8, but we use this information

below. For brevity, we show only the price and rainfall variables for the first six

months of a child's life; for the other time periods the means are similar.

TABLE 2. Descriptive Statistics from Cebu Longitudinal
Health and Nutrition Survey

Variable Mean Standard deviation

IQ score 51.40 12.50

Sex (female = 1) 0.47 0.50

Log mother's schooling (years) 1.86 0.59

Log father's schooling (years) 1.88 0.62

Log value of household assets 7.79 1.66

(when mother was pregnant)
Mother's height (cm.) 150.61 4.99

Mother's arm circumference 24.65 2.34

during pregnancy (cm.)
Percentage of rainy season 0.53 0.29

in first 6 months
Rainfall days 0-6 months (cm.) 73.91 28.89

Price of banana during 0-6 months 20.04 4.31

Price of corn during 0-6 months 232.52 27.84

Price of formula during 0-6 months 369.62 51.50

Price of Cerelac during 0-6 months 321.44 22.23

Birth weight (kg.) 3.00 0.42

Growth 0-6 months (cm.) 15.05 2.34

Growth 6-12 months (cm.) 6.42 1.85

Growth 12-18 months (cm.) 4.41 1.64

Growth 18-24 months (cm.) 4.01 1.61

Growth 2-8 years (cm.) 38.40 4.02

Note: Prices are per kilogram, except the price of formula, which is per

container.
Source: Authors' calculations.
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More interesting are the child growth variables. The mean birth weight of 3.0
kg is typical for a healthy population of children. Mean growth during the first
six months of life is high, but in later months it slows considerably, another typical
result. What is not evident from table 2 is that by age two, 64 percent of chil-
dren have height-for-age Z-scores less than -2.0, indicating pervasive stunting.
Only 2-3 percent of well-nourished children would be in this category.

Reduced-Form Estimates

In this subsection we present estimates of equation 8, the reduced-form determi-
nants of children's cognitive development at age eight as measured by the Phil-
ippines Nonverbal Intelligence Test. We present these estimates first because they
require fewer econometric assumptions than do the conditional demand estimates,
which we present later. We estimate three versions of equation 8 (table 3).7 The
first equation does not include mother's height nor mother's arm circumference,
the second includes only mother's height, and the third includes both. We treat
these variables cautiously because they may be correlated with the error term.
However, neither has a significant effect on IQ scores, so most of the discussion
is confined to the first set of estimates.

The first four explanatory variables in table 3 have a positive and statistically
significant impact on IQ scores, as expected. Girls score slightly better than boys,
which is typical for the Philippines (see Tan, Lane, and Lassibille 1997). Also
typical are the findings that the schooling of both mothers and fathers has a
strong impact and that children from wealthier households have higher cogni-
tive development.

The fraction of the first six months of the child's life that fall in the rainy sea-
son has a significantly negative impact, which may lead to the conjecture that
the associated nutritional insults during that time period have a significant nega-
tive impact on children's cognitive development. But because this variable is
perfectly correlated with the fraction of rainy season months in the second six
months of the child's life, the third six months, and so on, we cannot infer any-
thing from this result regarding the timing of malnutrition.

We disaggregate each of the remaining variables in the first set of estimates in
table 3 into the four six-month time periods corresponding to the first two years
of life. Unfortunately, similar data were not available for any time period after
two years of age. That omission may not be serious, however, because nutri-
tional data consistently show that almost all shortfalls in height occur during
the first two years.8 Two of these variables, rainfall and banana prices, never
have a significant impact on children's IQ scores. As mentioned in section IV,
the rainfall variable is measured with error; these errors are probably random

7. All estimates use community fixed effects. The communities are not those in which the mothers
and children now live, but those in which the children were born. This should minimize bias arising
from selective migration, which could make community variables endogenous.

8. The conditional demand estimates presented in the next subsection examine nutritional status
between two and eight years of age.



TABLE 3. Reduced Form Estimates of the Determinants of IQ Scores

Standard Standard Standard

Variable Coefficient error Coefficient error Coefficient error

Sex (female) 1.007; 0.518 1.023** 0.518 1.021** 0.518

Log mother's schooling 3.744' "* 0.564 3.702;'* 0.565 3.704 * * 0.566

Log father's schooling 4.157 * 0.537 4.105* * 0.539 4.095* * 0.540

Log value 0.720-'- 0.174 0.705* * 0.175 0.697*** 0.176

household assets
Percentage rainy months -7.125'>* 1.959 -7.011 ** 1.963 -7.006* * 1.963

in first 6 months
Rainfall 0-6 months -0.020 0.013 -0.020 0.013 -0.020 0.013

Rainfall 6-12 months 0.012 0.013 0.012 0.013 0.012 0.013

Rainfall 12-18 months 0.002 0.010 0.002 0.010 0.002 0.010

Rainfall 18-24 months -0.003 0.010 -0.003 0.010 -0.003 0.010

Price bananas 0.028 0.096 0.028 0.096 0.027 0.096

0-6 months
Price bananas 0.067 0.153 0.063 0.153 0.062 0.153

6-12 months
Price bananas 0.127 0.128 0.123 0.128 0.123 0.128

12-18 months
Price bananas 0.019 0.129 0.019 0.129 0.019 0.129

18-24 months
Price corn 0.017 0.023 0.018 0.023 0.018 0.023

0-6 months
Price corn -0.023 0.023 -0.022 0.023 -0.023 0.023

6-12 months
Price corn -0.032 0.023 -0.032 0.023 -0.032 0.023

12-18 months
Price corn -0.054- 0.020 -0.054- 0.020 -0.054*** 0.021

18-24 months
Price formula 0.000 0.010 0.000 0.010 0.000 0.010

0-6 months
Price formula -0.024* 0.014 -0.025* 0.014 -0.025* 0.014

6-12 months
Price formula -0.015 0.015 -0.016 0.015 -0.016 0.015

12-18 months
Price formula 0.006 0.015 0.006 0.015 0.006 0.015

18-24 months
Price Cerelac -0.008 0.027 -0.007 0.027 -0.007 0.027

0-6 months
Price Cerelac 0.011 0.024 0.011 0.024 0.011 0.024

6-12 months
Price Cerelac 0.015 0.021 0.014 0.021 0.014 0.021

12-18 months
Price Cerelac 0.045#* 0.018 0.045* 0.018 0.045*' 0.018

18-24 months
Mother's height 0.052 0.054 0.048 0.055

Mother's arm 0.047 0.114

circumference
R2 0.238 0.238 0.238

Sample size 1,911 1,911 1,911

Notes:
*Significant at the 10 percent level.
-*Significant at the 5 percent level.
-**Significant at the 1 percent level.

Source: Authors' calculations.
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and thus would bias parameter estimates toward zero. As for banana prices,
although bananas are consumed widely in the Philippines, they are not a staple,
so changes in their price probably have only a small effect on food intake.

The prices of corn, infant formula, and Cerelac do have statistically signifi-
cant impacts on IQ scores, at least in some time periods. When a child is 18-24
months old, corn prices have a negative impact that is significant at the 1 per-
cent level, at 6-12 months infant formula prices have a negative impact that is
significant at the 10 percent level, and at 18-24 months Cerelac prices have a
positive impact that is significant at the 5 percent level. The sign of the coeffi-
cients on corn and infant formula and the timing of effects make sense. Infant
formula is most important during a child's first 12 months of life, whereas con-
sumption of corn is probably not significant until 6 or 12 months of age. The
timing of the Cerelac effect is plausible, but not the positive sign. Overall, the
results in table 3 suggest that price changes at 18-24 months, and perhaps also
at 6-12 months, could lead to nutritional insults that affect children's cognitive
development. It is also possible that nutritional insults at 0-6 months and 12-
18 months affect cognitive development, if the flooding picked up in the rainy
season variable reflects events at these ages.

A more formal way to check for the impact of timing is to test for the joint
significance of the price and rainfall variables when grouped by different time
periods (table 4). Joint tests of the rainfall variable and the four food price vari-
ables show no statistical significance during the first three six-month periods,
but for the fourth period (18-24 months) they are significant at the 10 percent
level. If the rainfall variable is dropped the results are similar except that the
F-test for 18-24 months is almost significant at the 5 percent level (p-value of
0.051). These results are consistent with those of table 3.

Another check of the regressions in table 3 pertains to correlation between
the four price variables. In some cases the correlation is high, which is plausible
because food prices may move together over both space and time. Of particular
interest is the high correlation coefficient (0.73) of corn and Cerelac prices dur-
ing the 18-24 month period, which may explain why they are both significant
but have opposite signs. Although F-tests should eliminate spurious significant
results caused by such high correlation, we can check for such results by reesti-

TABLE 4. Statistical Significance of Time-Varying Variables
0-6 Months 6-12 Months 12-18 Months 18-24 Months

Rainfall, bananas, 0.53 0.99 0.86 1.89
corn, formula, Cerelac

F (5,1853) [0.751] 10.422] [0.504] [0.0921
Bananas, corn, 0.17 1.10 1.06 2.36

formula, Cerelac
F (4,1853) [0.954] [0.355] [0.374] [0.051]

Source: Authors' calculations.
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mating the first regression in table 3 twice, once omitting Cerelac prices and once

omitting corn prices. In the first regression (not shown here) the parameter for
the price of corn is still negative but is reduced by nearly half (from -0.054 to
-0.028) and is significant only at the 10 percent level. In the second regression
the coefficient on the price of Cerelac remains positive but is reduced by two-
thirds (from 0.045 to 0.017) and is insignificant (t-value of 1.10). Thus the strong
statistical significance for these two variables for the period 18-24 months may

have been exaggerated, although the price of corn is still significant at the 10

percent level.
Do these reduced-form estimates tell us anything about the impact of the tim-

ing of malnutrition on children's cognitive development? Although caution is
needed, we can draw some tentative inferences. First, the insignificant impacts

on IQ scores of both mother's height and mother's arm circumference suggests
that prenatal nutrition may not be very important. In particular, these variables
are strong predictors of birth weight (as we will see in the next subsection; see
also table A-3 in the appendix), and if birth weight were strongly related to sub-
sequent cognitive development these variables should be statistically significant
predictors of IQ scores.

Second, there is no evidence that the crucial time period is the first six months
of life and thus no support for Dobbing's thesis. Even so, some caution is needed
because the strongly significant impact of the rainy season variable on children's
IQ scores could reflect its impact during the first six months of life. Third, there
is some evidence that malnutrition during the 18-24 month period matters, as

picked up in the significant impact of corn prices (and perhaps Cerelac prices,
although the unexpected sign and the disappearance of any significant effect after
corn prices are dropped raises serious doubts) and the joint significance of all
variables during that period. Fourth, there may also be an effect during the 6-
12 month period, as seen by the weak significance of the infant formula variable
for these months. However, the insignificant F-tests for that time period shows
the weakness of this result.

A final exercise that may be useful for policymakers is to use the estimates in
table 3 to assess the impacts on IQ scores of specific food price subsidies. Sup-
pose that corn were subsidized to reduce its price by half, from 2.32 to 1.16 pesos
per kg. The coefficient in table 3 suggests that IQ scores would increase by 6.3
points, about one half of its standard deviation. This is a sizable increase, yet
the estimated coefficient is reduced by nearly half when Cerelac prices are omit-
ted from the regression. Moreover, a subsidy on such a common staple would
be extremely expensive. In contrast, subsidizing infant formula may be much
less expensive, because it is consumed only by infants. Using the (admittedly
imprecisely) estimated coefficient on infant formula prices during the first 6-12
months of life, a subsidy that reduces this price by half (from 3.70 to 1.85 pesos
per can) would increase children's IQ scores by about 4.4 points. Although this
impact is also imprecisely estimated, it is sizable. We must also consider that there
other policies, such as interventions that provide child health or education ser-
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vices directly, that are much more economical ways to improve children's cog-
nitive development. This will be examined below using the conditional demand
estimates.

Conditional Demand Estimates

The reduced-form estimates reported above give only a little insight into the extent
to which the timing of malnutrition affects children's cognitive development.
Here, we present conditional demand estimates (estimates of equation 6). Al-
though these estimates require additional econometric assumptions, conditional
on those assumptions much more can be learned from the CLHNS data.

We estimate equation 6 using one-year intervals between birth and two years
of age (table 5).9 To investigate issues of timing, we divide early childhood into
four time periods: prenatal, birth to one year, one to two years, and two to eight
years. We cannot decompose prenatal growth into separate time periods (for
example, the first, second, and third trimesters of pregnancy) with the CLHNS

data, nor can we decompose the period from two to eight years. We take a rela-
tively conservative approach in specifying the time periods from birth to two
years, dividing this time period into two one-year periods, which minimizes the
need for instrumental variables.

The estimated coefficients on parents' education, household assets, and sex
in the OLS regression are not very different from their reduced-form counterparts
in table 3 and thus need no further discussion (table 5). Each of the four indica-
tors of childhood malnutrition has the expected positive sign, and three are highly
significant (the exception, growth from two to eight years, is significant only at
the 10 percent level). The relative magnitudes of the coefficients on birth weight
and child growth can be compared in terms of the impact on IQ scores of a one
standard deviation change in those variables (as seen in table 2). A one standard
deviation increase in birth weight raises the IQ score by 1.0 points. The analo-
gous figures for growth in the first and second years of life are 1.4 and 2.0,
respectively. 10

Finally, a one-standard-deviation increase in growth between two and eight
years would raise IQ scores by 0.5 point. These impacts are small, given that the
standard deviation of the IQ score is 12.5 points. If forced to compare the tim-
ing of interventions, and assuming no difference in the cost of increasing child
growth by one standard deviation for each time period, an intervention during
the second year is the most effective. Of course, for a rigorous comparison we
would need the costs of various nutrition interventions and their impact on child
growth in each time period, but this is beyond the scope of this article.

The OLS estimates in table 5 suggest that poor nutrition has significant effects
on children's cognitive development in all time periods, at least up to two years

9. These estimates also use community fixed effects, according to where the children were born.
10. The standard deviations of growth during the first and second years of life are 2.73 and 2.17,

respectively.
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TABLE 5. Fixed Effects Estimates of IQ Scores: One-Year Growth Intervals

Two-stage least squares for different instrument sets

Rainfall + Rainfall + price +
Rainfall + price + mother's height and

Explanatory variables OLS price mother's height arm circumference

Birth weight (kg) 2.297** -1.396 -2.922 -0.544
(0.634) (7.052) (6.172) (3.914)

Growth 0-12 months (cm) 0.496)' *" 0.161 0.001 -0.200
(0.101) (0.913) (0.842) (0.737)

Growth 12-24 months (cm) 0.937* * 4.975*** 4.848* ` 4.873***
(0.132) (0.966) (0.926) (0.924)

Growth 2-8 years (cm) 0.119* -0.064 -0.172 -0.198
(0.068) (0.470) (0.403) (0.399)

Sex (female) 1.426*** 0.879 0.786 0.714

(0.543) (1.431) (1.421) (1.412)

Log mother's schooling 2.974* 1.961>** 2.084*** 2.169***
(0.571) (0.845) (0.801) (0.781)

Log father's schooling 3.705*` 2.233*`* 2.388`* 2.410'5*
(0.543) (0.848) (0.776) (0.774)

Log value household assets 0.351 " " -0.019 0.056 0.035
(0.176) (0.304) (0.253) (0.249)

R2 0.236

Observations 1,873 1,872 1,872 1,872

Chi-square tests
Overidentification tests 21.22 21.15 21.62

Hausman test (d.f. = 4) 21.23*5* 22.08*` 21.91 >' 

F-tests for instruments
Birth weight 1.25 3.74*** 6.565**

Growth 0-12 months 2.07*** 4.19* > * 4.03***

Growth 12-24 months 2.75** 3.35*** 3.22 **

Growth 2-8 years 3.12*-'> 7.93*** 7.95***

*Significant at the 10 percent level.
-tSignificant at the 5 percent level.
* #Significant at the 1 percent level.
Notes: Standard errors are in parentheses. Parameter estimates for the 33 barangay dummy vari-

ables are not shown. Degrees of freedom for the overidentification tests are 17 in column 2, 18 in col-
umn 3, and 19 in column 4.

Source: Authors' calculations.

of age. The finding that prenatal nutrition matters is inconsistent with Stein and

others (1975) and Waber and others (1981), but supports Villar and others
(1984). Yet the OLS results may be misleading because tastes for child quality

may induce correlation between child nutrition and cognitive performance that
is not causally related. To address this problem, we use two-stage least squares

(2SLs) for the remaining conditional demand estimates in table 5.
The first 2SLs estimate treats all four child nutrition variables as endogenous,

using only price and rainfall variables as instruments (second column of table

5). The first-stage results are given in table A-1 in the appendix. These param-

eter estimates are different from the OLS results. Indeed, a Hausman test rejects
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the hypothesis that the two sets of estimates are equal. The most notable differ-
ence is that the coefficient on growth from one to two years increased fivefold
relative to the OLS estimate. The 2SLs estimate implies that a one standard de-
viation increase in growth in the second year of life would increase a child's IQ

by 10.1 points-a sizable increase. In contrast, the coefficients on the other three
child nutrition variables decrease in absolute value and lose their statistical sig-
nificance. These results are consistent with the Waber and Stein studies and sug-
gest that the OLS estimates are biased.

The instrumental variables used for birth weight and changes in height have
strong predictive power for three of the four child nutrition variables, as revealed
by the F-test statistics (bottom of table 5). They easily pass standard overidenti-
fication tests, suggesting (but not proving) that they are not correlated with et in
equation 6. Yet the price and rainfall instrumental variables are poor predictors
of birth weight. Additional instrumental variables would also increase the preci-
sion of the other estimates. Thus we include instrumental variables based on
mother's characteristics in the remaining estimates in table 5. The third column
includes mothers' height while the fourth adds prenatal mid-upper arm circum-
ference (the first-stage results are reported in appendix tables A-2 and A-3). In
both cases the results are similar to those of the estimates that use only the price
and rainfall variables as instruments: the only significantly positive coefficient is
that on the second year of life. The F-tests also show greater precision (now the
instruments have statistically significant predictive power for birth weight).
Finally, Hausman tests again show significant differences from the OLS results,
and the instruments pass overidentification tests."i

The 2SLs results in table 5 show that growth has a strong, positive, and statis-
tically significant impact of growth on cognitive development during the second
year of life. One might also conclude, based on the statistically insignificant ef-
fects for the other variables, that child nutrition matters only in the second year
of life. Yet this inference is unwarranted because the standard errors of the birth
weight and growth coefficients increase substantially when those child nutrition
variables are instrumented. In particular, the 95 percent confidence intervals
around the 2SLs estimates for birth weight, growth in the first year of life, and
growth from two to eight years encompass the 95 percent confidence intervals
of the respective OLS results, as seen in table 6. Thus one should not conclude
that the true values for these variables are zero or even negative.

However, despite their larger standard errors, the 2SLs estimates do show an
impact of poor nutrition during the second year of life on cognitive development

11. One anonymous referee suggested that the impact of child nutrition on IQ may be nonlinear. To
test this we estimated the first and fourth columns of table 5 adding quadratic terms for the four nutri-
tion variables. The OLS results were mixed, with two of the four variables (growth in the first year of
life and growth between two and eight years) showing significant quadratic effects. However, all terms,
both linear and quadratic, were insignificant in the 2sLs results. Apparently, the correlation between
the linear and quadratic terms was too great for precise instrumental variable estimates, so we did not
pursue this specification further.
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TABLE 6. Point Estimates and Confidence Intervals for the Impact of
Birthweight and Growth on iQ Scores

OLS 2sLs

One unit Increase of One unit Increase of
increase one standard increase one standard

(kg or cm) deviation (kg or cm) deviation

Birthweight (kg) 2.30 0.97 -0.54 -0.23
(1.06-3.54) (0.44-1.49) (-8.21-7.13) (-3.45-2.99)

Growth 0-12 months (cm) 0.50 1.37 -0.20 -0.55

(0.30-0.70) (0.82-1.91) (-1.64-1.24) (-4.48-3.39)

Growth 12-24 months (cm) 0.94 2.04 4.87 10.57

(0.68-1.20) (1.48-2.60) (3.06-6.68) (6.64-14.50)

Growth 2-8 years (cm) 0.12 0.48 -0.20 -0.80
(-0.01-0.25) (-0.04-1.01) (-0.98-0.58) (-3.94-2.33)

Notes: OLS and 2SLs estimates are from columns one and four of table 3, respectively. For each of

the four nutrition variables, the first row is the point estimate and the second row is the 95 percent

confidence interval.
Source: Authors' calculations.

that is stronger than the impact of poor nutrition in other time periods. We can
compare these impacts in terms of one standard deviation changes in height or
birth weight (as found in table 2 and note 10), because one centimeter of growth
in the first year of life may not be equivalent to one centimeter of growth in later
years, not to mention one-kilogram changes in birth weight (table 6).

Table 6 highlights two findings. First, the impact of a one-standard-deviation
increase in growth during the second year of life is much higher in the 2SLs esti-
mates than in the OLS estimates, a change not found for the other nutrition vari-
ables. That is, the confidence interval for the 2SLs estimates is from 6.6 to 14.5 IQ

points, much higher than the OLS range of 1.5 to 2.6, and this upward shift does
not occur for the other variables. Second, the 2SLS confidence intervals for each of
the four nutrition variables show that a one-standard-deviation improvement in
growth during the second year of life has a much larger impact on IQ than the one-
standard-deviation changes of the other variables, even when comparing the upper
endpoints of the confidence intervals for the latter (which range from 2.3 to 3.4) to
the low endpoint of the confidence interval for growth in the second year (6.6).

The finding that a child's nutritional status during the second year of life
may be more important than nutritional status during the first year clearly con-
tradicts the claim that the most critical period is the first six months of life.
That conjecture was based on biological evidence (specifically, during the first
six months of life brain mass grows most quickly), so one may ask whether
any biological research indicates a critical period later in life. Recent biologi-
cal research shows that brain development is a complex process that spans a
period of time much longer than the period of maximum brain growth, con-
sidered by Dobbing and others. Some critical developments (gliogenesis,
macroneurogenesis, and early glial and neuronal migrations) precede the pe-
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riod of maximum brain growth and others (synaptogenesis and myelinization)
occur after that period (Pollitt et al. 1996). If developments that occur after
the period of maximum brain growth are more sensitive to malnutrition, the
biological evidence is consistent with our findings. However, there is little pre-
cise evidence on the relative impact of malnutrition on the processes of brain
development; the truth is that much is still unknown about the impact of poor
nutrition on brain development.

Overall, the main findings of table 5 are that there is no support for the hy-
pothesis that nutrition during the first year of life, or prenatal nutrition, is the
most critical for cognitive development, and that there may be a critical period
during the second year of life. Note that these findings are consistent with those
of Waber and others (1981), the only experimental study designed to assess the
relationship between mental development and the timing of malnutrition. Even
so, these instrumental variable estimates could be biased, and so must be treated
cautiously.

The good explanatory power of the instruments in table 5, and the fact that
they easily pass the overidentification tests, suggests that we should divide the
time period from birth to two years into smaller time periods. We divide those
years into four six-month intervals (table 7). The general findings are the same.
Although the OLS results indicate that all time periods have significant effects,
the only significant effect in the 2SLs estimates is from 18 to 24 months. Dobbing's
conjecture that the first six months are the most important again finds no sup-
port. Note that the standard errors in table 7 are very large for these six-month
periods, sometimes nearly double the standard errors of the two one-year peri-
ods in table 5. This implies that division of the first two years of life into smaller
time periods would probably produce even less precise estimates and thus yield
no further useful information.

Because the findings in tables 5 and 7 are both strong and unexpected, we
make two checks for robustness. First, we reestimate the regressions after drop-
ping the 5 percent of observations with the largest residuals (in absolute value
terms) in the original regression. Second, we randomly divide the sample into
two equal subsamples. In each case the new estimates yield results that are simi-
lar to those shown in tables 5 and 7.

The reduced-form estimates can be used to examine the likely impact of an early
childhood nutrition program. We have no data reporting the impact of such a
program on child height from the Philippines, but a detailed study in India by
Kielmann and associates (1983) provides useful information. In that study a pro-
gram of nutritional supplements, health surveillance, and nutrition education for
children less than three years of age led to an increase in height by age two of about
two centimeters, almost all of which took place between 12 and 24 months. The
2SLs estimates of the impact on IQ of growth during the second year of life from
table 5 imply that such a program would increase IQ scores by 9-10 points. This
is a greater increase than the estimates of the impacts of corn and infant formula
subsidies calculated from the reduced-form estimates of table 3.
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TABLE 7. Conditional Demand Estimates of IQ Scores: Six-Month Growth
Intervals

Two-stage least squares for different instrument sets

Rainfall + Rainfall + prices +

Rainfall + prices + mother's height and

Explanatory variables OLS prices mother's height arm circumference

Birth weight (kg) 2.263 * " 8.810 -1.047 -2.718
(0.635) (9.965) (6.073) (4.039)

Growth 0-6 months (cm.) 0.400 * -2.176 -1.530 -1.238
(0.118) (1.641) (1.259) (0.973)

Growth 6-12 months (cm) 0.646* ** 4.552 1.387 1.290

(0.151) (2.895) (1.622) (1.581)
Growth 12-18 months (cm) 0.862*** 5.320* 3.000 2.834

(0.172) (3.050) (2.106) (2.033)

Growth 18-24 months (cm) 1.047*** 6.007*** 5.171 * 5.144 **
(0.175) (1.265) (0.908) (0.893)

Growth 2-8 years 0.136** 1.018 0.386 0.400
(0.068) (0.711) (0.461) (0.454)

Sex (female) 1.308** -2.352 -1.224 -1.002
(0.547) (2.296) (1.728) (1.603)

Log mother's schooling 2.966'" 0.967 2.150-" 2.141 *
(0.571) (1.332) (0.865) (0.854)

Log father's schooling 3.723*** 1.557 2.872*** 2.899* *
(0.544) (1.425) (0.907) (0.893)

Log value household assets 0.326* -0.739 0.000 0.044
(0.176) (0.635) (0.331) (0.305)

R2 0.236

Observations 1,870 1,869 1,869 1,869

Chi-square tests
Overidentification 8.42 16.37 16.66
Hausman (d.f. = 6) 18.91*** 27.91*** 28.55***
F-tests for instruments
Growth 0-6 months 1.92>#* 3.04*** 3.03***

Growth 6-12 months 1.18 1.67** 1.66**

Growth 12-18 months 2.34*** 2.83*** 2.72***
Growth 18-24 months 7.41*** 7.19*** 6.87***

*Significant at the 10 percent level.
-*Significant at the 5 percent level.
-**Significant at the 1 percent level.

Note: Standard errors are in parentheses. Parameter estimates for the 33 barangay dummy vari-
ables are not shown. Degrees of freedom for the overidentification tests are 15 in column 2, 16 in col-
umn 3, and 17 in column 4.

Source: Authors' calculations.

Of course, the simple comparison between food subsidies and the nutrition
program is incomplete because it ignores the costs of the programs. A general
corn subsidy would be very expensive; in 1985 the Philippines produced 3.86
million metric tons (3.96 billion kg) of corn. The cost of a 50 percent subsidy,
1.16 pesos per kg, would be about 4.5 billion pesos per year. In contrast, the
cost of the early childhood nutrition program in India cost about $110 per child
in 1985 U.S. dollars, which amounts to about 2,100 pesos per year (in 1985
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prices). The Philippines had about 4 million children under age three in 1985, of
which at most one half could be considered to be malnourished. The annual cost
for such a program for all Filipino children would be about US$37 dollars per
child, which would be about 2.8 billion pesos per year (again in 1985 prices).12

If the program were limited to the half of the population that is most likely to be
malnourished, the cost would be only 1.4 billion pesos. Given that the impact of
this program is stronger than that of the corn subsidy, and the cost is much lower,
the early childhood nutrition program appears to be the better investment. Sub-
sidies for infant formula may also be a worthy policy, given that it is consumed
only by infants. But the imprecision of the estimates in table 3 suggests further
study before such a policy could be advocated.

VI. CONCLUSION

The purpose of this article is to examine whether malnutrition during certain
periods in the lives of young children leads to substantially lower cognitive abilities
later in life. This question is difficult to address even with the rich data used here.
Reduced-form estimates are less likely to yield biased parameter estimates, but
drawing inferences from such estimates is difficult. Estimates of conditional
demand relationships are easier to interpret but are also more susceptible to the
biases than can arise when using instrumental variable methods. Fortunately,
the results from both approaches tell a similar story, allowing several tentative
conclusions to be drawn.

First, neither the reduced-form nor the conditional demand estimates support
Dobbing's claim that the most critical period is the first six months of life, nor
do they support the hypothesis that prenatal nutrition is more critical than post-
natal nutrition. Second, both sets of estimates suggest that the period from 18 to
24 months may be critical. This is consistent with the experimental study of Waber
and others (1981). Third, reduced-form estimates, though imprecise, indicate that
price subsidies for corn and infant formula could improve children's nutritional
status, but a subsidy on infant formula is likely to be more cost-effective because
it is better targeted to very young children. Still, neither subsidy may be cost-
effective relative to programs that directly provide medical or educational ser-
vices to young children. A final conclusion is more methodological in nature:
the conditional demand estimates, though potentially biased, suggest that simple
OLS estimates of the impact of the timing of malnutrition may be biased, per-
haps because nutritional status is correlated with unobserved factors that deter-
mine cognitive development. Studies on the timing of malnutrition that ignore
this methodological problem could produce very misleading results.

When considering the policy implications of our findings, substantial caution
is in order. First, when we find no evidence that a particular period of time dur-

12. The $110 cost is spread out over three years of participation, so the annual cost is one third of
this, which is about $37.
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ing early childhood is critical, we cannot conclude that malnutrition during that
period has no consequences for cognitive development. Indeed, the reduced-form
estimates were imprecise and at times difficult to interpret, and the standard errors
of the conditional demand estimates for time periods that were not statistically
significant were quite large. Rather, we claim simply that these effects may not
be as important as those of other time periods.

Second, these findings are based on one area of one developing country; fur-
ther evidence is needed from other countries before we can claim that the sec-
ond year of life is the most critical. Third, even if the effects of malnutrition on
cognitive development are strongest in the second year of life, the cost of pre-
venting such malnutrition must be compared to the cost of preventing it at ear-
lier or later periods, because interventions at other periods may have much lower
costs. What can be said is that malnutrition policies and programs should seri-
ously consider components aimed at reducing malnutrition during the second
year of life. Fourth, if a nutritional intervention in one time period does not in-
crease growth until some future period, the optimal time for nutritional inter-
ventions may not correspond to the critical periods identified. However, our
reading of the nutrition literature (for example, Bundy 1997) is that nutritional
interventions in early childhood do lead to immediate increases in child growth.

In sum, the results of this study suggest that malnutrition during early child-
hood can reduce cognitive performance later in life, but they do not support claims
by observers that certain time periods are critical. Much more research on the
impact of early childhood nutrition on cognitive development and on educational
outcomes is needed to better understand the nature of these relationships. The
more these relationships are understood, the better will be our ability to design
effective policies and programs to reduce the negative impacts of early childhood
malnutrition on subsequent school performance and, more generally, on the
quality of life.

(Appendix tables begin on the following page)



APPENDIX. FIRST-STAGE ESTIMATES OF CHILD NUTRITION

TABLE Al. First Stage Estimates for Table 5, Rainfall and Price Variables Only

Birth Growth Growth Growth
Explanatory variables weight 0-12 months 12-24 months 2-8 years

Sex (female) -57.057 -1.056 0.087 1.360
(-3.18) (-9.31) (1.02) (7.63)

Log mother's schooling -2.224 0.456 0.343 0.297
(-0.12) (3.72) (3.70) (1.53)

Log father's schooling 16.069 0.259 0.357 0.311
(0.87) (2.23) (4.06) (1.68)

Log value HH assets 20.076 0.151 0.164 0.122
(3.37) (4.00) (5.72) (2.03)

% rainy months in first 6 months 38.706 -1.829 -0.414 0.262
(0.57) (-4.26) (-1.27) (0.39)

Rainfall 0-6 months 0.150 -0.005 -0.002 -0.006
(0.32) (-1.58) (-0.75) (-1.20)

Rainfall 6-12 months 0.083 0.002 -0.001 -0.003
(0.19) (0.87) (0.30) (-0.75)

Rainfall 12-18 months -0.097 -0.004 -0.001 -0.006
(-0.28) (-1.80) (-0.40) (-1.64)

Rainfall 18-24 months 0.121 0.005 -0.002 0.007
(0.35) (2.12) (-1.02) (2.04)

Price bananas 0-6 months 3.520 -0.030 0.000 0.022
(1.07) (-1.43) (0.02) (0.65)

Price bananas 6-12 months -2.863 -0.014 0.024 0.020
(-0.54) (-0.40) (0.94) (0.38)

Price bananas 12-18 months 6.916 -0.015 -0.030 -0.006
(1.58) (-0.54) (-1.42) (-0.13)

Price bananas 18-24 months 1.714 0.004 -0.002 0.044
(0.39) (0.13) (-0.11) (0.99)

Price corn 0-6 months -1.050 -0.001 -0.000 -0.008
(-1.34) (-0.12) (-0.12) (-1.08)

Price corn 6-12 months -0.904 0.002 -0.001 -0.002
(-1.13) (0.39) (-0.13) (-0.27)

Price corn 12-18 months -0.314 0.009 0.002 -0.001
(-0.41) (1.91) (0.64) (-0.15)

Price corn 18-24 months 0.049 0.008 -0.007 -0.017
(0.07) (1.70) (-1.94) (-2.36)

Price formula 0-6 months -0.098 0.001 -0.001 0.000
(-0.28) (0.30) (-0.64) (0.05)

Price formula 6-12 months 0.986 0.002 0.000 0.002
(2.11) (0.64) (0.04) (0.46)

Price formula 12-18 months 0.939 -0.005 -0.001 -0.005
(1.76) (-1.52) (-0.37) (-0.98)

Price formula 18-24 months 0.204 -0.003 -0.004 0.024
(0.38) (-1.00) (-1.43) (4.50)

Price Cerelac 0-6 months 1.254 -0.001 -0.003 -0.010
(1.40) (-0.12) (-0.64) (-1.12)

Price Cerelac 6-12 months -1.321 0.001 0.003 0.003
(-1.60) (0.24) (0.77) (0.37)

Price Cerelac 12-18 months 1.001 0.005 0.001 0.003
(1.41) (1.16) (0.28) (0.42)

Price Cerelac 18-24 months -1.124 0.001 0.005 -0.010
(-1.83) (0.20) (1.55) (-1.58)

R 2 0.053 0.106 0.179 0.122

Source: Authors' calculations.



TABLE A-2. First-Stage Estimates for Table 5, Rainfall and Price Variables,
and Mother's Height

Birth Growth Growth Growth

Explanatory variables weight 0-12 months 12-24 months 2-8 years

Sex (female) -53.793 -1.037 0.096 1.419
(-3.03) (-9.24) (1.12) (8.18)

Log mother's schooling -13.978 0.386 0.313 0.148

(-0.73) (3.18) (3.73) (0.78)

Log father's schooling 1.617 0.173 0.320 0.122
(0.09) (1.50) (3.62) (0.68)

Log value HH assets 17.265 0.133 0.156 0.067

(2.93) (3.56) (5.46) (1.14)

% rainy months in first 6 months 62.46 -1.683 -0.350 0.669

(0.93) (-3.96) (-1.08) (1.02)

Rainfall 0-6 months 0.095 -0.005 -0.002 -0.005
(0.21) (-1.67) (-0.79) (-1.12)

Rainfall 6-12 months 0.127 0.003 -0.001 -0.002

(0.30) (0.98) (-0.25) (-0.59)

Rainfall 12-18 months -0.096 -0.004 -0.001 -0.005

(-0.28) (-1.82) (-0.40) (-1.48)

Rainfall 18-24 months -0.037 0.004 -0.002 0.005

(-0.11) (1.74) (-1.25) (1.52)

Price bananas 0-6 months 3.774 -0.028 0.001 0.021

(1.16) (-1.36) (0.07) (0.66)

Price bananas 6-12 months -3.119 -0.015 0.023 0.008

(-0.60) (-0.46) (0.92) (0.16)

Price bananas 12-18 months 6.807 -0.016 -0.030 -0.019

(1.57) (-0.58) (-1.44) (-0.44)

Price bananas 18-24 months 1.829 0.003 -0.002 0.047

(0.42) (0.12) (-0.12) (1.09)

Price corn 0-6 months -1.009 -0.000 -0.000 -0.008

(-1.30) (-0.07) (-0.09) (-1.06)

Price corn 6-12 months -0.816 0.002 -0.000 -0.001

(-1.04) (0.47) (-0.08) (-0.19)

Price corn 12-18 months -0.394 0.009 0.002 -0.002

(-0.52) (1.86) (0.60) (-0.33)

Price corn 18-24 months 0.203 0.008 -0.006 -0.016
(0.29) (1.91) (-1.84) (-2.29)

Price formula 0-6 months -0.168 0.000 -0.001 -0.001

(-0.49) (0.13) (-0.73) (-0.26)

Price formula 6-12 months 0.777 0.001 -0.000 -0.001

(1.68) (0.27) (-0.17) (-0.24)

Price formula 12-18 months 0.809 -0.006 -0.001 -0.007

(1.54) (-1.75) (-0.50) (-1.30)

Price formula 18-24 months 0.074 -0.004 -0.004 0.022

(0.14) (-1.23) (-1.55) (4.29)

Price Cerelac 0-6 months 1.491 0.001 -0.002 -0.008

(1.68) (0.12) (-0.51) (-0.86)

Price Cerelac 6-12 months -1.342 0.001 0.003 0.004
(-1.65) (0.23) (0.77) (0.49)

Price Cerelac 12-18 months 0.834 0.004 0.001 0.000

(1.19) (0.96) (0.16) (0.06)

Price Cerelac 18-24 months -1.119 0.001 0.005 -0.010

(-1.85) (0.19) (1.55) (-1.59)

Mother's height 13.711 0.081 0.035 0.185

(7.44) (6.90) (3.94) (10.26)
R' 0.078 0.126 0.185 0.169

Source: Authors' calculations.



TABLE A-3. First-Stage Estimates for Table 5, Rainfall, Prices, and Mother's
Height and Arm Circumference

Birth Growth Growth Growth
Explanatory variables weight 0-12 months 12-24 months 2-8 years

Sex (female) -55.615 -1.037 0.095 1.414
(-3.18) (-9.23) (1.11) (8.17)

Log mother's schooling -14.801 0.387 0.313 0.152
(-0.78) (3.18) (3.37) (0.81)

Log father's schooling -3.452 0.176 0.318 0.100
(-0.19) (1.52) (3.60) (0.56)

Log value HH assets 11.822 0.136 0.154 0.047
(2.02) (3.62) (5.36) (0.80)

% rainy months in first 6 months 66.909 -1.685 -0.349 0.680
(1.01) (-3.96) (-1.07) (1.04)

Rainfall 0-6 months 0.126 -0.005 -0.002 -0.005
(0.28) (-1.68) (-0.79) (-1.07)

Rainfall 6-12 months 0.203 0.003 -0.000 -0.002
(0.48) (0.96) (-0.24) (-0.55)

Rainfall 12-18 months -0.029 -0.004 -0.001 -0.005
(-0.09) (-1.83) (-0.39) (-1.40)

Rainfall 18-24 months -0.016 0.004 -0.002 0.005
(-0.05) (1.73) (-1.25) (1.58)

Price bananas 0-6 months 3.318 -0.028 0.001 0.019
(1.04) (-1.34) (0.06) (0.59)

Price bananas 6-12 months -3.717 -0.015 0.023 0.004
(-0.72) (-0.45) (0.91) (0.08)

Price bananas 12-18 months 6.581 -0.016 -0.030 -0.019
(1.54) (-0.58) (-1.45) (-0.45)

Price bananas 18-24 months 0.945 0.004 -0.003 0.045
(0.22) (0.14) (-0.13) (1.04)

Price corn 0-6 months -0.891 -0.000 -0.000 -0.008
(-1.17) (-0.08) (-0.08) (-1.01)

Price corn 6-12 months -0.963 0.002 -0.000 -0.002
(-1.24) (0.49) (-0.10) (-0.23)

Price corn 12-18 months -0.281 0.009 0.002 -0.002
(-0.38) (1.84) (0.61) (-0.26)

Price corn 18-24 months 0.206 0.008 -0.006 -0.015
(0.30) (1.91) (-1.84) (-2.26)

Price formula 0-6 months -0.126 0.000 -0.001 -0.001
(-0.37) (0.12) (-0.72) (-0.25)

Price formula 6-12 months 0.648 0.001 -0.000 -0.002
(1.42) (0.30) (-0.19) (-0.34)

Price formula 12-18 months 0.780 -0.006 -0.001 -0.007
(1.51) (-1.74) (-0.50) (-1.31)

Price formula 18-24 months 0.082 -0.004 -0.004 0.022
(0.16) (-1.23) (-1.55) (4.30)

Price Cerelac 0-6 months 1.527 0.001 -0.002 -0.007
(1.75) (0.11) (-0.50) (-0.80)

Price Cerelac 6-12 months -1.379 0.001 0.003 0.004
(-1.72) (0.24) (0.76) (0.48)

Price Cerelac 12-18 months 0.925 0.004 0.001 0.001
(1.34) (0.95) (0.17) (0.10)

Price Cerelac 18-24 months -1.187 0.001 0.005 -0.010
(-1.99) (0.20) (1.54) (-1.66)

Mother's height 11.117 0.082 0.034 0.176
(6.03) (6.92) (3.78) (9.65)

Mother's arm circumference 30.520 -0.018 0.011 0.106
(8.14) (-0.73) (0.57) (2.79)

R2 0.106 0.126 0.185 0.173

Source: Authors' calculations.



TABLE A-4. First-Stage Estimates for Table 5, Rainfall and Price
Variables Only

Growth Growth Growth Growth
Explanatory variables 0-6 months 6-12 months 12-18 months 18-24 months

Sex (female) -0.968 -0.093 0.132 -0.040
(-9.84) (-1.19) (1.97) (-0.61)

Log mother's schooling 0.217 0.235 0.183 0.152
(2.05) (2.80) (2.52) (2.17)

Log father's schooling 0.161 0.094 0.238 0.125
(1.59) (1.18) (3.45) (1.87)

Log value HH assets 0.044 0.105 0.102 0.060
(1.35) (4.07) (4.59) (2.78)

% rainy months in first 6 months -1.179 -0.627 0.567 -0.974
(-3.17) (-2.13) (2.23) (-3.96)

Rainfall 0-6 months -0.003 -0.001 0.001 -0.003
(-1.27) (-0.53) (0.64) (-1.65)

Rainfall 6-12 months 0.002 0.000 0.002 -0.002
(0.74) (0.16) (0.93) (-1.49)

Rainfall 12-18 months -0.005 0.002 -0.002 0.001
(-2.80) (1.03) (-1.39) (0.75)

Rainfall 18-24 months 0.003 0.001 0.002 -0.004
(1.77) (0.89) (1.43) (-2.85)

Price bananas 0-6 months -0.022 -0.009 0.014 -0.012
(-1.21) (-0.60) (1.15) (-1.03)

Price bananas 6-12 months -0.015 0.002 0.019 0.011
(-0.52) (0.07) (0.92) (0.55)

Price bananas 12-18 months -0.044 0.028 -0.026 -0.001
(-1.84) (1.45) (-1.57) (-0.07)

Price bananas 18-24 months 0.005 -0.003 0.014 -0.013
(0.23) (-0.17) (0.84) (-0.81)

Price corn 0-6 months -0.009 0.008 -0.004 0.004
(-2.07) (2.45) (-1.51) (1.39)

Price corn 6-12 months -0.002 0.004 -0.000 -0.000
(-0.50) (1.11) (-0.11) (-0.05)

Price corn 12-18 months 0.007 0.003 0.001 0.002
(1.61) (0.78) (0.26) (0.65)

Price corn 18-24 months 0.003 0.005 -0.003 -0.004
(0.72) (1.58) (-1.20) (-1.46)

Price formula 0-6 months 0.000 0.001 0.002 -0.003
(0.13) (0.34) (1.40) (-2.36)

Price formula 6-12 months 0.002 0.000 0.003 -0.003
(0.76) (0.05) (1.80) (-1.93)

Price formula 12-18 months -0.005 0.000 0.001 -0.002
(-1.77) (0.07) (0.37) (-0.84)

Price formula 18-24 months -0.003 -0.001 0.001 -0.004
(-0.92) (-0.44) (0.29) (-2.13)

Price Cerelac 0-6 months 0.005 -0.005 -0.007 0.003
(0.96) (-1.38) (-1.91) (1.02)

Price Cerelac 6-12 months 0.004 -0.002 0.002 0.002
(0.84) (-0.65) (0.56) (0.53)

Price Cerelac 12-18 months 0.007 -0.002 0.006 -0.005
(1.87) (-0.58) (2.11) (-1.87)

Price Cerelac 18-24 months -0.001 0.002 -0.002 0.007
(-0.23) (0.68) (-1.08) (3.15)

R2 0.081 0.066 0.124 0.138

Source: Authors' calculations.



TABLE A-5. First-Stage Estimates for Table 7, Rainfall and Price Variables,
and Mother's Height

Growth Growth Growth Growth
Explanatory variables 0-6 months 6-12 months 12-18 months 18-24 months

Sex (female) -0.956 -0.086 0.138 -0.037
(-9.77) (-1.11) (2.06) (-0.57)

Log mother's schooling 0.173 0.212 0.161 0.143
(1.63) (2.52) (2.22) (2.04)

Log father's schooling 0.105 0.065 0.211 0.114
(1.05) (0.81) (3.05) (1.69)

Log value HH assets 0.033 0.099 0.097 0.058
(1.02) (3.83) (4.35) (2.67)

% rainy months in first 6 months -1.086 -0.576 0.612 -0.956
(-2.93) (-1.96) (2.41) (-3.88)

Rainfall 0-6 months -0.003 -0.001 0.001 -0.003
(-1.33) (-0.56) (0.61) (-1.66)

Rainfall 6-12 months 0.002 0.000 0.002 -0.002
(0.82) (0.21) (0.98) (-1.47)

Rainfall 12-18 months -0.005 0.002 -0.002 0.001
(-2.81) (1.03) (-1.39) (0.75)

Rainfall 18-24 months 0.003 0.001 0.002 -0.004
(1.48) (0.69) (1.22) (-2.94)

Price bananas 0-6 months -0.021 -0.008 0.015 -0.012
(-1.15) (-0.55) (1.20) (-1.01)

Price bananas 6-12 months -0.016 0.001 0.018 0.010
(-0.56) (0.04) (0.90) (0.54)

Price bananas 12-18 months -0.045 0.027 -0.026 -0.001
(-1.88) (1.44) (-1.59) (-0.08)

Price bananas 18-24 months 0.005 -0.003 0.014 -0.013
(0.22) (-0.17) (0.84) (-0.82)

Price corn 0-6 months -0.009 0.008 -0.004 0.004
(-2.04) (2.48) (-1.48) (1.41)

Price corn 6-12 months -0.002 0.004 -0.000 -0.000
(-0.43) (1.16) (-0.06) (-0.04)

Price corn 12-18 months 0.007 0.002 0.001 0.002
(1.57) (0.75) (0.22) (0.63)

Price corn 18-24 months 0.003 0.005 -0.003 -0.004
(0.87) (1.68) (-1.11) (-1.42)

Price formula 0-6 months -0.000 0.000 0.002 -0.003
(-0.01) (0.25) (1.32) (-2.40)

Price formula 6-12 months 0.001 -0.000 0.003 -0.003
(0.47) (-0.14) (1.61) (-2.01)

Price formula 12-18 months -0.006 -0.000 0.001 -0.002
(-1.95) (-0.05) (0.26) (-0.89)

Price formula 18-24 months -0.003 -0.001 0.000 -0.004
(-1.08) (-0.55) (0.18) (-2.18)

Price Cerelac 0-6 months 0.006 -0.005 -0.006 0.004
(1.15) (-1.26) (-1.80) (1.08)

Price Cerelac 6-12 months 0.004 -0.002 0.002 0.002
(0.83) (-0.65) (0.55) (0.53)

Price Cerelac 12-18 months 0.007 -0.002 0.005 -0.005
(1.71) (-0.69) (2.01) (-1.92)

Price Cerelac 18-24 months -0.001 0.002 -0.002 0.007
(-0.25) (0.67) (-1.09) (3.15)

Mother's height 0.052 0.028 0.025 0.010
(5.10) (3.44) (3.57) (1.52)

R2 0.092 0.071 0.129 0.139

Source: Authors' calculations.



TABLE A-6. First-Stage Estimates for Table 7, Rainfall Prices, and Mother's
Height and Arm Circumference

Growth Growth Growth Growth
Explanatory variables 0-6 months 6-12 months 12-18 months 18-24 months

Sex (female) -0.953 -0.087 0.138 -0.037
(-9.75) (-1.12) (2.05) (-0.58)

Log mother's schooling 0.173 0.211 0.161 0.143
(1.63) (2.51) (2.22) (2.03)

Log father's schooling 0.112 0.061 0.209 0.113
(1.12) (0.76) (3.03) (1.69)

Log value HH assets 0.039 0.096 0.096 0.057
(1.20) (3.67) (4.25) (2.63)

% rainy months in first 6 months -1.092 -0.574 0.613 -0.955
(-2.95) (-1.95) (2.41) (-3.88)

Rainfall 0-6 months -0.003 -0.001 0.001 -0.003
(-1.35) (-0.55) (0.61) (-1.66)

Rainfall 6-12 months 0.002 0.000 0.002 -0.002
(0.78) (0.23) (0.99) (-1.46)

Rainfall 12-18 months -0.005 0.002 -0.002 0.001
(-2.85) (1.06) (-1.37) (0.76)

Rainfall 18-24 months 0.003 0.001 0.002 -0.004
(1.47) (0.69) (1.22) (-2.94)

Price bananas 0-6 months -0.020 -0.008 0.015 -0.012
(-1.12) (-0.58) (1.19) (-1.01)

Price bananas 6-12 months -0.015 0.000 0.018 0.010
(-0.53) (0.02) (0.89) (0.54)

Price bananas 12-18 months -0.045 0.027 -0.026 -0.001
(-1.86) (1.42) (-1.60) (-0.08)

Price bananas 18-24 months 0.006 -0.004 0.014 -0.013
(0.27) (-0.20) (0.82) (-0.82)

Price corn 0-6 months -0.009 0.009 -0.004 0.004
(-2.07) (2.50) (-1.47) (1.41)

Price corn 6-12 months -0.002 0.004 -0.000 -0.000
(-0.40) (1.14) (-0.08) (-0.04)

Price corn 12-18 months 0.006 0.003 0.001 0.002
(1.53) (0.77) (0.23) (0.63)

Price corn 18-24 months 0.003 0.005 -0.003 -0.004
(0.87) (1.68) (-1.11) (-1.42)

Price formula 0-6 months -0.000 0.000 0.002 -0.003
(-0.03) (0.27) (1.33) (-2.40)

Price formula 6-12 months 0.001 -0.000 0.003 -0.003
(0.53) (-0.18) (1.59) (-2.02)

Price formula 12-18 months -0.006 -0.000 0.000 -0.002
(-1.94) (-0.06) (0.25) (-0.89)

Price formula 18-24 months -0.003 -0.001 0.000 -0.004
(-1.09) (-0.54) (0.18) (-2.18)

Price Cerelac 0-6 months 0.006 -0.005 -0.006 0.004
(1.14) (-1.26) (-1.79) (1.08)

Price Cerelac 6-12 months 0.004 -0.002 0.002 0.002
(0.84) (-0.66) (0.55) (0.53)

Price Cerelac 12-18 months 0.007 -0.002 0.005 -0.005
(1.69) (-0.67) (2.02) (-1.92)

Price Cerelac 18-24 months -0.001 0.002 -0.003 0.007
(-0.22) (0.66) (-1.09) (3.14)

Mother's height 0.055 0.026 0.024 0.010
(5.32) (3.19) (3.41) (1.47)

Mother's arm circumference -0.036 0.020 0.008 0.003
(-1.70) (1.20) (0.59) (0.19)

R2 0.094 0.072 0.129 0.139

Source: Authors' calculations.
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The Mystery of the Vanishing Benefits:
An Introduction to Impact Evaluation

Martin Ravallion

This article provides an introduction to the concepts and methods of impact evalua-
tion. The author provides an intuitive explanation in the context of a concrete applica-
tion. The article takes the form of a short story about a fictional character's on-the-job
training in evaluation. Ms. Speedy Analyst is an economist in the Ministry of Finance
in the fictional country of Labas. In the process of figuring out how to evaluate a hu-
man resource program targeted to the poor, Ms. Analyst learns the strengths and weak-
nesses of the main methods of ex post impact evaluation.

The setting for our story is the developing country of Labas. Twelve months ago,
its government introduced an antipoverty program in northwest Labas with
support from the World Bank. The program aims to provide cash transfers to
poor families with school-age children. To be eligible to receive the transfer,
households must have certain observable characteristics that suggest they are
poor; to continue receiving the transfer they must keep their children in school
until 18 years of age. The program is called PROSCOL.

The World Bank's country director for Labas has just asked the government
to assess PROSCOL'S impact on poverty to help determine whether the program
should be expanded to include the rest of the country or be dropped. The Min-
istry of Social Development (MSD) runs PROSCOL. However, the Bank asked if
the Ministry of Finance could do the evaluation, to help ensure independence
and help develop capacity for this type of evaluation in a central unit of the
government, close to where the budgetary allocations are made. The government
agreed to the Bank's request. The Minister of Finance has delegated the task to
Mr. Undersecretary, who has called in one of his brightest staff, Ms. Speedy
Analyst.

Four years ago, Ms. Analyst graduated from the Labas National University
with a master's degree in applied economics. She has worked in the Ministry of
Finance since then. Ms. Analyst has a reputation for combining common sense
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comments and discussions, the author is grateful to Judy Baker, Kene Ezemenari, Emanuela Galasso,
Paul Glewwe, Jyotsna Jalan, Emmanuel Jimenez, Aart Kraay, Robert Moffitt, Rinku Murgai, Pedro
Olinto, Berk Ozler, Laura Rawlings, Dominique van de Walle, Michael Woolcock, and the journal's
anonymous referees.

e 2001 The International Bank for Reconstruction and Development / THE WORLD BANK

115



116 THE WORLD BANK ECONOMIC REVIEW, VOL. I5, NO. I

with an ability to get the most out of imperfect data. Speedy also knows that she
is a bit rusty on the stuff she learned at the university.

Mr. Undersecretary gets straight to the point. "Speedy, the government is
spending a lot of money on this PROSCOL program, and the minister wants to
know whether the poor are benefiting from it, and how much. Could you please
make an assessment?"

Ms. Analyst thinks this sounds a bit too vague for her liking. What does he
mean by "benefiting?" Greater clarity on the program's objectives would be
helpful.

"I will try to do my best, Mr. Undersecretary. What, may I ask, are the objec-
tives of PROSCOL that we should judge it against?"

Mr. Undersecretary answers, "To reduce poverty in Labas, both now and in
the future."

Ms. Analyst tries to pin this down some more. "I see. The cash transfers aim
to reduce current poverty, and by insisting that transfer recipients keep their
children in school, the program aims to reduce future poverty." Her boss nods
as Ms. Analyst continues. "So I guess we need to know two things about the
program. First, are the cash transfers mainly going to low-income families? Sec-
ond, how much is the program increasing school enrollment rates?"

"That should do it, Speedy. Here is the file on the program that we got from
the Ministry of Social Development."

Thus begins Ms. Analyst's on-the-job training in how to assess the impact of
a social program. She makes notes along the way, which can be found in the
appendix.

THE MYSTERY UNFOLDS

Back in her office, Ms. Analyst finds that the file from the MSD includes some
useful descriptive material on PROSCOL. She learns that targeting is done on the
basis of various "poverty proxies," including the number of people in the house-
hold, the education of the household head, and various attributes of the dwell-
ing. PROSCOL pays a fixed amount per school-age child to all selected house-
holds on the condition that the children attend 85 percent of their school classes,
which has to be verified by a note from the school.

The file includes a report, "PROSCOL: Participants' Perspectives," commis-
sioned by the MSD and done by a local consultant. The report was based on
qualitative interviews with program administrators and focus groups of partici-
pants. Ms. Analyst cannot tell whether those interviewed are representative of
PROSCOL participants or how poor they are relative to those who were not picked
for the program and were not interviewed. The report says that the children went
to school, but Ms. Analyst wonders whether they might not have also gone to
school if there had been no program.

Ms. Analyst reflects to herself, "This report is a start, but it does not tell me
how poor PROSCOL participants are and what impact the program has on school-
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ing. I need hard data." Later she prepares a note on alternative data sources (see
the appendix).

There is a promising lead in the MSD file. Nine months ago, the Labas Bureau
of Statistics (LBs) carried out the first national household survey of Labas. It is
called the Living Standards Survey (LSS). The survey was done for a random
sample of 10,000 households, and it asked about household income by source,
employment, expenditures, health status, educational attainment, and demo-
graphic and other attributes of the family. There is a letter in the file from the
MSD to the LBs, dated a few months prior to the LSS, asking for a question to be
added on whether the sampled household had participated in PROSCOL. The
reply from LBS indicates that the listing of income sources in the survey schedule
will include a line item for money received from PROSCOL.

"Wow," says Ms. Analyst, and she heads off to LBS.

Ms. Analyst already knows a few things about the LSS, having used tabula-
tions from it produced by LBS. But she worries that she will not be able to do
a good evaluation of PROSCOL without access to the raw household-level data.
After a formal request from the minister (which Ms. Analyst wrote for him to
sign), the secretary of the LBs agrees to give her the complete microdata from
the LSS.

Ms. Analyst already knows how to use a statistics package called SAPS. After
a long and frustrating day figuring out how to use the raw LSS data, Ms. Analyst
starts the real work. She uses SAPS to make a cross-tabulation of the average
amount received from PROSCOL by deciles of households, where the deciles are
formed by ranking all households in the sample according to their income per
person. In calculating the latter, Ms. Analyst decides to subtract any monies
received from PROSCOL; this, she reckons, will be a good measure of income in
the absence of the program. She hopes to reveal who gained according to their
pre-intervention income.

The cross-tabulation suggests that the cash transfers under the program are
quite well targeted to the poor. By the official LBS poverty line, about 30 percent
of the population of northwest Labas are poor. From her table, she calculates
that the poorest 30 percent of the LSS sample receive 70 percent of the PROSCOL
transfers. This looks like good news for PROSCOL, Ms. Analyst reflects.

What about the impact on schooling? She makes another table, giving the
average school enrollment rates of various age groups for PROSCOL families
versus non-PRoSCOL families. This suggests almost no difference between them;
the average enrollment rate for children aged 6-18 years is about 80 percent
in both cases.

Ms. Analyst then calculates average years of schooling at each age and plots
the results separately for PROSCOL families and non-PROSCOL families. The two
figures are not identical, but they are very close.

"Was there really no impact on schooling, or have I done something wrong?"
she asks herself. The question is just the beginning of the story of how Ms. Ana-
lyst solves the mystery of the vanishing schooling benefits from PROSCOL.
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Ms. SPEEDY ANALYST VISITS MR. UNBIASED STATISTICA

Ms. Analyst decides to show her curious results to a couple of trusted colleagues.
First she visits Mr. Unbiased Statistica, a senior statistician at the LBS. Ms. Analyst
likes Mr. Statistica and feels comfortable asking him about statistical problems.

"Mr. Statistica, my calculations from the LSS suggest that PROSCOL children
are no more likely to be in school than non-PROSCOL children. Have I done some-
thing wrong?" she asks.

Mr. Statistica tells her bluntly, "Ms. Analyst, I think you may well have a
serious bias here. To know what impact PROSCOL has, you need to know what
would have happened without the program. The gain in schooling attributable
to the program is just the difference between the actual school attendance rate
for participating children and the rate for those same children if the program
had not existed.

"What you are doing, Ms. Analyst, is using non-PROSCOL families as the com-
parison group for inferring what the schooling would be of the PROSCOL par-
ticipants if the program had not existed. This assumes that the nonparticipants
correctly reveal, at least on average, schooling without the program. Some simple
algebra might help make this clear."

Mr. Statistica starts writing. "Let P, denote the PROSCOL participation of
the ith child. This can take two possible values, namely Pi = 1 when the child
participates in PROSCOL and Pi = 0 when she does not. When the ith child does
not participate, her level of schooling is SO,, which stands for child i's school-
ing S when P = 0. When the child does participate, her schooling is S1i. The
expected gain in schooling due to PROSCOL for a child that does in fact partici-
pate is

G = E(S], - Soi I P, = 1).

"This is the conditional mean impact, conditional on participating in the pro-
gram. In the evaluation literature, E(Sl - So I Pi = 1) is sometimes called the treat-
ment effect or the average treatment effect on the treated."

Ms. Analyst thinks to herself that the government would not like to call
PROSCOL a "treatment." But she is elated by Mr. Statistica's equation. "Yes, Mr.
Statistica, that is exactly what I want to know."

"Ah, but that is not what you have calculated, Ms. Analyst. You have not
calculated G, but rather the difference in mean schooling between children in
PROSCOL families and those in non-PROSCOL families. This is the sample esti-

mate of

D = E(S1, I Pj= 1) - E(Soi I Pj= 0).

"There is a simple identity linking D and G, namely,

D = G + B.

"This term B is the bias in your estimate, and it is given by
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B = E(So, I Pi = 1) - E(So, I Pi = 0).

"In other words, the bias is the expected difference in schooling without
PROSCOL between children who did in fact participate in the program and those
who did not. You could correct for this bias if you knew E(Soj I Pi= 1). But you
can't even get a sample estimate of that. You can't observe what the schooling
would have been of children who actually participated in PROSCOL had they not
participated; that is missing data-it is a counterfactual mean."

Ms. Analyst sees that Mr. Statistica has a legitimate concern. In the absence
of the program, PROSCOL parents may well send their children to school less than
other parents do. If so, there will be a bias in her calculation. What the Finance
minister needs to know is the extra schooling due to PROSCOL. Presumably this
only affects those families who actually participate. So the minister needs to know
how much less schooling could be expected without the program. If there is no
bias, then the extra schooling under the program is the difference in mean school-
ing between those who participated and those who did not. So the bias arises if
there is a difference in mean schooling between PROSCOL and non-PROSCOL fami-
lies in the absence of the program.

"What can be done to get rid of this bias, Mr. Statistica?"
"Well, in theory at least, the best way is to assign the program randomly. Then

participants and nonparticipants will have the same expected schooling in the
absence of the program, that is, E(Soj I Pi = 1) = E(Soj I Pi = 0). The schooling of
nonparticipating families will then correctly reveal the counterfactual, that is,
the schooling that we would have observed for participants had they not had
access to the program. Indeed, random assignment will equate the whole distri-
bution between participants and nonparticipants, not just the means. There will
still be a bias due to sampling error, but for large enough samples you can safely
assume that any statistically significant difference in the distribution of school-
ing between participants and nonparticipants is due to the program."

"Why did you say 'in theory at least?"'
"Well, no method is perfect. Randomization can be fraught with problems in

practice. Political feasibility is often a problem. Even when selection is random-
ized, there can still be selective nonparticipation. There is a book by Manski and
Garfinkel [1992] that I have somewhere that includes some interesting papers
on the potential problems; I will lend you my copy. But the key point is to rec-
ognize the ways in which program placement is not in fact random."

On recalling what she read in the PROSCOL file, Ms. Analyst realizes that she
need look no further than the design of the program to see that participation is
not random. Indeed, it would be a serious criticism of PROSCOL to find that it
was. The very fact of its purposive targeting to poor families, who are presum-
ably less likely to send their children to school, would create bias.

Ms. Analyst tells Mr. Statistica about the program's purposive placement.
"So, Ms. Analyst, if PROSCOL is working well, then you should expect par-

ticipants to have worse schooling in the absence of the program. Then
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E(SO, I Pi = 1) < E(So, I P, = 0)

and your calculation will underestimate the gain from the program. You may
find little or no benefit even though the program is actually working well."

Ms. Analyst returns to her office, despondent. She sees now that the magni-
tude of the bias that Mr. Statistica is worried about could be huge. Her reason-
ing is as follows. Suppose that poor families send their children to work rather
than school; because they are poor and cannot borrow easily, they need the extra
cash now. Nonpoor families send their children to school. The program selects
poor families, who then send their children to school. One observes negligible
difference in mean schooling between PROSCOL families and non-PROSCOL fami-
lies; indeed, E(SI, I Pi = 1) = E(SO, I Pi = 0). But the impact of the program is posi-
tive and is given by E(S1I I Pi = 1) - E(Soi I Pi = 1), which equals E(SO, I P, = 0) -
E(Soj I Pi = 1) in this case. The failure to take account of the program's purposive,
pro-poor targeting could well have led to a very substantial underestimation of
PROSCOL's benefits in Ms. Analyst's comparison of mean schooling between
PROSCOL families and non-PROSCOL families.

A VISIT TO Ms. TANGENTIAIL ECONOMISTE

Next Ms. Analyst visits a colleague at the Ministry of Finance, Ms. Tangential
Economiste. Ms. Economiste specializes in public finance. She has a reputation
as a sharp economist, although sometimes she is a little brutal in her comments
on her colleagues' work.

Ms. Analyst first shows her the cross-tabulation of amounts received from
PROSCOL against income. Ms. Economiste immediately brings up a concern,
which she chastises Ms. Analyst for ignoring. "You have clearly overestimated
the gains to the poor from PROSCOL because you have ignored forgone income,
Speedy. Children have to go to school if the family is to get the PROSCOL trans-
fer. So they will not be able to work, either in the family business or in the labor
market. Children aged 15 to 18 can earn two-thirds or more of the adult wage
in agriculture and construction, for example. PROSCOL families will lose this
income from their children's work. You should take account of this forgone
income when you calculate the net income gains from the program. And you
should subtract this net income gain, not the gross transfer, to work out pre-
intervention income. Only then will you know how poor the family would have
been in the absence of the PROSCOL transfer. I reckon this table might greatly
overstate the program's gains to the poor."

"But why should I factor out the forgone income from child labor? Less child
labor is surely a good thing," Ms. Analyst says in defense.

"You should certainly look at the gains from reducing child labor, of which
the main gain is no doubt the extra schooling, and hence higher future incomes
of currently poor families. I see your next table is about that. As I see it, you are
concerned with the two main ways PROSCOL reduces poverty: One is by increas-
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ing the current income of the poor, and the other is by increasing their future
income. The impact on child labor matters to both, but in opposite directions.
So PROSCOL faces a tradeoff."

Ms. Analyst realizes that this is another reason why she needs to get a good
estimate of the impact on schooling; only then will she be able to determine the
forgone income that Ms. Economiste is worried about. Maybe the extra time at
school comes out of nonwork time.

Next, Ms. Analyst tells Ms. Economiste about Mr. Statistica's concerns about
her second table.

"I think your main problem here is that you have not allowed for all the other
determinants of schooling besides participation in PROSCOL. You should run a
regression of years of schooling on a set of control variables as well as whether
the child's family was covered by PROSCOL. Why not try this regression?" Ms.
Economiste writes, "For the ith child in your sample, let

S, = a + bP, + cXi + -e.

Here a, b, and c are parameters; X stands for the control variables, such as age of
the child, mother's and father's education, the size and demographic composition
of the household and school characteristics; and £ is a residual that includes other
determinants of schooling and measurement errors. If the family of the ith child
participates in PROSCOL (P = 1), then its schooling will be a + b + cXi + ei. If it does
not participate, then its schooling will be a + cX, + £. The difference between the
two is the gain in schooling due to the program, which is just b."

This discussion puts Ms. Analyst in a more hopeful mood, as she returns to her
office to try out Ms. Economiste's equation. Ms. Analyst runs the REGRESS com-
mand in SAPS on the regression with and without the control variables Ms.
Economiste suggested. When she runs it without them, she finds that the estimated
value of b is not significantly different from zero (using the standard t-test given by
SAPS). This looks suspiciously like the result she first got, taking the difference in
means between participants and nonparticipants-suggesting that PROSCOL is not
having any impact on schooling. However, when she puts in the control variables
suggested by Ms. Economiste, she immediately sees a positive and significant coef-
ficient on PROSCOL participation. She calculates that by the time a participant reaches
18 years of age, the program has added 2 years to schooling.

Ms. Analyst thinks that this is starting to look more convincing. But she feels
a little unsure about what she is doing. "Why do these control variables make
such a difference? And have I used the right controls? I need more help if I am
going to figure out what exactly is going on here, and whether I should believe
this regression."

PROFESSOR CHISQUARE HELPS INTERPRET Ms. ANALYST's RESULTS

Ms. Analyst decides to visit Professor Chisquare, who was one of her teachers at
Labas National University. Professor Chisquare is a funny little man, who wears
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old-fashioned suits and ties that don't match too often. "It is just not normal to
be so square," Ms. Analyst recalls thinking during his classes in econometrics.
She also recalls her dread at asking Professor Chisquare anything because his
answers were sometimes very hard to understand. "But he knows more about
regressions than anyone else I know," she reflects.

Ms. Analyst arranges a meeting. Having heard on the phone what her prob-
lem is, Professor Chisquare greets his former student with a long list of papers
to read, mostly with impenetrable titles and published in obscure places. (His
reading list is included in the references section herein.)

"Thanks very much, Professor, but I don't think I will have time to read all
this before my report is due. Can I tell you my problem and get your reactions
now? "

Professor Chisquare agrees. Ms. Analyst shows him Ms. Economiste's equa-
tions and the estimated regressions, thinking that he will be pleased that his former
student has been running regressions. He asks her a few questions about what
she has done and then rests back in his chair, ready, it seems, to pronounce judg-
ment on her efforts so far.

"One concern I have with your regression of schooling on P and X is that it
does not allow the impact of the program to vary with X; the impact is the same
for everyone, which does not seem very likely."

"Yes, I wondered about that," chips in Ms. Analyst. "Parents with more
schooling would be more likely to send their children to school, but this effect
may well be more pronounced among the poor, so that the impact of PROSCOL

will be higher among more educated families."
"Quite possibly, Ms. Analyst. To allow the gains to vary with X, let mean

schooling of nonparticipants be ao + coX1, while that of participants is a, + clXi,
so the observed level of schooling is

S, = (a, + c1Xi + £1i)P, + (ao + c0Xi + co,)(1 - P,)

where e and el are random errors, each with a mean of zero and uncorrelated
with X. To estimate this model, all you have to do is add an extra term for the
interaction effects between program participation and observed characteristics
to the regression you have already run. So the augmented regression is

S, = ao + (a, - ao)Pi + coX, + (cl - co)P,X, + £i

where ei = e1iP, + -oi (1 - Pi). Then

(a, -aO) + (cl - co)Xi + E(cl; -£X I P,, Xi)

is the mean program impact at any given value of X. Notice that you have some-
thing you don't know here, E(e1 j - 5 o0 I Pi, X,), which captures any differences in
the unobserved variables that influence the schooling of participants, with and
without the program. Under the assumption that the unobserved factors are the
same on average among participants with and without the program (which is
what Ms. Economiste implicitly assumed), you can get an estimate of mean im-
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pact just by plugging the same mean X into this formula. If cl = co, then you get
your previous specification in which b=a1 - ao is the mean impact.

"A second concern, Ms. Analyst, is in how you have estimated your regression:

Si = a + bP, + cX, + -,.

The REGRESS command in SAPS is just ordinary least squares (OLS). You should
recall from when you did my econometrics class that OLS estimates of the
parameters will be biased even in large samples unless the right-hand-side vari-
ables are exogenous. Here this means that the right-hand-side variables must
be determined independently of schooling choices so they are uncorrelated with
the error term £ in your regression. In other words, you require that E(Ei I P,, X,)
= 0. Is PROSCOL participation exogenous, Ms. Analyst?"

Ms. Analyst thinks quickly, recalling her conversation with Mr. Statistica. "No.
Participation was purposively targeted. How does that affect my calculation of
the program's impact?"

"Consider your original equation for years of schooling

Si = a + bPi + cX, +e.

You used a + b + cX, + £, as your estimate of the ith household's schooling when
it participates in PROSCOL, while you used a + cXi + E£ to estimate schooling if it
does not participate. Thus the difference, b, is the gain from the program. How-
ever, in making this calculation you implicitly assumed that £j was the same ei-
ther way. In other words, you assumed that £ was independent of P."

Ms. Analyst now sees that the bias due to nonrandom program placement
that Mr. Unbiased Statistica was worried about might also be messing up her
estimate based on the regression model suggested by Ms. Tangential Economiste.
"Does that mean that my results are way off the mark?"

"Not necessarily," Professor Chisquare replies, as he goes to his white board.
"Let's write down an explicit equation for P, as, say

Pi = d + eZi + v,

where Z is a bunch of variables that includes all the observed 'poverty proxies'
used for PROSCOL targeting. Of course there will also be some purely random
error term that influences participation; these are poverty proxies that are not in
your data, and there will also have been 'mistakes' in selecting participants that
also end up in this v term. Notice, too, that this equation is linear, yet P can only
take two possible values, zero or one. Predicted values between zero and one are
okay, but a linear model cannot rule out the possibility of negative predicted
values or values greater than one. There are nonlinear models that can deal with
this problem, but to simplify the discussion I will confine attention for now to
linear models.

"Now, there is a special case in which your OLS regression of S on P and X
will give you an unbiased estimate of b. That is when X includes all the variables
in Z that also influence schooling, and the error term v is uncorrelated with the
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error term e in your regression for schooling. This is sometimes called 'selection
on observables' in the evaluation literature."

"Why does that eliminate the bias?" asks Ms. Analyst.
"Well, think about it. Suppose that the control variables X in your regression

for schooling include all the observed variables Z that influence participation P,
and v is uncorrelated with £ (so that the unobserved variables affecting program
placement do not influence schooling conditional on X). Then you have elimi-
nated any possibility of P being correlated with E. It will now be exogenous in
your regression for schooling.

"To put it another way, Ms. Analyst, the key idea of selection on observables
is that there is some observable X such that the bias vanishes conditional on X."

"Why did it make such a difference when I added the control variables to my
regression of schooling on PROSCOL participation?"

"Because your X must include variables that were among the poverty proxies
used for targeting, or were correlated with them, and they are variables that also
influenced schooling."

Ms. ANALYST LEARNS ABOUT BETTER METHODS

OF FORMING A COMPARISON GROUP

Next, Ms. Analyst tells Professor Chisquare about her first attempt at estimat-
ing the benefits. "How might I form a better comparison group?"

"You want to compare schooling levels conditional on observed characteris-
tics. Imagine that you find a sample of non-PROSCOL families with the same val-
ues of X as the PROSCOL families. If schooling is independent of participation,
given X, then this comparison group will give an unbiased estimate of PROSCOL's

impact. This is sometimes called 'conditional independence,' and it is the key
assumption made by all comparison-group methods."

Ms. Analyst tries to summarize. "So a better way to select my comparison
group, given the data I have, is to use as a control for each participant a nonpar-
ticipant with the same observed characteristics. But that would surely be very
hard, Professor, because I could have a lot of those variables. There may be
nobody among the nonparticipants with exactly the same values of all the ob-
served characteristics for any one of the PROSCOL participants."

"Ah," says Professor Chisquare, "some clever statisticians have figured out
how you can simplify the problem greatly. Instead of aiming to ensure that the
matched control for each participant has exactly the same value of X, you can
get the same result by matching on the probability of participating, given X. You
should read the papers by Rosenbaum and Rubin (1983) on the list I prepared
for you. Their paper shows that if (in your case) schooling without PROSCOL is
independent of participation given X, then it is also independent of participa-
tion given the probability of participation given X. Because this probability is
just one number, it is far easier to control for it than X, which could be many
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variables, as you say. You can estimate the probability using the predicted value

of P given X from a regression. This is called the 'propensity score."'
"Let me see if I understand you, Professor. I first regress P on X to get the

predicted value of P for each possible value of X, which I then estimate for my

whole sample. For each participant, I then find the nonparticipant with the clos-

est value of this predicted probability. The difference in schooling is then the

estimated gain from the program for that participant."
"That's right, Ms. Analyst. You can then take the mean of all those differ-

ences to estimate the impact. Or you can take the mean for different income

groups, say. But you have to be careful with how you estimate the model of

participation. A linear model for that purpose could give you crazy predicted

probabilities, greater than one or negative. It is better to use the LOGIT com-

mand in SAPS. This assumes that the error term v in the participation equation

has a logistic distribution and estimates the parameters consistent with that as-

sumption by maximum likelihood methods. You remember my class on maxi-

mum likelihood estimation of binary response models, don't you?"

"Yes, I do," says Ms. Analyst, as convincingly as she can.

"Another issue you should be aware of, Ms. Analyst, is that some of the non-

participants may be excluded as potential matches right from the start. There

will, of course, be some nonparticipants who are ineligible according to the of-

ficial eligibility rules, although they may nonetheless participate, so be very careful

about choosing a comparison group that way. However, some families will have

observable characteristics that make participation very unlikely. Indeed, you

might find that some of the nonparticipant sample has a lower propensity score

than any of those in the treatment sample. This is a case of what is sometimes

called 'lack of common support.' There are recent results in the literature indi-

cating that failure to compare participants and controls at common values of

matching variables is a major source of bias in evaluations. See the paper by

Heckman and others (1998) on my reading list. In forming your comparison

group, you should eliminate those observations from the set of nonparticipants

to assure that you are only comparing gains over the same range of propensity

scores. You should certainly exclude those nonparticipants for whom the prob-

ability of participating is zero. It is probably also a good idea to trim a little, say,

2 percent, of the sample from the top and bottom of the nonparticipant distri-

bution in terms of the propensity scores. Once you have identified participants

and nonparticipants over a common matching region, I recommend you take an

average of, say, the five or so nearest neighbors in terms of the absolute differ-

ence in propensity scores."
"What should I include in X?" Ms. Analyst asks.

"Well, clearly you should include all the variables in your data set that are or

could proxy for the exogenous poverty indicators that were used by the MSD in

selecting PROSCOL participants. So again X should include the variables in Z.

Notice also that you don't want any X's that were affected by the program. You
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might focus solely on variables that were measured prior to joining the program
or are unlikely to have changed. But that is not always clear; some characteristic
might have changed in anticipation of becoming eligible for the program. Also
note that, in principle, a different X will yield a different estimate of impact. You
should check robustness."

Ms. Analyst prepares a note summarizing the steps she needs to follow in doing
propensity score matching.

TROUBLESOME AND NOT So TROUBLESOME UNOBSERVABLES

"I now have a much better idea of how to form the comparison group, Profes-
sor Chisquare. This should give me a much better estimate of the program's
impact.

"Ah, there is no guarantee of that. All these methods I have described to you
so far will only eliminate the bias if there is conditional independence, such that
the unobservable determinants of schooling-not included in your set of con-
trol variables X-are uncorrelated with program placement after conditioning
on X. There are two distinct sources of bias, that due to differences in observables,
as we have discussed, and that due to differences in unobservables; the latter is
often called 'selection bias."' (See Ms. Analyst's notes in the appendix.)

Professor Chisquare points to his last equation. "Clearly conditional indepen-
dence will hold if P is exogenous, for then E(ei I Xi, Pi) = 0. However, endog-
enous program placement due to purposive targeting based on unobservables
will leave a bias. This is sometimes called 'selection on unobservables."'

Ms. Analyst interjects. "So, really, the conditions required for justifying the
method suggested by Ms. Economiste are no more restrictive than those needed
to justify a version of my first method based on comparing PROSCOL families
with non-PROSCOL families with similar values of X, or at least a similar pro-
pensity score of X. Both rest on believing that these unobservables are not jointly
influencing schooling and program participation, conditional on X."

"That is not quite right, Ms. Analyst. The regression method of Ms. Econo-
miste makes stronger assumptions about how schooling is determined, in the
form of a parametric regression equation. Propensity score matching is a better
method of dealing with the differences in observables. Notice, however, that
matching does not necessarily reduce the bias. Matching eliminates part of the
bias in your first naive estimate of PROSCOL'S impact. That leaves the bias due to
any troublesome unobservables. These two sources of bias could be offsetting,
one positive and the other negative. Heckman and others (1998) make this point.
So the matching estimate could well have more bias than the naive estimate. One
of the few tests that have been done suggest that with good data propensity score
matching can greatly reduce the overall bias and outperforms regression-based
methods. See the paper by Dehejia and Wahba (1999), who assess matching
against a randomized experiment on a U.S. training program. However, more
tests of this sort are needed."
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Ms. ANALYST REGRETS THAT A BASELINE SURVEY WAS NOT DONE

Ms. Analyst is starting to feel more than a little desperate. "Is there any method
besides randomization that is robust to these troublesome unobservables?" she

asks the professor.
"There is something you can do if you have 'baseline data' for both the par-

ticipants and nonparticipants, collected before PROSCOL started. The idea is that
you collect data on outcomes and their determinants both before and after the
program is introduced, and you collect that data for an untreated comparison
group as well as the treatment group. Then you can just subtract the difference
between the schooling of participants and the comparison group before the pro-
gram is introduced from the difference after the program. This is called the 'double
difference' estimate, or just 'double diff' by people who like to abbreviate things.
This will deal with the troublesome unobserved variables provided they do not
vary over time."

Professor Chisquare turns to his white board again, pointing to one of his
earlier equations. "To see how this works, let's add time subscripts, so school-
ing after the program is introduced is

SEA = a + bPi + CXiA + EiA-

Before the program, in the baseline survey, school attainment is instead

SiB = a + CXiB + EiB-

(Of course P = 0 before the program is introduced.) The error terms include an
additive time invariant effect, so we can write them as

it = i+ tit (for t = A, B)

where mi is the time invariant effect, which is allowed to be correlated with Pi,
and pit is an innovation error, which is not correlated with Pi (or X,).

"The essential idea here is to use the baseline data to deal with those trouble-

some unobservables. Notice that because the baseline survey is for the same

households as you have now, the ith household in the equation for SiA is the same

household as the ith in the equation for S,B. You can then take the difference

between the 'after' equation and the 'before' equation; you get

SiA-SiB = bPi + C(X,A - XiB) + J1iA - PM-

"So now you can regress the change in schooling on program participation

and the changes in X. OLS will give you an unbiased estimate of the program's

impact. The troublesome unobservables-the ones correlated with program

participation-have been swept away."
Ms. Analyst reflects: "If the program placement was based only on variables-

both observed and unobserved-that were known at the time of the baseline

survey, then it would be reasonable to assume that the l's do not change be-

tween the two surveys."
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Professor Chisquare nods. "Yes, as long as the troublesome unobservables are
time invariant, the changes in schooling over time for the comparison group will
reveal what would have happened to the treatment group without the program."

Ms. Analyst thinks to herself that this means one needs to know the program
well and be able to time the evaluation surveys so as to coordinate with the pro-
gram. Otherwise there are bound to be unobserved changes after the baseline
survey that influence who gets the program. This would create T's that change
between the two surveys.

Something about Professor Chisquare's last equation is worrying her. "As I
understand it, professor, this last equation means that the child and household
characteristics in X are irrelevant to the change in schooling if those character-
istics do not change over time. But the gain in schooling may depend on parents'
education (and not just any change in their education) and possibly on where
the household lives, as this will determine the access to schools."

"Yes, Ms. Analyst, there can be situations in which the changes over time in
the outcome indicator are influenced by the initial conditions. Then one will also
want to control for differences in initial conditions. You can do this simply by
adding XA and XB in the regression separately, so that the regression takes the
form

SiA - SiB = bPi + CaXiA + CbXAB + liA - 9B.

So even if some (or all) variables in X do not vary over time, one can still allow
X to affect the changes over time in schooling.

"The propensity score matching method that I told you about can help en-
sure that the comparison group is similar to the treatment group before you do
the double difference. In an interesting study of an American employment pro-
gram, it was found that failure to ensure that comparisons were made in a re-
gion of common support was a major source of bias in the double difference
estimate when compared with a randomized control group. Within the region
of common support, however, the bias conditional on X did not vary much over
time. So taking the double difference makes sense, after the matching is done.
See the paper by Heckman and others (1998) on my reading list."

Ms. Analyst has had some experience doing surveys and is worried about this
idea of following up households. "When doing the follow-up survey, it must not
be easy to find all those households that were originally included in the baseline
survey. Some people in the baseline survey may not want to be interviewed again,
or they may have moved to an unknown location. Is that a problem?"

"If the dropouts are purely random, then the follow-up survey will still be
representative of the same population in the baseline survey. However, if there
is some systematic tendency for people with certain characteristics to drop out
of the sample, then there will be a problem. This is called 'attrition bias.' For
example, PROSCOL might help some poor families move into better housing. And
even when participant selection was solely based on information available at or
around the baseline date (the time-invariant effect ii), selected participants may
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well drop out voluntarily on the basis of changes after that date. Such attrition
from the treatment group will clearly bias a double difference estimate of the
program's impact."

Later Ms. Analyst writes up some notes about forming a double difference
estimate (see the appendix).

PROFESSOR CHISQUARE REMINDS Ms. ANALYST

ABOUT INSTRUMENTAL VARIABLES

"Double difference is neat, Professor Chisquare. But I don't have a baseline sur-
vey of the same households. I don't think anyone thought PROSCOL would have
to be evaluated when they started the program. Is there anything else I can do to
get an estimate that is robust to the troublesome unobservables?"

"What you then need is an instrumental variable (Iv)" he tells her. "You surely
recall from my classes that this is the classic solution for the problem of an en-
dogenous regressor."

"Can you just remind me, Professor Chisquare?"
"An instrumental variable is really just some observable source of exogenous

variation in program participation. In other words, it is correlated with P but is
not already in the regression for schooling, and is not correlated with the error
term £ in the schooling equation. So you must have at least one variable in Z
that is not in X and is not correlated with E. Then the instrumental variables
estimate of the program's impact is obtained by replacing P by its predicted value
conditional on Z. Because this predicted value depends solely on Z (which is

exogenous) and Z is uncorrelated with c, it is now reasonable to apply ordinary

least squares to this new regression."
"I see," says Ms. Analyst. "Because the predicted values depend only on the

exogenous variation due to the instrumental variable and the other exogenous

variables, the unobservables are no longer troublesome, as they will be uncor-

related with the error term in the schooling regression."

"You've got it, Ms. Analyst. That also suggests another way you can deal with

the problem. Remember that the source of bias in your estimate of the program's

impact was the correlation between the error term in the schooling equation and

that in the participation equation. This is what creates the correlation between

participation and the error term in the schooling equation. So a natural way to

get rid of the problem when you have an instrumental variable is to add the re-

siduals from the first-stage equation for participation to the equation for school-

ing. You still leave actual participation in the schooling regression. But since you

have now added to the schooling regression the estimated value of the error term

from the participation equation, you can treat participation as exogenous and

run OLS. Of course, this only works if you have a valid instrument. If you don't,

the regression will not estimate, because the participation residual will be per-

fectly predictable from actual participation and X in a linear model. Unobserved

heterogeneity across people in the program's impact can also create a problem
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for the iv estimator of the average gains among participants; the paper by
Heckman (1997) talks about this.

"An iv can also help if you think there is appreciable measurement error in
your program participation data. This is another possible source of bias. Mea-
surement error means that you think that program participation varies more than
it actually does. If the measurement error is random-here meaning that it has
zero mean and is not correlated with observed or unobserved determinants of
schooling-then your estimate of the program's impact will be biased toward
zero, and the larger the variance of the measurement error, the greater the bias."

"Yes, you called that 'attenuation bias' in your class, as I recall, because this
bias attenuates the estimated regression coefficient, pushing it toward zero."

"However, if you had a dependent variable that could only take two possible
values, at school or not at school, say, then you should use a nonlinear binary
response model, such as logit or probit. The principle of testing for exogeneity
of program participation is similar in this case. There is a paper by Rivers and
Vuong (1988) that discusses the problem for such models; Blundell and Smith
(1993) provide a useful overview of various nonlinear models in which there is
an endogenous regressor. I have written a program that can do a probit with an
endogenous regressor, and I can give you a copy."

"Thanks. I guess I will cross that bridge when I get to it. But what should I
use as an instrument?" asks Ms. Analyst.

"Ah, that you will have to figure out yourself, Ms. Analyst."

Ms. ANALYST RETURNS TO HER COMPUTER

Ms. Analyst is starting to wonder whether this will ever end. "I'm learning a lot,
but what am I going to tell my boss?"

She tries to think of an instrumental variable. But every possibility she can
think of could just as well be put in with the variables in X. She now remembers
Professor Chisquare's class; her problem is finding a valid "exclusion restriction"
that justifies putting some variable in the equation for participation but not in
the equation for schooling.

Ms. Analyst decides to try the "propensity score matching method" suggested
by Professor Chisquare. Her logit model of participation looks quite sensible and
suggests that PROSCOL is well targeted. (Virtually all of the variables that she
would expect to be associated with poverty have positive and significant coeffi-
cients.) This is interesting in its own right. She then does the propensity score
matching just as Professor Chisquare has advised her. On comparing the mean
school enrollment rates, Ms. Analyst finds that children of the matched com-
parison group had an enrollment rate of 60 percent, compared with the figure
of 80 percent for PROSCOL families.

She now thinks back on the comments that Ms. Economiste made about for-
gone income. Ms. Analyst finds that the LBs did a special survey of child labor
that asked about earnings. (There is an official ban on children working before
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they are 16 years of age in Labas, but the government has a hard time enforcing
it; nonetheless, child wages are a sensitive issue.) From this she can figure out
the earnings a child would have had if he or she had not gone to school.

Ms. Analyst can now subtract from PROSCOL'S cash payment to participants
the amount of forgone income, and so work out the net income transfer. Sub-
tracting this net transfer from total income, she can work out where the PROSCOL

participants come from in the distribution of pre-intervention income. They are
not quite as poor as she had first thought (ignoring forgone income), but they
are still poor; for example, two-thirds of them are below the official poverty line
of Labas.

Having calculated the net income gain to all participants, Ms. Analyst can
now calculate the poverty rate with and without PROSCOL. The "post-interven-
tion" poverty rate (with the program) is just the proportion of the population
living in households with an income per person below the poverty line, where

income" is the observed income (including the gross transfer receipts from
PROSCOL). This she calculates directly from the LSS. By subtracting the net in-
come gain (cash transfer from PROSCOL minus forgone income from children's
work) attributed to PROSCOL from all the observed income, she gets a new dis-
tribution of pre-intervention income. The poverty rate without the program is
then the proportion of people living in poor households, based on this new dis-
tribution. Ms. Analyst finds that the observed poverty rate in northwest Labas
of 32 percent would have been 36 percent if PROSCOL had not existed. The pro-
gram allows 4 percent of the population to escape poverty. The schooling gains
mean that there will also be both pecuniary and nonpecuniary gains to the poor
in the future.

Ms. Analyst also recognizes that there is some uncertainty about the LBS Pov-

erty line. So she repeats this calculation over a wide range of poverty lines. She
finds that at a poverty line for which 50 percent of the population are poor, based
on the observed post-intervention incomes, the proportion would have been 52
percent without PROSCOL. At a poverty line that 15 percent fail to reach with
the program would have been 19 percent without it. By repeating these calcula-
tions over the range of incomes, Ms. Analyst realizes that she has traced out the
entire "poverty incidence curves" with and without the program, which are what
statisticians call the "cumulative distribution function."

Ms. Analyst makes an appointment with Mr. Undersecretary to present her
assessment of PROSCOL.

A CHANCE ENCOUNTER WITH MS. SENSIBLE SOCIOLOGIST

The day before she is due to present her results to her boss, Ms. Analyst acciden-
tally bumps into her old friend Ms. Sensible Sociologist, who now works for one
of Labas's largest nongovernmental organizations, the Social Capital for Em-
powerment Foundation (SCEF). Ms. Analyst tells Ms. Sociologist all the details
about what she has been doing on PROSCOL.
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Ms. Sociologist's eyes start to roll when Ms. Analyst talks about "unbiased
estimates" and "propensity scores." "I am no expert on that stuff, Speedy. But
I do know a few things about PROSCOL. I have visited some of the schools in
northwest Labas where there are a lot of PROSCOL children, and I meet PROSCOL

families all the time in my work for SCEF. I can tell you they are not all poor, but
most are. PROSCOL helps.

"However, this story about 'forgone income' that Tangential came up with, I
am not so sure about that. Economists have strange ideas sometimes. I have seen
plenty of children from poor families who work as well as go to school. Some of
the younger ones who are not at school don't seem to be working. Maybe Tan-
gential is right in theory, but I don't know how important it is in reality."

"You may be right, Sense. What I need to do is check whether there is any
difference in the amount of child labor done by PROSCOL children versus a
matched comparison group," says Ms. Analyst. "The trouble is that the LSS did
not ask about child labor. That is in another LBS survey. I think what I will do is
present the results with and without the deduction for forgone income."

"That might be wise," says Ms. Sociologist. "Another thing I have noticed,
Speedy, is that for a poor family to get on PROSCOL, it matters a lot which school
board area (SBA) the family lives in. All SBAS get a PROSCOL allocation from the
center, even SBAS that have very few poor families. If you are poor but living in
a well-to-do SBA, you are more likely to get help from PROSCOL than if you live
in a poor SBA. The authorities like to let all areas participate for political rea-
sons. As a result, it is relative poverty-relative to others in the area where you
live-that matters much more than your absolute level of living."

"No, I did not know that," replies Ms. Analyst, a little embarrassed that she
had not thought of talking to Ms. Sociologist earlier, since this could be impor-
tant.

"That gives me an idea, Sense. I know which school board area each house-
hold belongs to in the LBS survey, and I know how much the center has allo-
cated to each SBA. Given what you have told me, that allocation would influ-
ence participation in PROSCOL, but one would not expect it to matter for school
attendance, which would depend more on one's absolute level of living, family
circumstances, and I guess characteristics of the school. So the PROSCOL budget
allocation across SBAS can be used as instrumental variables to remove the bias
in my estimates of program impact. "

Ms. Sociologist's eyes roll again, as Ms. Analyst says farewell and races back
to her office. She first looks into the original file she was given, to see what rules
are used by the center in allocating PROSCOL funds across SBAS. A memo from
the ministry indicates that allocations are based on the number of school-age
children, with an "adjustment factor" for how poor the SBA is thought to be.
However, the rule is somewhat vague.

Ms. Analyst reruns her regression for schooling. But now she replaces the actual
PROSCOL participation by its predicted value (the propensity score) from the re-
gression for participation, which now includes the budget allocation to the SBA.
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However, she is worried about the possibility that the allocation of the PROSCOL

budget might be correlated with omitted determinants of schooling in her model,
notably characteristics of the school. Although school characteristics do not
appear to matter officially to how PROSCOL resources are allocated, she worries
that unofficially they may matter.

"Any omitted school characteristics that jointly influence PROSCOL allocations
by SBA and individual schooling outcomes will leave a bias in my iv estimates,"
Ms. Analyst says to herself. She realizes that her only protection against that
problem with the data she has is to add as many school characteristics as pos-
sible to her regression for attendance. But she also realizes that she can never
rule out the possibility of bias. She is still making a conditional independence
assumption. An influential school principal, for example, might simultaneously
attract PROSCOL and achieve better outcomes for the students in other ways. She
cannot measure the political clout of the principal. But with plenty of geographic
control variables, Ms. Analyst thinks that this method should at least offer a
credible alternative for comparison with her matching estimate.

Soon she has the results. Consistent with Ms. Sociologist's observations, the
budget allocation to the SBA has a significant positive coefficient in the logit re-
gression for PROSCOL participation. Now (predicted) PROSCOL participation is
significant in a regression for school enrollment, in which she includes all the
same variables from the logit regression, except the SBA budget allocation. The
coefficient implies that the enrollment rate is 15 percentage points higher for
PROSCOL participants than would have otherwise been the case. She also runs
regressions for years of schooling and for boys and girls separately. For either
boys or girls 18 years of age, her results indicate that they would have dropped
out of school almost 2 years earlier if it had not been for PROSCOL.

Ms. Analyst wonders what Professor Chisquare will think of this. She is sure
he will find something questionable about her methods. "I wonder if I am using
the right standard errors? And should I be using linear models?" Ms. Analyst
decides she will order a new software program, FEM (Fancy Econometric Meth-
ods), that she has heard about. But that will have to wait. For now, Ms. Analyst
is happy that her results are not very different from those she got using the pro-
pensity score matching method. She is reassured somewhat by Ms. Sociologist's
comments based on her observations in the field. Ms. Analyst figures, "They can't
all be wrong."

Ms. ANALYST REPORTS BACK TO HER Boss

Ms. Analyst writes up her results and gives the report to Mr. Undersecretary.
He seems quite satisfied. "So PROSCOL is doing quite well." Mr. Undersecretary
arranges a meeting with the minister, and he asks Ms. Analyst to attend. The
minister is interested in Ms. Analyst's results and asks some questions about how
she figured out the benefits from PROSCOL. He seems to appreciate her efforts to
ensure that the comparison group is similar to the PROSCOL families.
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"I think we should expand PROSCOL to include the rest of Labas," the minis-
ter concludes. "We will not be able to do it all in one go, but over about two
years I think we could cover the whole country. I want you to keep monitoring
the program, Ms. Analyst."

"I would like to do that. However, I have learned a few things about these
evaluations. I would recommend that you randomly exclude some eligible
PROSCOL families in the rest of Labas. We could then do a follow-up survey of
both the actual participants and those randomly excluded from participating.
That would give us a more precise estimate of the benefits, and pointers for
improving the program."

The minister gets a dark look in his eyes, and Mr. Undersecretary starts shift-
ing in his seat uncomfortably. The minister then bursts out laughing. "You must
be joking, Ms. Analyst! I can just see the headlines in the Labas Herald: 'Gov-
ernment Randomly Denies PROSCOL to Families in Desperate Need.' Do you not
want me to get reelected?"

"I see your point, minister. But because you do not have enough money to
cover the whole country in one go, you are going to have to make choices about
who gets it first. Why not make that choice randomly among eligible partici-
pants? What could be fairer?"

The minister thinks it over. "What if we picked the schools or the SBAs ran-
domly in the first wave?"

Ms. Analyst thinks. "Yes, that would surely make the choice of school or SBA

a good instrumental variable for individual program placement," she says with
evident enthusiasm.

"Instrumental what?" asks the minister, and Mr. Undersecretary shifts in his
seat again. "Never mind. If that works for you, then I will try to see if I can do
it that way. The Ministry of Social Development will have to agree of course."

"If that does not work, Mr. Minister, could we do something else instead,
namely, a baseline survey of areas in which there are likely to be high concentra-
tions of PROSCOL participants before the program starts in the South? I would
like to do this at the same time as the next round of the national survey I used
for evaluating PROSCOL in northwest Labas. There are also a few questions I
would like to add to the survey, such as whether the children do any paid work."

"Yes, that sounds like a reasonable request, Ms. Analyst. I will also talk to
the secretary of Statistics."

EPILOGUE

It is three years later. Ms. Analyst is head of the new Social and Economic Evalu-
ation Unit, which reports directly to the minister of Finance. The unit is cur-
rently evaluating all of Labas's social programs on a regular basis. Ms. Analyst
has a permanent staff of three assistants. She regularly hires both Professor
Chisquare and Ms. Sociologist as consultants. They have a hard time talking to
each other. ("Boy, that Chisquare is just not normal," Ms. Sociologist confided
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to Ms. Analyst one day.) But Ms. Analyst finds it useful to have both of them
around. The qualitative field trips and interviews with stakeholders that Ms.
Sociologist favors help a lot in forming hypotheses to be tested and in assessing
the plausibility of key assumptions made in the quantitative analysis that Pro-
fessor Chisquare favors. Ms. Analyst reflects that the real problem with MSD'S

"Participants' Perspectives" report on PROSCOL was not what it did but what it
did not do; casual interviews can help in understanding how a program works

on the ground, but on their own they cannot deliver a credible assessment of
impact.

However, Ms. Analyst has also learned that rigorous impact evaluation is much
more difficult than she first thought, and one can sometimes obtain a worryingly
wide range of estimates, depending on the specifics of the methodology used.
Professor Chisquare's advice remains valuable in suggesting alternative meth-
ods in the frequent situations of less than ideal data and in pointing out the pit-
falls. Ms. Analyst has also learned to take an eclectic approach to data.

The Finance minister eventually convinced the minister of Social Development
to randomize the first tranche allocation of PROSCOL II across SBAS in the rest of
Labas, and this helped Ms. Analyst identify the program's impact. Her analysis
of the new question on child labor added to the LBS survey revealed that there
was some forgone income from PROSCOL, although not quite as much as she had
first thought.

Ms. Economiste made a further comment on Ms. Analyst's first report on
PROSCOL to the effect that Ms. Analyst could also measure the future income
gains from PROSCOL, using recent work by labor economists on the returns to
schooling in Labas. When she factored this into her calculations, PROSCOL was
found to have quite a reasonable economic rate of return, on top of the fact that
the benefits were reaching the poor. She found that this calculation was some-
what sensitive to the discount rate used for working out the present value of the
future income gains.

One big difference compared with her first PROSCOL evaluation is that Ms.
Analyst now spends a lot more time understanding how each program works
before doing any number crunching. She spreads the evaluation over a much
longer period, often including baseline and multiple follow-up surveys of the same
households.

However, not everything has gone smoothly. At first she had a lot of trouble
getting the relevant ministries to cooperate with her. It is often hard to get them
to define the objectives of each program she is evaluating. Ms. Analyst some-
times thinks that getting the relevant ministry to define the objectives of its pub-
lic spending is an important contribution in its own right. Eventually the minis-

tries realized that they can learn a lot from these evaluations and that they were

being taken seriously by the Finance minister.
Internal politics within the government is often a problem. Thankfully, the

data side is now working well. The minister had the good idea of making the

secretary of Statistics an adviser to the unit, and Mr. Statistica is his representa-
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tive. Ms. Analyst often commissions new surveys from LBS and advises them on
questionnaire design and sampling.

Ms. Analyst has also started giving advice to other countries and international
agencies (including the World Bank) embarking on impact evaluations of social
programs. She has also found that swapping notes with other program analysts
can be valuable. Ms. Analyst reckons there are policy mysteries galore in Labas
and elsewhere-and that the tools she has learned to use might well shed light
on them.

APPENDIX. Ms. SPEEDY ANALYST'S NOTEBOOK

Data for Impact Evaluation

. Know the program well. It is risky to embark on an evaluation without
knowing a lot about the administrative/institutional details of the program;
that information typically comes from the program administration.

. It helps a lot to have a firm grip on the relevant "stylized facts" about the
setting. The relevant facts might include the poverty map, the way the la-
bor market works, the major ethnic divisions, other relevant public pro-
grams, and so on.

* Be eclectic about data. Sources can embrace both informal, unstructured
interviews with participants in the program as well as quantitative data from
representative samples.

. However, it is extremely difficult to ask counterfactual questions in inter-
views or focus groups; try asking someone who is currently participating
in a public program: "What would you be doing now if this program did
not exist?" Talking to program participants can be valuable, but it is un-
likely to provide a credible evaluation on its own.

* One also needs data on the outcome indicators and relevant explanatory
variables. You need the latter to deal with heterogeneity in outcomes con-
ditional on program participation. Outcomes can differ depending on, say,
whether one is educated. It may not be possible to see the impact of the
program unless one controls for that heterogeneity.

* You might also need data on variables that influence participation but do
not influence outcomes given participation. These instrumental variables can
be valuable in sorting out the likely causal effects of nonrandom programs.

* The data on outcomes and other relevant explanatory variables can be ei-
ther quantitative or qualitative. But it has to be possible to organize it in
some sort of systematic data structure. A simple and common example is
that one has values of various variables including one or more outcome
indicators for various observation units (individuals, households, firms, and
communities).

. The variables on which one has data and the observation units one uses
are often chosen as part of the evaluation method. These choices should be
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anchored to the prior knowledge about the program (its objectives, of
course, but also how it is run) and the setting in which it is introduced.

* The specific data on outcomes and their determinants, including program
participation, typically come from survey data of some sort. The observa-
tion unit could be the household, firm, or geographic area, depending on
the type of program one is studying.

* Survey data can often be supplemented with useful other data on the pro-
gram (such as from the project monitoring database) or setting (such as
from geographic databases).

Sources of Bias

A naive estimate of a program's impact is to compare the relevant outcome indi-
cators between participants and nonparticipants. This estimate will be biased if
there is a difference between these two groups in outcomes without the inter-
vention. This can be broken down into two sources of bias:

* Bias due to differences in observable characteristics. This can come about
in two ways. First, there may not be common support. The "support" is
the set of values of the control variables for which outcomes and program
participation are observed. If the support is different between the treatment
sample and the comparison group, this will bias the results. In effect, one is
not comparing like with like. Second, even with common support, the dis-
tribution of observable characteristics may be different within the region
of common support; in effect, the comparison group data are misweighted.
Careful selection of the comparison group can eliminate this source of bias
by choosing a comparison group with the same distribution of observed
characteristics as the treatment group.

* Bias due to differences in unobservables. The term "selection bias" is some-
times confined solely to this component (although some authors use that
term for the total bias in a nonexperimental evaluation). This source of bias
arises when, for given values of X, there is a systematic relationship be-
tween program participation and outcomes in the absence of the program.
In other words, there are unobserved variables that jointly influence school-
ing and program participation conditional on the observed variables in the
data.

There is no guarantee that these two sources of bias will work in the same
direction. So eliminating either one of them on its own does not mean that the
total bias is reduced in absolute value. That is an empirical question.

Methods for Evaluating Impact

Various methods exist to reduce the bias in a naive estimate. The essential prob-
lem these methods address is that we do not observe the outcomes for participants
if they had not participated. So evaluation is essentially a problem of missing data.
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A comparison group is used to identify the counterfactual of what would have
happened without the program. The comparison group is designed to be very simi-
lar to the treatment group of participants with one key difference: the comparison
group did not participate. The main methods available are as follows:

* Randomization. The selection into the treatment and comparison groups
is random in some well-defined set of people. Then there will be no differ-
ence on average between the two groups besides the fact that the treatment
group got the program.

. Matching. Here one tries to pick an ideal comparison group from a larger
survey. The comparison group is matched to the treatment group on the
basis of a set of observed characteristics, or using the predicted probability
of participation given observed characteristics ("propensity score"). A good
comparison group comes from the same economic environment as the treat-
ment group and was administered the same questionnaire by similarly
trained interviewers.

* Double difference (or difference in difference) methods. Here one compares
a treatment and comparison group (first difference) before and after a pro-
gram (second difference). Comparators should be dropped if they have
propensity scores outside the range observed for the treatment group. (A
special case is a "reflexive comparison" that only compares the treatment
group before and after the intervention; because there is no control group,
this method can be deceptive as a basis for assessing impact.)

* Instrumental variables methods. Instrumental variables are variables that
matter to participation but not to outcomes given participation. If such
variables exist then they identify a source of exogenous variation in out-
comes attributable to the program-recognizing that its placement is not
random but purposive. The instrumental variables are first used to predict
program participation, then one sees how the outcome indicator varies with
the predicted values, conditional on other characteristics.

Steps in Propensity Score Matching

The aim of matching is to find the closest comparison group from a sample of
nonparticipants to the sample of program participants. "Closest" is measured
in terms of observable characteristics. If there are only one or two such charac-
teristics, then matching should be easy. But typically there are many potential
characteristics. This is where propensity score matching comes in. The main steps
in matching based on propensity scores are as follows:

Step 1. You need a representative sample survey of eligible nonparticipants
as well as one for the participants. The larger the sample of eligible
nonparticipants, the better it will facilitate good matching. If the two
samples come from different surveys, then they should be highly com-
parable surveys (same questionnaire, same interviewers or interviewer
training, same survey period and so on).
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Step 2. Pool the two samples and estimate a logit model of program partici-
pation as a function of all the variables in the data that are likely to
determine participation.

Step 3. Create the predicted values of the probability of participation from
the logit regression; these are the propensity scores. You will have a
propensity score for every sampled participant and nonparticipant.

Step 4. Some of the nonparticipant sample may have to be excluded at the
outset because they have a propensity score that is outside the range
(typically too low) found for the treatment sample. The range of pro-
pensity scores estimated for the treatment group should correspond
closely to that for the retained subsample of nonparticipants. You may
also want to restrict potential matches in other ways, depending
on the setting. For example, you may want to only allow matches
within the same geographic area to help ensure that the matches come
from the same economic environment.

Step 5. For each individual in the treatment sample, you now want to find
the observation in the nonparticipant sample that has the closest pro-
pensity score, as measured by the absolute difference in scores. This
is called the "nearest neighbor." You will get more precise estimates
if you use, say, the nearest five neighbors. Or you can instead use all
the nonparticipants as potential matches, but weight them differently
according to how close they are (Heckman and others 1998).

Step 6. Calculate the mean value of the outcome indicator (or each of the
indicators if there is more than one) for the five nearest neighbors.
The difference between that mean and the actual value for the treated
observation is the estimate of the gain due to the program for that
observation.

Step 7. Calculate the mean of these individual gains to obtain the average
overall gain. This can be stratified by some variable of interest, such
as incomes in the nonparticipant sample.

Doing a Double Difference

The double difference method entails comparing a treatment group with a com-
parison group (as might ideally be determined by the propensity score matching
method described above) both before and after the intervention. The main steps
are as follows:

Step 1. You need a baseline survey before the intervention is in place, and
the survey must cover both nonparticipants and participants. If you
do not know who will participate, you have to make an informed
guess. Talk to the program administrators.

Step 2. You then need one or more follow-up surveys, after the program is
put in place. These should be highly comparable to the baseline sur-
vey (in terms of the questionnaire, the interviewing, etc.). Ideally, the
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follow-up surveys should be of the same sampled observations as the
baseline survey. If this is not possible, then they should be the same
geographic clusters or strata in terms of some other variable.

Step 3. Calculate the mean difference between the "after" and "before" val-
ues of the outcome indicator for each of the treatment and compari-
son groups.

Step 4. Calculate the difference between these two mean differences. That is
your estimate of the impact of the program.
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Does Ignoring Heterogeneity in Impacts
Distort Project Appraisals? An Experiment

for Irrigation in Vietnam

Dominique van de Walle and Dileni Gunewardena

Could the simplifying assumptions made in project appraisal be so far from the truth

that the expected benefits of public investments are not realized? Using data for Viet-

nam, commonly used estimates of the benefits from irrigation investments based on

means are compared with impacts assessed through an econometric modeling of mar-

ginal returns that allows for household and area heterogeneity using integrated house-

hold-level survey data. The simpler method performs well in estimating average ben-

efits nationally but can be misleading for some regions, and, by ignoring heterogeneity,

it overestimates gains to the poor and underestimates gains to the rich. At moderate to

high cost levels, ignoring heterogeneity in impacts results in enough mistakes to elimi-

nate the net benefits from public investment. When irrigating as little as 3 percent of

Vietnam's nonirrigated land, the savings from the more data-intensive method are suf-

ficient to cover the full cost of the extra data required, ignoring other benefits from

that data.

The methods used in practice for project appraisal simplify reality in certain
respects. Appraisals implicitly assume that any economic losses arising from the
use of these methods are of second-order importance. Frequently, appraisals
resort to rapid assessments of project benefits, conducting the analysis for a rep-
resentative project and/or beneficiary. This article focuses on just one of the
common simplifying assumptions in project appraisal.' We question whether
ignoring heterogeneity this way-by looking only at aggregates-biases the es-
timates of both aggregate benefits and their distribution. Would collecting bet-
ter data or using better methods make an appreciable difference in the social
welfare outcomes of public investments? Would it be worth investing the extra
resources needed to make a more thorough assessment? Indeed, could the defi-
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ciencies of certain methods be so great as to eliminate the entire social gains of
the investments?

We address these questions for a method that is often used for assessing rural
infrastructure investments. This method assesses the impact of a project on a
representative farm household in a particular geographic area and it is a stylized
version of crude but common methods found in practice. We call this the quick-
and-dirty (QD) method, reflecting a relatively rapid evaluation procedure based
on the calculation of means. We use the QD method to calculate the implied
average benefit of irrigation in Vietnam. We compare this value with the mar-
ginal benefit estimated by an alternative, more sophisticated econometric method
for estimating project impacts on farm profits at the farm household level: the
slow-and-clean (sc) method. The sc method comes closer to a well-defined theo-
retical ideal and is about as sophisticated a method as one would expect to find
in a small research project set up for project evaluation.

Comparison of stylized QD and sc methods allows us to estimate the poten-
tial gains from using more theoretically sound but costly methods, where those
gains are assessed by the same criteria used to assess the projects themselves. In
trying to identify the benefits of better data and methods to support project
appraisal, we deliberately chose to characterize our QD method by something
close to the worst of what is done by practitioners. Comparison of the methods
indicates the maximum potential benefits of using better methods. If the maxi-
mum gains turn out to be small, it is clear that devoting resources to better evalu-
ation would be wasted. Conversely, large gains would suggest that increased
evaluation efforts could have high returns.

Here we are concerned with both project impact on average incomes and
impact on the distribution of income. In practice QD methods often appeal to
both efficiency and equity criteria for project selection. For example, appraisals
of rural infrastructure projects in developing countries often argue that because
the project is to be located in a poor area, it will help reduce poverty. However,
this may be deceptive. Several factors that are typically hidden by QD methods
influence the benefits of physical infrastructure investments. There may be com-
plementarities between physical and human infrastructure such that the returns
to an individual household depend in part on its level of human capital (van de
Walle 2000). If wealthier households have higher human capital, they may also
have higher gains. Returns to irrigation on the family farm may further depend
on household size and composition in settings with underdeveloped labor mar-
kets. The size of landholdings may also matter, again with obvious potential
skewness of benefits. In our setting-rural Vietnam in 1992-93-many such
household characteristics are likely to be exogenous to the project or not influ-
enced by it over an appreciable period of time. Hence, project benefits will vary
with these characteristics. 2 We aim to see whether a project analysis that ignores

2. This would not be the case in settings with more flexible markets.
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these sources of heterogeneity might seriously misinform policy conclusions about
the impact of public investments on poverty.

Section I outlines the theoretical ideal and the principles underlying the sc
and QD methods. The section briefly discusses the setting and the data that we
use to implement the methods. Section II compares and contrasts results obtained
by the alternative approaches including implications for distributional assess-
ments, for project selection, and for the net social gains from public investments.
Section III concludes.

I. METHODS

This section presents the theoretical ideal and describes two approximations-
the sc and QD methods. The section describes the setting and data for our analysis
and explores whether we can predict how the choice of methods will affect the
results of project appraisal.

The Ideal

An important input to the appraisal of irrigation projects is assumed to be an
estimate of the gain in farm profit from irrigating given amounts of previously
unirrigated land.3 The ideal method would start with a general specification of
the profit function for a farm household. We measure farm household profit from
crop production by total revenue minus total production costs, which we call
net crop income. It is assumed to be a function of output and input prices (p),
the amount of annual nonirrigated (LN) and irrigated (LI) cropland, and other
relevant variables (z). The generic profit function is

(1) 7rj = it(p,, LN/, L', z,).

Equation 1 gives the maximum profit received by the jth household for j -1
... , n. The vector z includes other fixed factors and parameters of the produc-
tion function used by the jth household.

In the case where a complete set of perfect markets exists for all farm outputs
and inputs, variables influencing consumption decisions, such as the prices of
consumer goods and the size and demographic composition of the household,
would not alter the maximum profit from farming. However, when markets are
incomplete-so that the conditions required for separability of production and
consumption decisions do not hold-such variables will spill over into produc-
tion decisions (Strauss 1986). For example, in Vietnam, rural labor markets are
thin or nonexistent, reflecting the dual effects of the past socialist organization
of rural production and reliance on subsistence farming as well as possibly high
supervision costs and limited mobility in the early stages of transition. Variables
such as family size and composition influence the amount of labor available for

3. We can abstract from whether the investments are public or private because, either way, an esti-

mate of the gains in farm yields is needed.
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farming and, hence, maximum profits. Therefore, z may include factors besides
the parameters of the farm household's production function. The specification
in equation 1 can thus be made general enough to encompass market effects of
credit or labor market failure.

Now consider a project that involves irrigating amounts AL,I of previously
unirrigated land for each of n households (possibly zero land for some). The
benefit to the jth farm household is given by the increment to its profits from
farming:

(2) B,= rr(p! LN-AL!j LI + ALj, z) - n(pj, L, L', zj).

One would then calculate the average benefit (XB, / n) or some distribution-
weighted benefit. In the special case in which one unit of land is irrigated, it is
useful to define the marginal benefit function as

(3) MBj = IT(p,, LN- 1, LI + 1, zi) - nC(pj, LN, LI' zj).

If we knew the profit function, the task of calculating project benefits would
be complete. This section describes two approximations to this ideal, one of
which-the sc method-is undoubtedly more accurate than the other but is still
an approximation. But first we need to describe some key features of our data.

Setting and Data

We test irrigation project appraisal methods using data from the Vietnam Liv-
ing Standards Survey (VNLSS) of 1992-93. This is a nationally representative,
high-quality, household consumption survey covering a sample of 4,800 house-
holds.4 The data include detailed coverage of agricultural production and incomes
that allows us to construct a comprehensive measure of annual crop incomes
net of all production costs. The survey also collects detailed information on land
assets, including quality of plots, and other inputs to crop production, including
family labor inputs. For the welfare measure, we use total household per-capita
expenditures (including the imputed value of consumption from own produc-
tion), appropriately deflated to allow for spatial cost of living differences. 5

Vietnam is a largely agricultural economy. In 1992-93, 84 percent of the rural
labor force aged six years or older claimed agriculture as their primary occupa-
tion. A majority of households are engaged in small-scale subsistence farming,
relying almost exclusively on household labor and traditional inputs. According
to official sources, corroborated by the 1992-93 VNLSS data, about half of the
country's arable cropland is under irrigation (Vu and Taillard 1993). Irrigated
land is defined by the VNLSS to include land benefiting from any kind of water

4. A detailed description of the data set is given in Glewwe (1994).
5. We use a Laspeyres spatial price index covering the rural and urban areas of Vietnam's seven

regions. It is constructed based on prices collected by the VNLSS in the 120 surveyed rural communes.
We also use urban price data from official sources. Expenditures are likewise deflated to January 1993
prices using the government-constructed monthly consumer price index. Further details are available
in Glewwe (1994).
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management system-such as pumps-that prevents flooding or drought. It is
generally agreed that there is great potential for an expansion of the area served
by new irrigation infrastructure as well as by the rehabilitation of long non-
functioning irrigation networks (Barker 1994).6 Such investments have not been
undertaken due to the combination of historical factors, such as war, highly
constrained public budgets, and lack of access to credit.

The current distribution of access to cropland and irrigation varies across
regions, but much less so within regions due to past land reform. In general, land
endowments are distributed relatively equally in the north. They are distributed
less equally in the south where, on average, the poor have access to less than
half the amount of land compared with the nonpoor (van de Walle 1996). The
existing distribution of irrigation is somewhat more equal than that of land. Given
the current distribution, it cannot be argued that investment in irrigation would
necessarily benefit the poor more than the rich.

Although Vietnam has been undergoing reform since 1986, markets were
still relatively underdeveloped in 1992-93, when land remained under state
ownership and land markets were illegal. Fieldwork suggests that labor mar-
kets, though generally thin everywhere, did not exist at all in some parts of the
country. Mobility was severely restricted because access to social services and
transactions to do with land, housing, and credit were officially linked to an
individual's residency permit and new permits were not easily acquired (UNDP

1998). Using the same data as this article, van de Walle (2000) found evidence
that household demographics and human capital exert considerable influence
on farm household crop incomes. This reflects an environment where, for the
most part, households do not have the option of hiring in or out workers and/
or skills.

A Slow and Clean Approach Incorporating Heterogeneity

The sc method works by assuming a functional form for the profit function that
is estimated by regression methods using suitable microdata-in this case the
1992-93 VNLSS. The chosen specification allows a number of variables-includ-
ing land, demographic and education variables, and regional dummy variables
for Vietnam's seven regions-to have direct effects on the marginal returns from
irrigated and nonirrigated cropland. For the sc method used here, the profit func-
tion is assumed to have the following parameterization: 7

(4) TC = a + rpNLN+ Pi LI + y z + 6 di + Ej

where

6. Note that "new irrigation infrastructure" could include both large-scale projects and smaller
investments, such as bore holes or diesel pumps. We do not preclude the latter.

7. Due to labor valuation difficulties, profit is not net of household labor inputs. Our profit func-
tion is thus literally more an income function. This difference does not affect the calculation of house-
hold consumption gains. On the sensitivity of the estimates of farm profits, see van de Walle (1996).
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(5) pN= boN+ bNd, + b N Zj + bN LN

and

(6) pi= bo + bl d, + b2 z, + b3U Lj

and where d is a vector of regional dummy variables that are assumed to fully
capture the variation in prices faced in each region.8 The error term Fj is assumed
to be independently and identically normally distributed.

The country's regions are made up of provinces, districts, and, at the lowest
level, communes. Dummy variables for 119 out of the 120 sampled communes
are included in the intercept of the profit function (d in equation 4) to capture
variations in prices and any other spatial, cross-commune variations in omitted
or fixed factors, such as land and soil quality. Thus, prices of outputs and vari-
able inputs are assumed to vary between but not within communes. The com-
mune dummies pick up the effects of geographical, social, and physical infra-
structure variations at the commune level. In addition, we collapse the commune
dummies into seven regional dummy variables (d in equations 5 and 6) and in-
teract them with irrigated, nonirrigated, and other types of land, thus permit-
ting regional effects on the marginal returns to land.

By allowing nonlinearity in land and interaction effects with other variables,
the above specification is a reasonably flexible functional form for the present
purposes. However, our sc method could possibly be improved. For example,
as is common in the literature and indeed is true of most rapid assessment meth-
ods of project appraisal, our sc method ignores general equilibrium and dynamic
welfare effects. There is clearly a continuum of QD as well as sc methods for
estimating benefits. As we have explained, our purpose here is to see whether
policy conclusions and choices are significantly altered when comparing a "worst
case" with a "best case" common evaluation practice.

The vector z includes other land in agricultural production; land tenure vari-
ables; education, health, and demographic variables; and location-specific, agro-
ecological variables. As discussed, a range of variables is included in z to cap-
ture characteristics specific to a transition economy in which markets are still
underdeveloped. In other settings, there would be concerns about possible
endogeneity of household characteristics. However, thin or missing markets allow
us to assume that these characteristics are predetermined and that we are look-
ing at benefits over a period of time that do not allow households to change their
characteristics. There will be long lags before such behavioral responses, if they
occur, bring higher returns. In the present setting, it is reasonable to assume that
the irrigation project does not change such household characteristics as educa-
tion and household demographics for the period over which we measure gains.

We use ordinary least squares on a sample of the 3,049 farm households in
the data set (including some urban farm households). Table 1 defines the varn-

8. Because the article focuses on irrigated and nonirrigated annual crop land, we show the marginal
returns only for these land types. However, the specification allows for the same variables to interact
with other land types that are contained in the z vector.
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ables and gives sample statistics. Table 2 presents the regression results.9 The
equation's explanatory power, as reflected in an adjusted R2 of 0.58, is unusu-
ally high for a regression on cross-sectional household-level data. Irrigated and
nonirrigated cropland are both found to have high but diminishing impacts on
crop income. Household size has a positive effect, as does its interaction with
many land variables. One notable exception is size interacted with irrigated land,
which has a pronounced negative effect on crop income. This coefficient is prob-
ably picking up a tendency for larger irrigated farms to not be constrained by
family size; the more irrigated land a household has, the less it is dependent on
family labor for farm household production.

Education has strong effects. The primary education of the household head is
convex in its impact, suggesting increasing returns to schooling. Interaction effects
between primary education variables and irrigated land tend to be large and posi-
tive. There are also significant commune fixed effects and spatial differences in
the effects of irrigated and nonirrigated land and other land types.10

From the regression model, we derive a marginal benefit function for irriga-
tion that allows for heterogeneity across households. The marginal benefit from
irrigating one unit of previously unirrigated land is given by the difference in the
derivatives of the regression function with respect to irrigated land and non-
irrigated land:

(7) MBi = (bol - bN) + (bl - bN ) di + (b2l - bN2 zi + 2(b3l LI - bN3 L,N).

Table 3 provides the estimates of equation 7. As expected, marginal benefits
from irrigation decrease as irrigated area increases, and they increase with the
amount of unirrigated land. The results show the strong influence of the house-
hold's demographic and education endowments on the gains from moving one
unit of nonirrigated land into irrigation. We evaluate this function at the sample
variable means to calculate the mean marginal benefit.

A Quick and Dirty Approach

The sc method is demanding in a number of respects. Special microdata are re-
quired to capture heterogeneity-namely, an integrated household survey that
contains information for all the relevant variables for the sampled households.

9. We tried a number of functional form specifications, including linear, semi-log, and double log

forms, with and without quadratics in land and education (for further discussion, see van de Walle

1996). The presented linear model with quadratics in land and education variables was found to per-

form best. Full regression details are available from the authors.
10. Biases due to endogenous explanatory or omitted variables that are correlated with included

variables is a potential issue here. However, as a result of past land reform and distribution processes,

land and irrigation inputs can reasonably be treated as exogenous at the household level. Possible omitted

variable bias is more worrying. The regressions control for omitted between-commune variance through

the commune dummies. But there may also be latent heterogeneity in, say, land or soil quality within

communes. Still, including land quality in the regression did not reveal any sign of such bias (van de

Walle 1996). This could be more of an issue in the south-salinity and acidity are common problems in

the Mekong Delta-although they were not observed in the VNLSS data.
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TABLE 1. Variable Definitions and Summary Data

Standard
Variable Definition Mean deviation

cropinc Net household crop income, 1993 dongs 2,282,069 2,391,173
sick Dummy for household member being 0.933 0.250

sick in last year
sexbhh Gender of household head 0.809 0.393
hhsize Size of the household 5.033 1.992
prop06 Proportion of household members 6 years old 0.156 0.176

and younger
prop716 Proportion of household members 0.213 0.204

7-16 years old
pfadlt Proportion of female adults (over age 16) 0.327 0.169
pmadlt Proportion of male adults (over age 16) 0.282 0.160
hedl Years of primary education of household head 4.379 1.114
hed2 Years of post-primary education 2.513 2.842

of household head
oedl Years of primary education of other adult 6.872 5.372

household members (over age 16)
oed2 Years of post-primary education of other 4.111 5.287

adult household members (over age 16)
irrigated Irrigated annual crop land area (m

2
) 2,267.58 3,997.50

nonirrigated Nonirrigated annual crop land area (m
2
) 2,605.92 5,632.34

perennial Perennial land area (m
2
) 678.43 2,169.50

forest Forest land area (m
2
) 279.22 1,970.98

waterland Water surface land area (m
2
) 122.89 1,203.53

otherland Other land area (m
2
) 217.50 2,106.11

propit Proportion of annual land that is long-term 0.20 0.380
propauct Proportion of annual land that is auctioned 0.023 0.092
proppriv Proportion of annual land that is private 0.227 0.341
propshare Proportion of annual land sharecropped/rented 0.043 0.165
propall Proportion of annual land that is allocated 0.507 0.431
urban Dummy variable for urban residence 0.057 0.231
nu Dummy variable for the Northern 0.183 0.387

Uplands region
rr Dummy variable for the Red River 0.275 0.447

Delta region
nc Dummy variable for the North Coast region 0.178 0.383
cc Dummy variable for the Central Coast region 0.090 0.286
ch Dummy variable for the Central 0.020 0.139

Highlands region
mk Dummy variable for the Mekong River 0.20 0.40

Delta region

Source: Glewwe, 1992-93.
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TABLE 2. Regression Results for Crop Incomes

Variable Coefficient t-ratio

urban 1,093,640 1.08

sick -318,465.4 2.59
hhsize 81,451.7 2.12
propO6 -586,514.9 1.18
hedl -468,646.3 2.69
hedl 'hedl 67,862.6 2.66
oedl *oedl -1,932.7 2.48
oed2 21,023.8 1.24
irrigated 352.40 4.27
irr*irr -0.0030 4.42
nonirrigated 238.40 3.81
nonirrig*nonirrig -0.0036 9.60
perennial -277.04 1.73
perennial'perennial -0.0097 6.43
forest -372.88 1.35
forest*forest -0.0026 1.38
waterland*waterland -0.0401 3.80
otherland -611.27 1.22
otherland*otherland -0.0024 1.32
propauct 1,116,555 2.54
propprit' 325,505.5 1.49
propall 470,198.4 2.10
hedl "irrigated 47.87 6.06
hedl *otherland -113.39 2.58
hed2*irrigated -6.46 1.53
hed2 *perennial 21.90 2.53
hed2*forest 23.01 1.62
hed2"waterland 72.61 1.58

hed2*otherland 33.45 1.51
oedl *irrigated 20.74 8.03
oedl *nonirrigated 7.27 3.38
oedl *perennial 5.42 1.21
oedl *forest -21.37 1.72

oedl *otherland -49.20 4.66
oed2*irrigated -4.179 2.18
oed2*nonirrigated 1.741 1.04
oed2*perennial -10.914 2.65
oed2*otherland 33.814 4.00
hhsize*irrigated -35.991 6.94
hhsize*nonirrigated 4.639 1.13
hhsize*perennial 52.933 4.62
hhsize*forest 37.473 1.68
hhsize*otherland 79.081 2.62
pfadlt*irrigated -176.63 2.16
pfadlt*nonirrigated -137.02 2.07
pfadlt*perennial 610.10 3.33
pfadlt*otherland 1941.44 4.18
pmadlt*irrigated -162.40 1.71
pmadlt*perennial 289.39 1.92
prop716*irrigated 155.85 2.03

(continued)



150 THE WORLD BANK ECONOMIC REVIEW, VOL. 15, NO. I

TABLE 2. (continued)

Variable Coefficient t-ratio

rr*irrigated 271.75 4.06
rr*forest 135.35 1.03
mk*irrigated -67.71 1.94
mk*perennial -158.92 2.94
nu*irrigated 255.81 3.47
nu*perennial -199.58 2.27
nu*otherland 434.86 1.20
nc* perennial -218.53 3.02
nc*otherland 528.01 1.39
cc* irrigated -203.38 3.63
cc*nonirrigated -152.25 2.62
cc* perennial -228.68 1.26
chb irrigated -973.79 1.66
chb nonirrigated -134.37 2.65
ch* perennial 310.57 4.37
ch*waterland 5,195.78 1.31

Number of observations: 3,049
F(233, 2815): 19.06
Prob > F: 0.0000
R2 : 0.6120
Adjusted R2: 0.5799
Root MSE: 1.Se+06

Notes: See table 1 for variable definitions. For ease of
presentation we have not reported results for the 119 com-
mune dummies, many of which are significant. The table
also omits regressors with t-ratios less than 1. The model
contained the following variables: demographic composi-
tion variables, prop716, pfadlt, pmadlt, and interactions
with land variables; education variables hed2, hed22 , oedl,
oed22 , and interactions with land; land variable waterland
and interactions between types of land and regions; and
proplt and propshare.

Source: Authors' calculations.

The sc method requires econometric modeling. Without such data and methods
(or the resources to obtain them), the project appraiser has little option but to
do a rapid assessment using less than ideal data to evaluate the impact of expan-
sion of irrigation infrastructure. The essence of the QD method is to estimate the
marginal benefit function using simple averages that can be readily calculated in
the field or using simple preexisting (nonintegrated) surveys.

To guide our characterization of the QD approach, it is useful to look at what
is done in practice. In general the aim is to assess the income gain over preproject
rain-fed crop incomes for a representative farmer and a given farm size. The lit-
erature on the economic evaluation of irrigation projects emphasizes the impor-
tance of estimating quantity changes based on the budgets of farms with and
without the project for different sizes and types of farms (for example, Bergmann
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TABLE 3. Marginal Benefit Function for Irrigation

Variable Coefficient t-ratio

Intercept 114.0 1.24

Irrigated land -0.006 4.42

Nonirrigated land 0.0072 9.60

Household head's primary education 47.87 5.56

Household head's other education -5.131 1.07

Other adult's primary education 13.472 4.69

Other adult's other education -5.92 2.57
Household size -40.63 7.04
Proportion of female adults -39.61 0.44
Proportion of male adults -100.14 1.00

Proportion of children 7-16 years old 148.1 1.94

Red River 315.81 3.05

Mekong Delta -72.08 3.44

Northern Uplands 274.64 1.63

North Coast 98.67 1.14

Central Coast -51.13 0.75
Central Highlands -839.42 1.41

Source: Authors' calculations.

and Boussard 1976, Brown 1979, Gittinger 1982, Londero 1987, OECD 1985).
Yet, actual practice in project appraisals exhibits considerable variation and is
often far from ideal. Project appraisal staff typically go to a target area, observe
the amount of land that can be irrigated in the catchment area, and estimate the
incomes of nonirrigated farms. Predictions of farm output gains from the irriga-
tion project are made partly on the basis of such field observations and often
draw on an assumed model of one or more seemingly representative farm house-
holds. Sometimes province-level statistics on cropping patterns, intensities, and
yields are employed; sometimes estimates are based solely on the field visit.

Such methods appear to be the norm in the practice of international develop-
ment banks, including the World Bank. However, there is heterogeneity in the
quality of the inputs. In reviewing the World Bank's recent irrigation project
appraisals, we found that it is often hard to figure out exactly what has been
done based on the available documentation.li Some of the project analyses re-
viewed appear to have used finely disaggregated assessments of output gains by
geographical area, by type of crop, or by allowing for heterogeneity in farm size
through using representative farm models. But in the majority of cases, we found
methods that do not appear to have allowed for heterogeneity and that tend to
assume that farmers will benefit equally. We did not find any evaluations that
accounted for farm household-level characteristics likely to influence marginal
benefits, such as human capital or household size.

11. We reviewed each of the 19 irrigation project appraisal reports prepared by the World Bank

since 1992.
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Here we propose a QD method that is probably close to a "worst-case" char-
acterization of the methods found in practice. Appraisals often do something
better than our QD method. We deliberately chose a benchmark that requires
minimal information to implement and is close to one extreme of the range of
common practice. The gains from using the sc relative to our QD aim to mea-
sure the maximum potential benefits and provide a clear vantage point for judg-
ing the results.

In implementing the QD method, we take advantage of the availability of farm-
level data on crop incomes from the VNLSS consumption survey. Although we
use household survey data to carry out this exercise, that is solely a matter of
convenience-there is nothing inherent in our procedure that requires such data.
We do not use the integrated nature of the survey (whereby a wide range of dif-
ferent types of data are obtained for the same sample). Rather we use the survey
to estimate simple means, such as those from special purpose surveys or field
trips. The same approach could be enacted through a rapid assessment survey
of a project area or by drawing on data collected by a small agricultural survey.

There is an advantage to using the same survey for calibrating both methods-
it allows us to control for differences due to sampling. We may otherwise find
differences in the results that are due to nothing more than sampling errors. By
the same token, it could be argued that basing the QD estimates on a statistically
sound household survey renders them less "dirty" than the typical rapid appraisal
estimates using less rigorous sampling methods.

Our aim is to calculate the difference in the value of crop incomes net of costs
per area of irrigated land versus the same area of nonirrigated land. This differ-
ence is a measure of the average benefit from irrigation allowing for any differ-
ence in production costs associated with a change in irrigation.

We use the survey data to approximate what the project appraisal would do
in the field. The appraiser is unlikely to pay attention to nonfarmers or farmers
producing crops that do not require irrigation. This leads us to estimate the mean
over a restricted sample of the survey households, including only households that
are primarily engaged in the production of rice, other food crops, or annual in-
dustrial food crops-typically the major users of irrigation. We restrict the sample
to households whose income from these sources comprises 90 percent or more
of their total crop income. The excluded households have a greater dependence
on income from perennial industrial crops, fruit, and forest tree crops.

It is unlikely that a rapid field appraisal would be able to identify exactly house-
holds that have only irrigated (or nonirrigated) land. We therefore allow for some
probable margin of error and further limit the sample to households that have 90
percent or more irrigated or nonirrigated land (as opposed to 100 percent) and
calculate mean net crop incomes for these groups. The difference between these
amounts expressed per unit of irrigated and nonirrigated land gives us our mea-
sure of the average benefit. We calculate average benefits for the national level as
well as for regional subsamples. The latter is done for six of Vietnam's seven re-
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gions-excluding the Central Highlands, where there is very little irrigation and
no households with 90 percent or more of their land under irrigation.12

In trying to emulate the approach that a rapid appraisal might adopt, we have
made a number of choices and assumptions in calculating the average benefits from
irrigation as described above. To check the sensitivity of the estimates to our choices,
we also calculate the means under alternative assumptions. We experiment by
increasing (decreasing) the sample to include households with a smaller (larger)
share of crop income from rice, other food crops, and annual industrial food crops
and by using more or less precision in defining the sample of only irrigated and
nonirrigated land. The results indicate reasonably similar magnitudes.

The QD method just described has a number of obvious limitations. These
include the neglect of heterogeneity across households and of behavioral effects.
For example, the household's level of human capital and its size and demographic
composition may influence the returns to irrigation infrastructure. Impacts will
then vary according to how such characteristics vary across households. Fur-
thermore, these characteristics will not be changed by the irrigation project, so
they should be controlled for when assessing project benefits.

As discussed above, there is diversity in the amount of effort put into estimat-
ing quantity changes in practice. Our QD method characterizes worst practice.
Some project appraisals do better, such as by allowing for some heterogeneity
across regions and farms. But many are unlikely to do any better at a similar
level of aggregation. The comparison of our sc and QD methods allows us to
judge how much extra effort in evaluation is warranted.

Can We Predict What Difference the Choice of Method Makes?

Before we compare empirical results from the two methods, we consider whether
something can be said a priori about the comparison. Can we expect the QD

method to over- or underestimate the marginal benefits? Consideration of two
stylized cases is sufficient to establish that there can be no theoretical presump-
tion as to which method will indicate higher benefits.

Consider the relationship between profits and irrigated and nonirrigated land
holding under the following assumptions:

* Case 1. The function relating profits to the amount of irrigated land is strictly
concave (marginal profit declines as land increases throughout), whereas
that of the function relating profit to nonirrigated land is linear.

* Case 2. The reverse holds; profit is linear in irrigated land but concave in
nonirrigated land.

Let us also assume that profits are zero when there is no land. In case 1, both the
QD and sc methods give exactly the same estimate of the lost profit from having

12. Vietnam's seven regions include the Northern Uplands, Red River, North Coast, and Central

Coast in the North and the South East, Mekong Delta, and excluded Central Highlands in the South.



154 THE WORLD BANK ECONOMIC REVIEW, VOL. 15, NO. I

one unit less nonirrigated land. But the QD method overestimates the marginal
gain from an extra unit of irrigated land (because the concavity implies that the
average profit per unit of land will be higher than the marginal profit). Thus, in
case 1, the QD method overestimates the gain as assessed by the sc method. The
ordering reverses in case 2 because the QD method overestimates the loss from
one unit less of nonirrigated land, and the two methods agree on the gain from
extra irrigated land.

It is possible to construct a number of other examples that relax these assump-
tions and exhibit similar ambiguity. The above argument is sufficient, however,
to illustrate that there can be no general supposition as to which of the two
methods will give a higher estimate of the gains from irrigation. That is an em-
pirical question to which we now turn.

II. QUICK AND DIRTY VERSUS SLOW AND CLEAN

This section turns to the empirical implementation of the two methods described
above and attempts to assess the gains from the sc method relative to the QD

method and how those gains are distributed.

Comparing Mean and Marginal Benefits

For the national sample, the QD method gives a mean benefit of 316 dongs per
year per square meter of irrigated land. The mean marginal benefit calculated by
the sc method is not far off at 304 dongs.13 Given the same database, the means
are unlikely to be very different. However, on disaggregating to the regional level,
we find both larger variation between the estimates using the two methods for a
particular region and a striking variation in the mean regional gains whatever the
method employed. Table 4 presents the regional benefit estimates.' 4

13. In 1992-93, 10,000 dongs were roughly equal to US$1. To check for sensitivity of the QD mea-
sure to our assumptions, we increased (decreased) the sample to include households with a smaller (larger)
share of crop incomes from rice, other food crops, and annual industrial food crops and used more or
less precision in defining the sample of only irrigated and nonirrigated land. We kept the assumptions
about crop income shares but made four adjustments. First, we found a national mean of 306 dongs
per square meter by assuming 100 percent (instead of 90 percent) precision in defining the sample of
households with only irrigated or nonirrigated land. Second, assuming less precision (75 percent) in
defining households with only irrigated or nonirrigated land gave an average benefit of 320 dongs per
square meter. Keeping the assumption of 90 percent precision in defining households with only irri-
gated or nonirrigated land but changing the sample to include those with a larger or smaller share of
income from rice, other foods, and annual industrial crops also yielded results of similar magnitude.
Third, for households where 100 percent of crop income is from these crops, the mean benefit was 345
dongs per square meter. Fourth, for households where 75 percent or more of crop income is from these
crops, the mean benefit was 310 dongs per square meter. Thus, under all assumptions, the national QD

estimates slightly overestimate the gains from irrigation.
14. The analysis does not hinge on whether the sc and QD means are significantly different from

one another. Even if one could not reject the null hypothesis that the means are the same, it would still
be possible to have radically different policy conclusions and large losses from project appraisals based
on QD point estimates. Nonetheless, using a conventional t-test, at the 5 percent level of confidence one
can reject the null that the means are the same for all but the South East region.
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There is clearly a diverse regional dimension. As one would expect, it is more

accurate to use the QD regional estimates than the QD national mean. Figure 1

plots the sc marginal benefits (on the vertical axis) against the QD mean benefits

at the household level. The figure provides an overall summary of our results.

(Recall that the sc estimates are household-specific and the QD estimates are the

same for all households within a specific region. The figure also identifies the re-

gional means.) The 45-degree line indicates the line of equality between the esti-

mates. The horizontal distance between the line of equality and the sc regional

means indicates the amount by which the QD mean over- or underestimates the sc

mean. This distance is greater for regions in the North (especially in the Northern

Uplands and in the Red River region) than in the South (South East and Mekong

Delta). In each region, the QD method both over- and underestimates the sc method.

The scatter plot of sc estimates indicates a wide distribution of household-level

marginal benefits within each region that is not captured by the QD method.

Distributional Implications

We have seen that there is much variation in mean and marginal benefits across

regions. Our next question concerns how much the sc estimates vary with per-

capita expenditures and what that means for the QD approximation. In figure 2,

we plot the line of best fit estimated using nonparametric methods for the QD

measures (which reflect only regional variation) across per-capita expenditures.15

We overlay this line with the line of best fit of the household-level measures es-

timated by the sc method against per-capita expenditures. The figure displays a

positive association of benefits with per-capita expenditure. In general, there is

a tendency for the QD method to overestimate (underestimate) benefits to house-

holds with low (high) per-capita expenditure. This emphasizes the main distri-

butional implication: the regional QD method tends to overestimate benefits for

the poor and underestimate them for the better-off.

The distributional results partly reflect the influence of household-specific char-

acteristics as shown by the marginal benefit function (table 3). In addition to an

important regional dimension, the marginal benefits from irrigated land are sig-

nificantly affected by the household's size and its level of primary education.

Household size has a negative effect on the marginal benefit. Primary education

has a positive influence on marginal returns. The survey data also show that larger

and less-well-educated households tend to be poorer in terms of per-capita expen-

ditures (World Bank 1995). Thus, in the aggregate, both variables tend to lower

marginal benefits for less-well-off households and to raise them for households at

higher per-capita expenditure levels. Table 3 shows that, even allowing for regional

differences, there are household-specific characteristics that influence the poten-

tial benefits from irrigation. These factors are missed by the QD method.

15. The estimates are obtained using Cleveland's (1979) locally weighted, smoothed scatter plots-

a method of nonparametric estimation that is of the nearest-neighborhood type.
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TABLE 4. Benefits by Region (dongs/year/m2 )

Project Northern Red North Central South Mekong
appraisal method Uplands River Coast Coast East Delta

(1) Slow and clean 449 488 272 102 175 100
(2) Quick and dirty 541 392 342 48 184 129
(2)-(1) 92 -96 70 -54 9 29

Source: Authors' calculations.

Distributional Impacts of an Irrigation Expansion

So far we have explored the marginal and mean benefits associated with a small
change. We have shown that these benefits vary regionally and with household
expenditures. Together these factors have distributional implications. However,
in determining the distributional impact of a policy of irrigation infrastructure
investment, the existing distribution of land and access to irrigation will influence
the outcomes. Farms with larger amounts of nonirrigated land are those best posi-
tioned to gain from such a policy, but we have seen that the level of their gains will
depend on a number of factors not connected to their land assets.

To examine the distributional implications of irrigation infrastructure invest-
ments, we simulate a policy of a 10 percent expansion in the area of currently

FIGURE 1. A Comparison of the Slow-and-Clean and Quick-and-Dirty
Methods of Project Appraisal
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Notes: SC marginal benefits and QD mean benefits are measured in dongs per year per square meter
of irrigated land. Values are given for the following regions: Central Coast (CC), Mekong Delta (MD),
South East (SE), North Coast (NC), Red River (RR), and Northern Uplands (NU). In 1992-93, 10,000
dongs were roughly equal to US$1.

Source: Authors' calculations.
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FIGURE 2. Distribution of Benefits Estimated Using the Slow-and-Clean and
Quick-and-Dirty Methods
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Notes: QD refers to the quick-and-dirty method and SC to the slow-and-clean method of project

appraisal. In 1992-93, 10,000 dongs were roughly equal to US$1.
Source: Authors' calculations.

nonirrigated land into irrigation. The distribution across households of that
expansion is enacted under two scenarios. Policy I simply increases the amount
of land covered by irrigation similarly for each household subject only to feasi-
bility as determined by current land and irrigation holdings and the expansion
being considered. Policy II is explicitly pro-poor in that it distributes the 10 per-
cent irrigation expansion only to households with low per-capita land holdings-
namely, less than 610 square meters per person.16

Figure 3 presents the results of these simulations. The impact of irrigation
expansion is simply the (household-level) benefit per square meter times the
(household-level) increase in irrigated land. We present the results in terms of
the lines of best fit for total impacts per capita and household impacts as a per-
centage of household expenditure. Although the distribution of total impacts
under policy I has a slight inverted U distribution (figure 3a), the more explicitly
poverty-targeting policy II displays a negative association of impacts with per-
capita expenditure (figure 3b). However, both policies are inequality reducing,
in that the impact as a percentage of household expenditure declines as per-capita
expenditure increases (figures 3c and 3d). How well does the QD-based distribu-
tion approximate the sc-based distribution of total impacts? As with the esti-
mates of benefit per square meter (figure 2), the QD measure overestimates the
total impacts at the lower end of the welfare distribution and underestimates
them at the upper end of the distribution.

16. Given the existing distribution of land, this policy extends irrigation to the nonirrigated land of
all households with landholdings less than 610 square meters per person.
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FIGURE 3. Measures of the Impact of an Expansion in Irrigation
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Impact on Project Selection

Irrigation investment projects should ideally be approved where benefits exceed
costs. It Is interesting to ask how the two methods we have reviewed would dif-
fer in determining where and which projects to undertake. Table 5 conducts such
an exercise using hypothetical (linear) costs. Sampled farm households are used
to define a distribution of potential projects where the data for each household
can be thought of as determining the characteristics of a potential project area.
Each area may contain many more than one farm household. At each unit cost
level, we ask how many projects would be accepted by the two methods of cal-
culating household-level benefits. The overall results indicate that the sc and QD

estimates tend to be in agreement at both ends of the cost spectrum, but there is
a greater margin of error when the cost is around 400 dongs per year per square
meter. There is also regional variation.
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FIGURE 3. (continued)
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appraisal. In 1992-93, 10,000 dongs were roughly equal to US$1.

Source: Authors' calculations.

Table 6 gives an overall assessment of the outcomes under the QD approach.

The table presents summary data on acceptance rates for projects under both

the QD and sc acceptance rules for various cost levels. The QD and sc rules agree

on the selection of projects most of the time for proj'ect costs up to 400 dongs.

However, there is greater disagreement at 400 dongs per square meter and higher.

We also present the net benefits that would be realized were project selection

to be decided according to each method. Benefits for both sets of projects are

evaluated using the sc estimates to work out actual benefit levels. These are then

expressed per square meter. The difference in net benefits realized under each

rule gives us some idea of the potential losses due to use of the QD method. in
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TABLE 5. Irrigation Projects Approved under QD and SC Benefits

TotalProjects accepted by region (%) projects

Cost Benefit Northern Red North Central South Mekong accepted
(dongs/m2 ) rule Uplands River Coast Coast East Delta (%)

200 SC 99 100 87 6 45 13 68
QD 100 100 100 0 0 0 65

250 SC 98 100 67 1 17 7 61
QD 100 100 100 0 0 0 65

300 se 95 99 32 0 5 3 52
QD 100 100 100 0 0 0 65

350 SC 89 97 9 0 2 1 46
QD 100 100 0 0 0 0 47

400 SC 79 92 3 0 1 1 41
QD 100 0 0 0 0 0 19

425 se 69 88 1 0 0 1 38
QD 100 0 0 0 0 0 19

450 SC 53 81 1 0 0 0 33
QD 100 0 0 0 0 0 19

475 SC 38 65 0 0 0 0 26
QD 100 0 0 0 0 0 19

500 SC 26 45 0 0 0 0 17
QD 100 0 0 0 0 0 19

Source: Authors' calculations.

particular, the last column in table 6 gives the percentage of the benefits realized
under the sc method that is lost under the QD rule for accepting projects.17 The
loss is small for low-cost projects, which is not surprising because one is unlikely
to make serious errors in this case, as most potential projects will be accepted.
However, the loss from the QD method rises rapidly for project costs of about
375 dongs per square meter; at a unit cost of about 450 dongs, the entire project
benefit is lost when project selection is based on the QD method.

Figure 4a plots the loss under the QD method against the unit cost. Figure 4b
plots the loss under the QD method against the proportion of projects accepted
under the sc rule that is a decreasing function of the unit cost. The sharp in-
crease in the loss from the QD method starts to set in at a point when less than
half of all projects should be accepted under the sc rule. The realized net ben-
efits under the QD method fall to zero when about one third of the projects should
be accepted or, alternatively, at a point where about one fifth of all projects would
be accepted under the QD decision rule.

We have said much about the potential benefits of adopting the sc method
but little about its costs. Integrated household surveys, such as the VNLSS, can
seem expensive propositions. For example, depending on how one accounts for

17. Note that columns 3 and 5 in table 6 give average net benefits, averaged over all accepted projects.
To obtain total benefits it is therefore necessary to multiply columns 3 and 5 by columns 2 and 4, re-
spectively. The percentage of benefits lost from using the QD method given in column 6 reflects ac-
cepted projects that should have been rejected and rejected projects that should have been accepted.
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TABLE 6. Overall Ex Post Assessment of the Quick and Dirty Method

QD rule

Average net Loss
Projects on benefit realized sc from

which the for projects Average using QD

rules agree Projects accepted under Projects net benefit instead

(percentage of accepted QD rule accepted per m2 of sc

Cost all projects) (%) (dongs per M2) (%) (dongs )

(dongs per m2) (1) (2) (3) (4) (5) (6)

200 91.80 64.97 216.08 68.15 212.32 2.97

250 91.17 64.97 166.08 61.09 183.88 3.94

300 85.71 64.97 116.08 52.36 160.34 10.16

350 95.35 46.77 122.30 45.94 129.48 3.82

400 69.52 18.70 49.43 41.15 91.52 75.46

425 69.12 18.70 24.43 38.00 73.05 83.55

450 68.38 18.70 -0.57 32.85 57.46 100.57

475 69.89 18.70 -25.57 25.66 44.95 141.47

500 73.47 18.70 -50.57 17.40 35.21 254.41

Notes: For all projects accepted, benefits are evaluated using the sc estimates and expressed on a
per m2 basis. Column 6 = 1-[column 2xcolumn 3]/[column 4xcolumn 5].

Source: Authors' calculations.

various inputs (such as jeeps and computers that will continue to be used after
data collection), the 1992-93 VNLSS cost between US$500,000 and US$1 mil-

lion. However, our results suggest that this outlay is dwarfed by the potential
benefits from using the sc method for project selection.1 8 Let us assume that the
VNLSS cost $1 million, the upper bound of estimates. Let us also assume a low
project unit cost of 200 dongs per square meter. Under these conservative as-

sumptions, we calculate that the realized benefit from using better data to select
projects would be sufficient to cover the cost of data collection when irrigating

as much as only 3 percent of currently nonirrigated arable land in Vietnam. Of

course the data would also have other benefits.

III. CONCLUSIONS

Ex post evaluations often find that realized benefits from irrigation projects are

less than had been predicted at the appraisal stage (Carruthers and Clark 1983).

Problems in project implementation are usually blamed. But errors in appraisal and

project selection may also explain the gap between ex ante and ex post evaluation

results. Extensions of the type of analysis in this article to other settings would be
needed to fully test that hypothesis. Although it would in many respects be more

difficult than our stylized case study, it would also be desirable to apply similar

methods to the evaluation of appraisals for specific projects subsequently imple-

18. The total benefit from using the sc method is simply the loss per square meter from using the QD

method. The total benefit is given in table 6 by (column 4 x column 5) - (column 3 x column 2) for a

given project unit cost times the project size (that is, multiplied by the size of the project in square meters).



FIGURE 4. The Percentage Loss from Using the Quick-and-Dirty Method
Instead of the Slow-and-Clean Method for Project Appraisal
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mented. More ex post analyses are also needed, explicitly aimed at testing findings
like ours and other common hypotheses to explain worse than expected outcomes.19

We have provided an experiment in assessing how much a common "quick-and-
dirty" method that ignores heterogeneity in project impacts might distort the ap-
praisal. To do this, we have compared the method to a more arduous "slow-and-
clean" approach and assessed what benefits can be expected from the extra effort
needed to implement the latter approach. As in all empirical research, our results
are to some extent data-specific. However, there has been so little research into the
benefits of doing more thorough ex ante project evaluations that even one case study
can be instructive. There do appear to be some potential lessons for other settings.

Estimation of the marginal benefit function on national data can help guide in-
formation gathering for irrigation project appraisals as well as for improving the
design of the projects in a specific country or region. For example, the findings for
Vietnam suggest that simultaneously investing in the education of irrigation project
households found to be lacking in human capital would tend to increase the impact
of irrigation investments on average yields, as well as to make them more pro-poor.

We find that at the national level in Vietnam, QD mean benefits are similar to
sc mean benefits. At the regional level, there is greater variation. One cannot
determine a priori whether the QD method would over- or underestimate sc mean
benefits, and our empirical results show that there is no tendency for QD to only
over- or underestimate the sc benefits.

Our results indicate that the QD method overestimates the progressivity of a
policy of irrigation expansion in Vietnam. The QD results suggest a more pro-
poor distribution of gains than the sc method. This difference occurs when we
define gains as the benefit per square meter, as well as when we take into ac-
count the existing distribution of land and access to irrigation. The QD method
ignores household and regional heterogeneity, and the poor have characteristics
that reduce the gains relative to the mean.

We find that the QD method rejects some projects that should have been ac-
cepted, and accepts some that should have been rejected. We used the sc method
to evaluate the realized benefits when project selection is based on the QD method,
and compared the results to the benefits realized when the sc method is used for
project selection. The comparison suggests that the QD method entails only small
losses when project unit cost is low, and hence most potential projects are easily
accepted. However, the loss from the QD method rises sharply at medium to high
project cost levels. Indeed, at unit costs at which about one third of the potential
projects should be accepted (and would yield large net benefits), the QD method
incorrectly chooses enough projects to wipe out the realized benefits.

Although a potentially profitable set of projects exists in our experiment, selec-
tion based on a method that ignores impact heterogeneity realizes a net loss. The
savings from the more data-intensive method are sufficient to cover the costs of its

19. For example, another common hypothesis put forward to explain overestimation of benefits by

irrigation appraisals is that technical coefficients used to determine yields assume full adoption of tech-

nical packages by farmers. This does not appear to happen frequently, although it is often unclear why.

The VNLSS survey is unable to throw light on this issue.
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extra data requirements (even ignoring other benefits from the data) for projects
irrigating more than 3 percent of unirrigated land. This case study suggests that
unless project size and cost are small or distributional impacts are irrelevant, there
can be large social benefits to investing in more thorough evaluations.
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New Tools in Comparative Political Economy:
The Database of Political Institutions

Thorsten Beck, George Clarke, Alberto Groff,
Philip Keefer, and Patrick Walsh

This article introduces a large new cross-country database, the Database of Political

Institutions. It covers 177 countries over 21 years, 1975-95. The article presents the

intuition, construction, and definitions of the different variables. Among the novel

variables introduced are several measures of checks and balances, tenure and stability,
identification of party affiliation with government or opposition, and fragmentation

of opposition and government parties in the legislature.

Research into the institutional and political roots of government decisions has
accelerated rapidly in the past 20 or more years. However, cross-country em-
pirical work has been handicapped by a lack of detailed data on countries' po-
litical and institutional characteristics and on how they change over time. There-
fore, comparative political economy has been restricted to small-sample case
studies, which are important in their own right but impose unavoidable limits
on researchers seeking to generalize their results beyond the case study sample.

The lack of data has been a serious obstacle to better understanding of nu-
merous areas of political economy, particularly the political conditions under
which governments choose policies that promote rather than retard economic
development. We are still far away from the answers to two fundamental ques-
tions. First, which political institutions are most conducive to development and

reform? Second, under what conditions do such institutions emerge? Unfortu-

nately, cross-country data that could help to answer these questions, data that

would provide a disaggregated picture of a country's political institutions and

operations, have been scarce. In this article we introduce a new data set that fills

many of these data gaps, the Database of Political Institutions (DPI). It has been

compiled in the Development Research Group of the World Bank, but it rests

on an intellectual foundation laid by a large body of political economy research.

The DPI contains 108 variables for 177 countries over the years 1975-95

(see the appendix). The variables provide details about elections, electoral rules,
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type of political system, party composition of the opposition and government
coalitions, and the extent of military influence on government. The DPI also
contains a number of new variables compiled from the raw data, including origi-
nal measures of checks and balances and political stability. In contrast to other
databases, these variables are nearly all objective and their construction is en-
tirely transparent. They are also disaggregated, allowing researchers to get away
from such useful but broad indicators as whether countries allow elections,
whether elections are "free," or whether the executive is "constrained." In-
stead, the DPI allows researchers to use precise and concrete institutional fea-
tures of countries and to combine them in ways appropriate for theoretical
analysis.

The remainder of the article and the appendix provide details on sources and
collection methodology. The database is described in more detail in Beck and
others (2000).'

I. THE POLITICAL SYSTEM AND ELECTORAL COMPETITIVENESS

Two fundamental characteristics of a political system are the relationship of the
executive and legislative branches and the competitiveness of elections of the
political actors who occupy these branches. The DPI has information on both.
With regard to the first, the variable SYSTEM was created to capture whether coun-
tries are presidential, assembly-elected presidential, or parliamentary (see the chief
executive variables in the appendix). For countries with both a president and a
prime minister, the decision whether to call the system presidential or parlia-
mentary is based on the power that the president has relative to the prime min-
ister. Our criteria were taken, with some modification, from the literature (for
example, Shugart and Carey 1992).2 However, as with the other variables in this
database, the criteria on which we base this decision are stated explicitly, allow-
ing researchers to determine more easily the adequacy of variables to their test-
ing requirements.

The database also contains two indexes that characterize the competitiveness
of elections in countries, one for executive elections and one for legislative elec-
tions. The core of the two indexes is the number of parties that could and did
compete in the last election. Building on work by Ferree and Singh (1999), we
scale countries as follows:

1. No executive/legislature
2. Unelected executive/legislature
3. Elected, one candidate
4. One party, multiple candidates

1. The database will be put on a Web site. Until then, the extended working paper, codebook, and
database can be obtained by sending e-mail to Paulina Sintim-Aboagye at psintimaboagye@worldbank.org.

2. For example, we place less weight on the nonlegislative powers of the president, such as the for-
mal right to choose cabinet members.
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5. Multiple parties are legal, but only one won seats (because other parties

did not exist, compete, or win seats)
6. Multiple parties competed and won seats (but one party won 75 percent or

more of the seats)
7. The largest party received less than 75 percent of the seats.

Three other variables supplement these indexes. The first and second vari-
ables indicate whether the chief executive and the minister of defense, respec-

tively, are military officers. The third records whether our sources mention voting
irregularities or candidate intimidation that is serious enough to affect electoral

outcomes. Nonconstitutional irregularities are also recorded as present when
important parties boycott elections or the election results.

II. PREFERENCES AND PARTIES

For most political economy questions, the main concern is not only the struc-

ture of political decisionmaking but also the policy preferences or ideological
leanings of decisionmakers. For many countries of the world, however, such

information is not available, not germane, or not a reliable indicator of the pref-
erences of decisionmakers.

A starting point for any analysis that requires the preferences of the policy-
makers is the party identification of the decisionmakers. Our data set identifies

the party of the prime minister and/or president, the three largest parties in the
government coalition, and the largest party in the opposition. In addition, our

sources provide useful information for some countries about the policy prefer-

ences of key decisionmakers on five dimensions: economic, nationalistic, regional,

rural, and religious. The first dimension refers to preferences regarding more or
less state control of the economy-the standard left-right scale. The other di-

mensions-reported as zero/one dummies-do not necessarily correlate with each
other or with the economic dimension. Coverage is far from exhaustive, unfor-
tunately, but constitutes the most comprehensive characterization of parties and
decisionmakers that could be extracted from the sources we used.

III. TENURE, TURNOVER, AND THE SHARE OF THE POPULAR VOTE

OF THE CHIEF EXECUTIVE AND THE CHIEF EXECUTIVE'S PARTY

A key hindrance to development is the tendency of many political leaders to make

opportunistic decisions that entail long-run costs to society that outweigh short-
run benefits. Leaders with shorter horizons in office are more likely to find such

choices to be worthwhile, and there is evidence suggesting that this effect is sig-
nificant, at least in less democratic countries (Clague and others 1996, Alesina
and others 1996). The DPI presents indicators of the turnover and tenure of gov-
ernments, and it provides opportunities to circumvent several ambiguities that
arise when using existing data.
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First, this data set presents indicators of whether there are constitutional re-
strictions on executive terms and whether sitting executives can be reelected.
Second, executives with more popular support can be expected to have a longer
horizon. We therefore record the share of votes that presidents received in their
last election and the share of votes of the prime minister or president's party.
Third, it would be expected that stronger parties would rein in party members
who happen to have shorter horizons. The DPI therefore reports the number of
years that the party of the executive has been in office (independent of the par-
ticular executive who has represented the party) and how long the party has
existed under its current name.

Finally, the DPI records whether parties are in the government coalition and
whether the party of the executive controls the lower house. Based on this infor-
mation, the data set contains two new variables on government stability-STABS
and STABNs-that capture the extent of turnover of a government's key decision-
makers in any year. The two variables are calculated by dividing the number of
exits between year t and year t + 1 by the total number of veto players in year t.
Veto players are defined as the president and the largest party in the legislature
for a presidential system and as the prime minister and the parties in the govern-
ment coalition for a parliamentary system.

The DPI also has several variables that provide different perspectives on ten-
ure. It includes the tenure of the veto players who have been in office the longest
and the shortest periods of time, assuming multiple veto players. It also includes
the tenure of the political system-the length of time executive elections have
been competitive (where "competitive" means at least a six for the executive index
of electoral competitiveness). If elections have not been competitive, the vari-
able indicates how long the executive has been in office.

IV. THE LEGISLATURE

The role of the legislature in the political process is influenced not only by consti-
tutional restrictions on the scope of its initiative and veto authority but also by its
composition and the relative strength of government and opposition coalitions.
The data set introduced here allows for the calculation of the traditional measure
of legislative fragmentation. Our sources also allowed us to identify which parties
were inside and outside of the governing coalition. We created variables that record
separately the fragmentation of the government coalition and the opposition. The
correlation of government and opposition fragmentation measures is only 0.27
(for all countries and all years), suggesting that average fragmentation for the entire
legislature is likely to be misleading for many purposes.

V. ELECTORAL RULES

The incentives of political decisionmakers and their ability to act independently
of each other depend in large measure on the electoral rules under which they
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operate. Among other effects, electoral rules influence whether candidates have
an incentive to pursue individual or party interests, whether small and single-
interest parties have an incentive to coalesce or to remain independent, and
whether party leaders exercise significant or weak influence on party candidates
(see Cox and McCubbins 2001).

One electoral rule that affects responsiveness to narrow interests is the mean
district magnitude (given as MDMH for the House of Representatives and MDMS

for the Senate in the section on electoral rules in the appendix). The database
defines MDM as the average number of representatives elected by each electoral
district in a country. A second electoral characteristic that the data set captures
is whether the districts of the upper house are states or provinces.

Voting rules are a third aspect of electoral rules. The DPI records whether leg-
islators are elected using majority or proportional representation systems. For
proportional systems, the data set records whether there is a threshold that par-
ties have to overcome to gain any seats in the legislature. And it records whether
the D'Hondt system, which is less favorable to small parties, is used to calculate
the number of seats that each party receives. The DPI also contains a variable
that records whether the country has an open or closed-list electoral system. The
DPI classifies a system as closed if voters cannot express preferences within a list-
that is, if the position on a party's candidate list combined with the number of
votes received by the party is the sole determinant of whether a candidate is
elected.

The DPI provides some (albeit scant) information on the candidate selection
process. Where possible, the data set includes a variable that reflects whether
selection takes place on the national level, the subnational level, or by primary
election. Finally, the DPI records the month when presidential or parliamentary
elections were held.

VI. CHECKS AND BALANCES

A key element in the description of any political system is the number of decision-
makers whose agreement is necessary before policies can be changed. The DPI
significantly extends one existing measure of checks and balances and introduces
new measures and the possibility of constructing others.

Building on work by Roubini and Sachs (1989), we constructed the index of
political cohesion, which records whether the same or different parties control
the executive branch and the legislature in presidential systems. For parliamen-
tary systems, the index records whether there is a minority government or a
coalition of one, two, three, or more parties controlling the government. The
index of political cohesion does not distinguish countries according to the effec-
tiveness of electoral checks on government decisionmakers or according to elec-
toral rules that influence party control over members. To adjust for these cir-
cumstances, the DPI includes two new variables, CHECKSi and CHECKS2 (see the
section on stability and checks and balances in the appendix).
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These variables count the number of veto players in a political system, ad-
justing for whether these veto players are independent of each other, as deter-
mined by the level of electoral competitiveness in a system, their respective party
affiliations, and the electoral rules. If the legislative index of electoral competi-
tiveness is less than four, the two measures are set equal to one because, re-
gardless of the formal constitutional arrangements in a system, where legisla-
tive elections are uncompetitive, constitutional checks on officials are unlikely
to be binding. For all other countries, the variable CHECKSI is increased by the
number of veto players in the system.3 In presidential systems, it is increased
by one for the president and one for each legislative chamber. However, if elec-
tions are conducted under closed-list rules and the president's party is the largest
government party in a particular chamber, then the DPI assumes that the presi-
dent exercises substantial control over the chamber and it is not counted as a
check. For parliamentary systems, CHECKSI is increased by one for the prime
minister and by one for each party in the government coalition, including the
prime minister's own party. However, if it is a closed-list system and the prime
minister's party is the largest in the government coalition, then this sum is re-
duced by one.

The extent to which one political decisionmaker might act as a check on
another depends in part on the similarity of their policy preferences. To take
into account the policy orientation of parties, we created a second checks-and-
balances variable, CHECKS2. CHECKS2 has the value of CHECKSI plus one for
every veto player (defined as the largest government party in the legislative
chamber in presidential systems and as all coalition members in parliamentary
systems) whose orientation (left, right, or center) is closer to the opposition's
orientation than to the average of the rest of the government. The opposition's
orientation is given by the orientation of the largest opposition party.

VII. FEDERALISM

Subnational political structure affects national-level policymaking in numerous
ways. First, subnational units may have veto power over national-level policy
decisions. Second, they may exert pressure for greater (or at least different) lev-
els of redistribution than would otherwise be the case. Third, subnational units
may affect the cohesiveness of national parties, which struggle for positions in
both subnational and national jurisdictions, although the distribution of voter
preferences in the two could be quite distinct.

The DPI contains several variables that capture the extent of federalism in a
country's political structure. One indicates whether the country has contiguous
autonomous or self-governing regions. A second dimension of information on

3. The values of CHECKS1 and CHECKS2 are nearly invariant to the use of the executive or legislative
index of electoral competitiveness.
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subnational governments is whether the local executive and legislature are lo-
cally elected. This variable is zero if neither is locally elected, one if one of the
two is locally elected, and two if both are directly and locally elected. We also
investigated, with limited success, whether municipal governments were locally
elected. The third dimension on which we attempted to collect information is
the jurisdiction of local governments. We asked whether the states or provinces
had authority over taxing, spending, or legislating.

VIII. SOURCES AND DATA COLLECTION

There were two main sources of data for this project, each used for a different
time period. For 1975-84, we consulted The Europa Year Book (various years).
For 1985-95, we used Banks's Political Handbook of the World (various years).
We used The Europa Year Book for the latter time period to plug topical gaps in
coverage, mostly for electoral rule and constitutional framework variables. The
consistency of data between these two periods was extensively checked. We took
information on electoral rules mostly from the Web site of the International Par-
liamentary Union (PARLINE, www.ipu.org/parline-e.parlinesearch.asp). We ob-
tained information on party orientation from a European Web site maintained by
Agora Telematica (www.agora.stm.it/elections/parties.htm). We also cross-checked
party orientation against information in Political Parties of Africa and the Middle
East: A Reference Guide (1993) and Political Parties of Eastern Europe, Russia,
and the Successor States: A Reference Guide (1994).

IX. CONCLUSION

This database is the product of an effort to bring systematic, cross-country in-
formation on political institutions within easy reach of researchers investigating
comparative political economy. We have found no other source of information
that provides as much objective data on these issues. We hope that the DPI will
help illuminate a wide range of questions, from the determinants of democratic
consolidation, the political conditions for economic reform, and the political and
institutional roots of corruption to the appropriate and institutionally sensitive
design of economic policy recommendations.

APPENDIX. VARIABLES IN THE DATABASE

OF POLITICAL INSTITUTIONS

General Variables

COUNTRYC Country code
IFS International Financial Statistics code
YEAR Year
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Chief Executive Variables

SYSTEM Direct presidential (0); strong president elected by assembly (1);
parliamentary (2)

YRSOFFC Number of years in office
FINITTRM Is there a finite term in office? (1 if yes, 0 if no)
YRCURNT Years left in current term
MULTPL? If there are formal restraints on the term (NA if not), can the

chief executive serve multiple terms?
MILITARY Is the chief executive a military officer?
DEFMIN Is the defense minister a military officer?
PERCENTI Percentage of votes the president got in the first/only round
PERCENTL Percentage of votes the president got in the final round
PRTYIN Length of time (years) the chief executive's party has been in

office

Chief Executive's Party

EXECME Name of party, if any
EXECRLC Orientation: right (R); left (L); center (C); not applicable (0)
EXECNAT Nationalist (1 if yes)
EXECRURL Rural (1 if yes)
EXECREG Regional (1 if yes)
EXECME Religion: not specified (1); Christian (CH); Catholic (CA); Is-

lamic (IS); Hindu (HD); Buddhist (BD); Jewish (JW); other (0)
EXECAGE Length of time (years) since the party was formed under this

name
ALLHOUSE Does the party of the chief executive control all relevant houses?
NONCHIEF In systems with both a nonceremonial prime minister and a presi-

dent, what is the party affiliation of the one not called the chief
executive?

Party Variables in the Legislature

HERFGOV Herfindahl index for government
GOVFRAC Government fractionalization (the probability that two random

draws would produce legislators from different parties)
NUMGOV Number of government seats

Largest Government Party

IGOVME Name
IGOVSEAT Seats
IGOVRLC Orientation: right (R); left (L); center (C); not applicable (0)
1GOVNAT Nationalist (1 if yes)
IGOVRURL Rural (1 if yes)
IGOVREG Regional (1 if yes)
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IGOVREL Religion: not specified (1); Christian (CH); Catholic (CA); Is-
lamic (IS); Hindu (HD); Buddhist (BD); Jewish (JW); other (0)

IGOVAGE Length of time (years) since the party was formed under this
name

Second-Largest Government Party

2GOVME Name
2GOVSEAT Seats
2GOVRLC Orientation: right (R); left (L); center (C); not applicable (0)
2GOVNAT Nationalist (1 if yes)
2GOVRURL Rural (1 if yes)
2GOVREG Regional (1 if yes)
2GOVREL Religion: not specified (1); Christian (CH); Catholic (CA); Is-

lamic (IS); Hindu (HD); Buddhist (BD); Jewish (JW); other (0)
2GOVAGE Length of time (years) since the party was formed under this name

Third-Largest Government Party

3GOVME Name
3GOVSEAT Seats
3GOVRLC Orientation: right (R); left (L); center (C); not applicable (0)
3GOVNAT Nationalist (1 if yes)
3GOVRURL Rural (1 if yes)
3GOVREG Regional (1 if yes)
3GOVREL Religion: not specified (1); Christian (CH); Catholic (CA); Is-

lamic (IS); Hindu (HD); Buddhist (BD); Jewish (JW); other (0)
3GOVAGE Length of time (years) since the party was formed under this

name
GOVOTH Number of other government parties
GOVOTHST Number of other government party seats
HERFOPP Herfindahl index for opposition
OPPFRAC Opposition fractionalization (the probability that two random

draws would produce legislators from different parties)
NUMOPP Number of opposition seats

Largest Opposition Party

1OPPME Name
1 OPPSEAT Seats held
IOPPRLC Orientation: right (R); left (L); center (C); not applicable (0)
1OPPNAT Nationalist (1 if yes)
IOPPRURL Rural (1 if yes)
IOPPREG Regional (1 if yes)
IOPPREL Religion: not specified (1); Christian (CH); Catholic (CA); Is-

lamic (IS); Hindu (HD); Buddhist (BD); Jewish (JW); other (0)
OPPAGE Length of time (years) since the party was formed under this name



174 THE WORLD BANK ECONOMIC REVIEW, VOL. 15, NO. I

Second-Largest Opposition Party

2OPPME Name
2OPPSEAT Seats

Third-Largest Opposition Party

3OPPME Name
3OPPSEAT Seats
OPPOTH Number of other opposition parties
OPPOTHST Number of other opposition party seats
ULPRTY Number of parties nonaligned or with allegiance unknown
NUMUL Seats nonaligned or with allegiance unknown
HERFTOT Herfindahl index total
FRAC Total fractionalization (the probability that two random draws

would produce legislators from different parties)
OPPMAJH Does one opposition party have the majority in the House?
OPPMAJS Does one opposition party have the majority in the Senate?

Details on the Legislature

DATELEG When were legislative elections held (number records month; 13
indicates unknown month)

DATEEXEC When were executive elections held (number records month; 13
indicates unknown month)

MAJ Majority (number of government seats divided by total seats)
PARTYAGE Average age of parties
LEGELEC Is there a legislative election? (1 if yes)
EXELEC Is there an executive election? (1 if yes)
EXECSPEC Is executive party special interest?
GOVSPEC Is first government party special interest?
COALSPEC Are any coalition parties special interest?

Electoral Rules

LIEC Legislative index of political competitiveness
EIEC Executive index of political competitiveness
MDMH Mean district magnitude (House)
MDMS Mean district magnitude (Senate)
S/S+H Number in Senate /(number in house + number in Senate)
PLURALTY Plurality? (1 if yes, 0 if no)
PR Proportional representation? (1 if yes, 0 if no)
HOUSESYS If plurality and proportional representation, which governs the

majority or all of the House seats? (1 if plurality, 0 if proportional)
SENSYS If plurality and proportional representation, which governs the

majority or all of the Senate seats? (1 if plurality, 0 if proportional)
THRESH What is the vote threshold for representation?
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DHONDT Is the D'Hondt system used? (1 if yes, 0 if no)
CL Are closed lists used? (1 if yes, 0 if no)
SELECT Candidate selection: national (1); subnational (2); primary (3)
FRAUD Were vote fraud or candidate intimidation serious enough to

affect the outcome of the most recent elections?

Stability and Checks and Balances

TENLONG Longest tenure of a veto player
TENSHORT Shortest tenure of a veto player
TENSYS Tenure of system of government if democratic; tenure of chief

executive otherwise
IPCOH Index of political cohesion (based on Roubini and Sachs 1989)
CHECKSI Number of veto players
CHECKS2 CHECKS2 = CHECKS1 + 1 for each veto player whose orientation is

closer to the opposition than to the government
POLARIZ Maximum difference of orientation among government parties

(0-2)
STABS Percentage of veto players that dropped from government be-

tween year t and year t+1 (assume Senate, if it exists, also changes)
STABNS Percentage of veto players that dropped from government between

year t and year t+1 (assume Senate, if it exists, did not also change)

Federalism

AUTON Are there autonomous regions?
MUNI Are the municipal governments locally elected?
STATE Are the state or province governments locally elected?
AUTHOR Do subnational governments have extensive taxing, spending,

or regulatory authority?
STCONST Are the constituencies of the senators states/provinces?
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