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Summary of the thesis
The thesis consists of four self-contained papers.

Paper 1:

Social Con�ict, Fractionalization, and Polarization

We develop a con�ict model linking con�ict intensity to the distribution of the population

over an arbitrary number of groups. We extend the pure contest version of the model by

Esteban and Ray (1999: "Con�ict and Distribution", Journal of Economic Theory, 87(2): 379-

415) to include a mixed public-private good. We analyze how the level of dissipation changes

as the population distribution and the share of publicness of the prize change. In contrast

to Esteban and Ray (2011: "Linking Con�ict to Inequality and Polarization", American

Economic Review, 101(4): 1345�74), we do not assume that the probability of winning equals

group size. First, we characterize how the global maximum varies with the degree of publicness

of the prize. Second, we �nd that, in case of pure private goods, the con�ict-distribution

relationship resembles the fractionalization index. Finally, we �nd that smaller groups always

contribute more and so the fractionalization index underestimates their weight. Indeed, we

�nd that the fractionalization index underestimates the true level of con�ict.

Paper 2:

Land Property Rights and International Migration: Evidence from Mexico

In this paper we ask whether there is a relationship between land property rights and

international migration. In order to identify the impact of property rights, we consider a

country-wide land certi�cation program that took place in Mexico in the 1990s. Our identi�-

cation strategy exploits the timing of the program and the heterogeneity in farmers�eligibility

for the program. Comparing eligible and ineligible households, we �nd that the program in-

creased the likelihood of having one or more members abroad by 12 percent. In terms of

number of migrants, our coe¢ cient estimates explain 31 percent of the 1994-1997 increase

in migrants from ejido areas and 16-18 percent of the increase from the entire Mexico. We

contribute to the current debate on the determinants of Mexican emigration (Hanson 2006,

2



Hanson and McIntosh 2009, Hanson and McIntosh 2010). Consistent with our theoretical

model, the impact is strongest for households without a land will.

Paper 3:

Local Elections and Corruption during Democratization: Evidence from Indonesia

In this paper we ask whether the direct election of the local government increases account-

ability and decreases corruption. In order to identify the causal e¤ect of direct elections, we

exploit the gradual introduction of local elections in Indonesia and a novel dataset of corrup-

tion events that covers all districts during the period 1998-2008. We �nd that direct elections

increase the number of corruption crimes by about half the pre-election average. We also �nd

that embezzlement practices dominate all other types of corruption activities.

Paper 4:

Resource Windfalls and Public Goods: Evidence from a Policy Reform

In this paper, we outline an empirical approach for understanding whether natural resource

windfalls have a positive or negative impact on local governments�provision of public goods.

The literature on the curse of natural resources suggests that resource windfalls might not

necessarily lead to good economic outcomes and that rents might be squandered in corruption

and rent seeking. In order to identify the impact of natural resources on local government

behavior, we exploit a country-wide �scal decentralization reform in Indonesia, providing

producing provinces a direct share of resource revenues. Our identi�cation strategy is to

compare villages along the border of three producing provinces in Sumatra and Kalimantan

before and after the legislative change. Detailed descriptive statistics on district government

budgets con�rm the goodness of the research design. Regression analysis on a wide range of

public goods suggests that the revenue windfall had a positive impact on the prevalence of

high schools and various other public goods. We �nd no evidence of a resource curse.
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Social Con�ict, Fractionalization, and Polarization

Michele Valsecchi�

University of Gothenburg

First version: April 2010

This version: September 2012

Abstract

We develop a con�ict model linking con�ict intensity to the distribution of the pop-

ulation over an arbitrary number of groups. We extend the pure contest version of the

model by Esteban and Ray (1999: "Con�ict and Distribution", Journal of Economic The-

ory, 87(2): 379-415) to include a mixed public-private good. We analyze how the level

of dissipation changes as the population distribution and the share of publicness of the

prize change. In contrast to Esteban and Ray (2011: "Linking Con�ict to Inequality and

Polarization", American Economic Review, 101(4): 1345�74), we do not assume that the

probability of winning equals group size. First, we characterize how the global maximum

varies with the degree of publicness of the prize. Second, we �nd that, in case of pure

private goods, the con�ict-distribution relationship resembles the fractionalization index.

Finally, we �nd that smaller groups always contribute more and so the fractionalization

index underestimates their weight. Indeed, we �nd that the fractionalization index un-

derestimates the true level of con�ict.

Key words: ethnic diversity, public-private goods, polarization, fractionalization.

JEL Classi�cation codes: D72, D73, D74, H42.

�Email: michele.valsecchi@economics.gu.se. I am indebted to Ola Olsson and Mario Gilli for many useful
discussions. I have bene�ted from comments by Francesco de Sinopoli, Masayuki Kudamatsu and Måns
Söderbom. I am grateful to Debraj Ray for comments on an earlier draft. I am also grateful to seminar
participants at the University of Gothenburg, the "Global costs of con�ict" workshop 2010 at DIW Berlin, and
the CSAE 2010 conference in Oxford. I ackowledge �nancial support from Adlerbertska stipendiefonden and
Paul och Marie Berghaus donationsfond. All remaining errors are my own.
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1 Introduction

This paper draws inspiration from the mixed �ndings on the e¤ects of ethnic diversity on con-

�ict and economic outcomes: ethnic fractionalization a¤ects negatively economic performance

(Easterly and Levine (1997)), while ethnic polarization does not (Alesina, Devleeschauwer,

Easterly, Kurlat, and Wacziarg (2003)); ethnic polarization has a negative e¤ect on civil war

incidence, while ethnic fractionalization does not (Montalvo and Reynal-Querol (2005)).1 The

sensitiveness of these relationships to the index used to capture ethnic diversity may inform

us as to the mechanisms through which they work. The research questions we tackle in this

paper are: which sorts of distributions are associated with high levels of con�ict? Does the

con�ict-distribution relationship resemble the fractionalization or polarization index? In or-

der to answer these questions, we develop a behavioral model linking societal con�ict to the

distribution of a population across groups and also investigate how societal con�ict changes

as the population distribution changes.

We conceive societal con�ict as a situation where in presence of weak institutions (absence

of checks and balances, absence of elections, or ine¢ ciency of elections to discipline politicians)

and in absence of a well-de�ned and agreed-upon collective decision rule, individuals incur

costs to capture their most preferred outcome. The concept encompasses both rent-seeking

behavior, i.e., lobbying, and open con�ict. We study a simple rent-seeking model with an

arbitrary number of groups. The characteristic feature of this class of models is the diversion

of resources from productive activities.

The model borrows largely from the pure contest version of the model by Esteban and

Ray (1999) (henceforth ER1999), who investigate the relationship between con�ict and dis-

tribution. Since the properties of their model resemble closely those of the polarization index,

one way to answer our research questions is to extend it in a way that makes the properties

1Magnitude and signi�cance of these relationships are, to a certain extent, sensitive to the source of data
on ethnicity and con�ict. Alesina and Ferrara (2005) and Blattman and Miguel (2010) discuss these and
other related issues. See also Valsecchi (2010) for some sensitivity tests on these relationships. Campos and
Kuzeyev (2007), Ahlerup and Olsson (2012), Spolaore and Wacziarg (2009), and Michalopoulos (2012) study
the determinants of ethnic diversity. Fearon (2003), Caselli and Coleman (2006), and Esteban and Ray (2008)
explain why ethnic diversity may be particularly salient.
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of the model resemble the fractionalization index for some parameter values, and those of the

discrete polarization index for some others. By doing so, the model should suggest which

features drive the change in the properties and which ones do not matter. The main novelty

with respect to their model is the speci�cation of the prize. Within the winning group, part of

the outcome is a public good and that is enjoyed in the same quantity by all group members,

regardless of their number; another part is private, in the sense that it has to be shared among

group members, which means that the per capita share shrinks with group size.

A recent work by Esteban and Ray (2011) extends the framework of ER1999 along similar

lines.2 They �nd that a monotone transformation of the equilibrium level of con�ict is a func-

tion of the Gini coe¢ cient, the fractionalization index, and the polarization index. However,

in order to reach this result, they have to assume that one of the endogenous variables (win-

ning probabilities) equals one of the parameters (group size). The main di¤erence between

their paper and ours is that we do not impose this assumption. In the spirit of ER1999, the

link between the theory and the indexes in our paper is based on the comparison between the

properties of the model (our comparative statics) and the properties of the indexes.

We settle the existence and uniqueness of the equilibrium (Proposition 1) and we turn

to the properties of the model. Our �rst observation is that, in case of two groups, con�ict

is always maximized when the population is uniformly distributed across them (Proposition

2.1). Our second observation is that, over the set of uniform distributions, the number of

groups maximizing con�ict decreases with the degree of publicness of the prize (Proposition

2.2). This property already suggests that the modeling choice regarding the prize at stake

has a bite.

We characterize more precisely the relationship between the model and the indexes when

the prize is a pure private good. In this case the model shares most of the properties of the

fractionalization index (Proposition 3). This reinforces the theoretical grounds for the use of

this index in empirical applications. In light of existing empirical evidence and earlier �ndings

by ER1999, it also suggests that the key di¤erence between the mechanism through which

ethnic diversity a¤ects economic performance and the incidence of civil wars is the nature of
2We explain the di¤erences between their model and ours in Section 3.
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the prize at stake.

The model in the present paper is more �exible than the fractionalization index since

it allows members of di¤erent groups to devote di¤erent contributions. Therefore we ask:

Do all groups devote the same per capita contributions or do some contribute more than

others? We �nd that members of smaller groups always contribute more (Proposition 4).

Thus, the fractionalization index systematically underestimates the weight of smaller groups

in the creation of con�ict. Indeed, we �nd that, in a special case, the fractionalization index

underestimates the true level of con�ict (Proposition 5).

2 Diversity: measures and properties

The fractionalization index is the probability that any two randomly chosen individuals belong

to di¤erent ethnic groups. Let the size of a generic group be denoted by ni and the entire

population be normalized to unity
�
GP
i=1
ni = 1

�
: Then the fractionalization index is:3

F =

GX
i=1

ni (1� ni) = 1�
GX
i=1

n2i :

It has the following properties:

1. for a given number of groups G, F is maximized at the uniform population distribution

over these groups;

2. over the set of uniform distributions, F increases with the number of groups;

3. the splitting of any group into two new groups increases F ;

4. any transfer of population to a smaller group increases F .

Since the impact of a split (3) on the index depends neither on the size of the group that

is split nor on the distribution of the other groups, the index is said to be local. Properties

3The index has two theoretical backgrounds: one is the Gini coe¢ cient (the fractionalization index can be
seen as its sempli�cation), and the other is the Her�ndal index (the fractionalization index is its complement).
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3 and 4 imply that it is always possible to break down a transfer into a sequence of smaller

transfers, all changing the index in the same direction. For this reason the index is said to be

monotonic.

The discrete polarization index is a simpli�ed version of the polarization index introduced

by Esteban and Ray (1994).4 The expression for its discrete version (Q) is:

Q = 4
GX
i=1

�
n2i (1� ni)

�
;

where ni denotes the population share for group i and the population is normalized to unity:
GP
i=1
ni = 1:

It has the following properties:

1. for a given number of groups G, Q is maximized when the population is concentrated

in two equally sized groups only (bimodal symmetric distribution);

2. over the set of uniform distributions, Q decreases with the number of groups, provided

there are at least two groups to begin with;

3. the splitting of a group in two increases Q if and only if the initial group size was at

least 2/3;

4. a transfer of population to a smaller group increases Q if both groups are larger than

1/3. If both groups are smaller than 1/3, the transfer decreases Q.

Since the impact of a split (3) on the index depends on the size of the non-splitting

population, which is not directly associated with the change, the index is said to be global

(Esteban and Ray 1994:829). Properties 3 and 4 imply that a population change cannot

necessarily be broken down into a sequence of changes having the same e¤ect on the index.

For this reason the index is said to be non-monotonic (Esteban and Ray 1994:829).
4Essentially, Reynal-Querol and Montalvo (2002) and Montalvo and Reynal-Querol (2005) simpli�ed the

expression for the general index to exclude the use of ethnic distances, normalized the index to unity to make
it easier to be interpreted, and chose a particular value of a polarization sensitiveness (see one of the paper for
details). Note that the main purpose of the latter was to provide an alternative to the Gini coe¢ cient in the
�eld of inequality measurement and that the fractionalization index constitutes a sempli�cation of the Gini
coe¢ cient itself.
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Note that in case G = 2, both measures reach their maximum in correspondence of the

uniform distribution (n1 = n2 = 1=2) and transfers from big to small groups increase both

indexes.5 The two indexes diverge more and more as the number of groups with positive

population shares increases (G � 3), since Q maintains its maximum in correspondence of

the bimodal distribution (population concentrated in any two groups with equal population

shares ni = nj = 1=2), while the maximum for F becomes the uniform distribution over all

groups.

3 The model

We provide a behavioral model linking con�ict to the distribution of the population over a

set of groups. We consider the pure contest version of the model by ER1999. Individuals

belonging to di¤erent groups compete for the capture of a prize. We extend their model

by specifying a mixed public-private prize. This feature introduces an additional channel

through which group size determines the incentives of economic agents to contribute. Group

size determines the per capita share of the private component: the bigger the group, the

smaller the per capita share.6 Whether this means introducing the Pareto-Olson argument

into the model will be discussed later in the section.

Esteban and Ray (2011) also introduce a mixed public-private good in their 1999 frame-

work, along with varying intra-group cohesion and inter-group distances. They �nd that the

equilibrium level of con�ict is a linear function of the Gini coe¢ cient, the fractionalization

and the polarization index. In order to reach this �nding, they have to assume that one of the

endogeneous variables (the probability of winning) equals one of the parameters of the model

(group sizes). The main di¤erence between their paper and ours is that we do not impose

5 Indeed, Montalvo and Reynal-Querol (2002) show that, within the two-group case, even when group sizes
diverge, the two indexes continue to be proportional to each other.

6The mixed public-private prize has been used in a di¤erent framework by Esteban and Ray (2001). They
investigate the group members�ability to overcome the collective action model for di¤erent types of prize at
stake.
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this assumption.7 In the spirit of ER1999, we investigate the con�ict-distribution relation-

ship for varying degrees of publicness of the prize and the implications for the pattern of per

capita contributions across groups. In addition, we ask whether the indexes su¤er a system-

atic measurement error relative to the model-based relationship. In this respect, the paper is

complementary to Esteban and Ray (2011) as we provide an analytic result explaining some

of their numerical simulations.

In the same way as we take seriously the advantages of this class of model, we want to

remind its limits. First, we neglect the productive side of the economy. In this sense the

relationship between con�ict and distribution is a very reduced form. Although the marginal

cost of contributing is increasing and captures the rising opportunity cost of devoting resources

to a non-productive activity, the prize is exogenous and independent from the level of con�ict

in the society.8 Second, we assume a speci�c ratio contest success function.9 These modeling

choices are driven by reasons of tractability: allowing an arbitrary number of groups in the

society complicates the analysis considerably and we had to simplify other aspects of the

economy.

In Section 3.1 we describe the model and how it di¤ers from the literature. In Section

3.2 we settle the existence and uniqueness of the equilibrium. In Section 3.3 we analyze the

relationship between equilibrium con�ict and population distribution.

3.1 Description of the model

Agents. There is a unit mass of individuals distributed over the unit interval, where i indicates

the group and k indicates the individual. Individuals are distributed across G groups, each

with population ni; so that ni 2 (0; 1] and
GP
i=1
ni = 1.

7Their model considers also varying intra-group cohesion and inter-group antagonism. We �nd that ex-
tending our model along those lines would not add additional insight into the model. In fact, they �nd that
intra-group cohesion does not play a role and, for large enough populations, con�ict reduces to a weighted
average of the fractionalization and polarization indexes (i.e., the Gini coe¢ cient does not matter).

8There is a large con�ict literature considering the endogeneity of the prize of the contest (Gar�nkel and
Skaperdas (2007) for an excellent survey).

9See Skaperdas (1996) for a general treatment and an axiomatization of contest success functions.
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Actions. Society must choose the allocation of a prize. We model this prize directly

in terms of the utility individuals receive from it (wik). We assume that individuals can

in�uence the allocation of the prize by devoting resources into a non-productive activity. The

decision process can be interpreted as a lottery, where the probability of receiving the prize is

distributed over the population according to a vector of resources. Let aik 2 R+ denote the

resources devoted by individual k in group i. The aggregate amount of resources devoted by

the entire population is A �
GP
i=1

P
h2i
aih (with h indicating the generic individual in group i),

where A 2 R+. We will use A as a measure of societal con�ict in the non-productive activity.

Timing. The timing is the following: i) all individuals of all groups choose simultaneously

their contributions; ii) nature chooses the winning group with probabilities �i; and iii) the

prize is distributed across members of the winning group.

Information. The payo¤ structure of all individuals is common knowledge.

Payo¤s. Let c (a) denote the utility cost of a generic amount of resources. The cost function

c : R+ ! R+ is homogeneous across all groups.

Assumption 1. c is continuous, increasing, and twice di¤erentiable with c (0) = 0, c0 > 0,

c00 > 0 for all a > 0, and lim
a�!0+

c0 (a) = c0 (0) = 0.

De�ne the winning probability of individual k in group i (�ik) as the share of resources

devoted by members (indexed by h) of group i :

�ik (aik) =

P
h2i
aih

A
; (1)

provided A > 0: By de�nition (1), individuals belonging to the same group have the same

winning probability: �ik = �il = �i 8 (k; l) 2 i; 8i = 1; ::; G:

Let wik be the individual bene�t from winning the prize. We specify the prize as a mixed

private-public good. Let � 2 [0; 1] denote the share of publicness of the prize:

wik = w (�; ni) = �+
1� �
ni

: (2)
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It is important to specify exactly the nature of the prize. Both the public component

(�) and the private component (1� �) are enjoyed exclusively by members of the winning

group. The di¤erence between the two is that the per capita bene�t associated with the

public component is constant, while the one associated with the private component shrinks

with group size. The public component can be interpreted in several ways: i) the good is non-

excludable (all groups receive it), but only members of the winning group derive utility from

it; ii) the good is non-excludable and members of all groups derive utility from it, but members

of non-winning groups derive a lower utility than members of the winning group;10 iii) the

good is excludable to members of non-winning groups (and continues to be non-excludable

among members of the winning group). With respect to the �rst two cases, one may think

of government policies that are valid for everybody but enjoyed by one particular group.11

With respect to the last case, one may think of government policies reserved to one particular

group.12 With this caveat in mind, we will hereafter refer to � as the public component of

the prize. A related point is that the prize does not need to be one good with both public

and private features. It can also be interpreted as a basket of goods. In this case, � would

be the average share of publicness of the prizes. This interpretation is useful also because the

model is the stylized description not necessarily of one contest over one good, but possibly of

several contests over several goods, as long as the cleavage that separates the groups remains

the same. For simplicity, we assume that the share of publicness of the prize � is the same

across groups. By de�nition (2), individuals of the same group receive the same bene�t in

case of capture of the prize: wik = wil = wi 8 (k; l) 2 i; 8i:

We assume a utility function for individual k in group i that is linear in the expected

bene�t from winning the prize net of the cost of contributions:

uik (aik) = �i (aik)wi � c (aik) : (3)

10 In this case wik constitutes a utility di¤erential.
11For example, an eventual extension of public health insurance in the US will bene�t those without much

more than those with private health insurance. Another example may be the regulation of access to the sea,
which applies to any citizen but is enjoyed disproportionally by those living close to the seaside.

12For example reservation of political seats for women (Chattopadhyay and Du�o (2004)) or minorities
(Pande (2003)).
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We assume that individual k in group i chooses his contribution so as to maximize his

extended utility function (vik) ; which includes the ones of his fellow members:

vik (aik) =
X
l2i
uil (ail) = uik (aik) +

X
l2i;l 6=k

uil (ail) : (4)

By assuming that individuals maximize this extended utility, we abstract from within-

group free-riding. Similar assumptions can be found in Esteban and Ray (1999), Esteban and

Ray (2008), Reynal-Querol and Montalvo (2002), and Montalvo and Reynal-Querol (2005).13

Suppose we were to allow individuals to assign greater weight to their own utility than to

that of their fellow members. Then the results would hold as long as they assigned a non-

zero weight to their fellow members. Indeed, internalization of fellow members�preferences is

thought to be one of the reasons why ethnicity is salient (Alesina and Ferrara (2005)). Even

if they did assign zero weight to their fellow members�utilities, all results of the model would

resemble the case of pure private goods, which is the main focus of the paper.

To complete the speci�cation of the model, we describe the outcome when A = 0. We

take this to be an arbitrary vector �� = (��1; ::; ��G).14

The following table summarizes all variables and functions included in the model.

13This assumption can be grounded on one of two theoretical backgrounds: either individual contributions
are really determined by a group leader, like in Esteban and Ray (2008), because of coercion or group ideology,
or individuals maximize an extended utility, which includes the utility of fellow members (this paper, Esteban
and Ray (2011)). ER1999, Reynal-Querol and Montalvo (2002), and Montalvo and Reynal-Querol (2005)
assume absence of free-riding, but they leave implicit the theoretical background to support it.

14ER1999 provide a similar assumption to complete the speci�cation of their model.
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Table 4 - List of the variables in the model.

aik individual contribution of member of individual k in group i choice variable

ni size of group i exogenous

wi utility for any member of group i for outcome i : �+ 1��
ni

exogenous

� share of publicness of the prize: � 2 [0; 1] exogenous

�i winning probability for any member of group i :
GP
i=1
�i = 1 endogenous

A con�ict: A =
GP
i=1

P
h2i
aih endogenous

c () cost of e¤ort c : R+ �! R+ and c (:) : c0 (:) > 0; c00 (:) > 0

a� vector of individual contributions a� �
�
a�11; ::; a

�
1n1
; ::; a�G1; ::; a

�
GnG

�
equilibrium

� vector of winning probabilities � � (�1; ::; �G) :
GP
i=1

�i = 1

N vector of group sizes N� (n1; ::; nG) :
GP
i=1

ni = 1

3.2 Agents�behavior and equilibrium

All proofs of the propositions henceforth are presented in the Appendix.

Proposition 1 Suppose that Assumption 1 holds. Provided ajh > 0 for some j 6= i, the

amount of resources devoted to members of groups i is strictly positive and completely described

by the �rst-order condition (FOC):

�i (1� �i)wi (�; ni) = c0 (ai) ai: (5)

Members of the same group will devote the same per capita contributions aik = ail = ai

8 (k; l) 2 i; 8i = 1; ::; G, where ai denotes the per capita contribution of members of group i:

There exists an equilibrium and it is unique.

The �rst part of Proposition 1 states that the solution to the individual�s maximization

problem is always interior. Thus, any equilibrium must involve positive contributions by all
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individuals. Equation (5) provides an intuition of the in�uence of the mixed prize speci�cation.

A larger group implies more fellow members (�i), but also less opponents (1� �i) and, above

all, a greater con�ict over the private component of the prize, and hence reduced incentives

to contribute (smaller bene�t wi). This latter force is more relevant the greater the share of

the private component within the prize. This is why we expect both the level and pattern of

con�ict to vary with the level of this parameter.

The second part of the proposition states that there is one and only one vector of optimal

contributions a� � (a�1; ::; a�G) such that a�ik solves the maximization of (4) subject to (1), (2),

and (3). This implies the existence and uniqueness of equilibrium con�ict A� =
GP
i=1
nia

�
i and

equilibrium winning probabilities � = (��1; ::; �
�
G) :

3.3 Con�ict and distribution: levels and patterns

In this section we analyze the properties of the model. First, we look at how equilibrium

con�ict (A) varies with population distribution (N) and the share of publicness of the prize

(�). Since the con�ict-distribution relationship for each type of prize A (�;N) is not in an

explicit form (see proof of Proposition 1), this is the best way to compare the model to the

indexes. Second, we look at how per capita contributions (ai) vary across groups within a

given equilibrium (A �xed).

Recall that our model is an extension of the pure contest version of ER1999 to mixed

public-private goods. With respect to our model, their results cover the case of pure public

goods (� = 1) : Throughout the analysis, we refer to their results as a benchmark against

which we evaluate ours (� 2 [0; 1)) :

3.3.1 Con�ict and distribution: levels

We start our analysis with two general results. First, we investigate the case of two groups. In

this case we would expect the uniform distribution to be the global maximum (Tullock 1980).
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This is how both the fractionalization (F ) and discrete polarization index (Q) behave and what

ER1999 �nd for pure public goods. Second, we investigate the case of an arbitrary number of

groups. Over the set of uniform distributions, ER1999 �nd that equilibrium con�ict decreases

with the number of groups, provided there are at least two groups to begin with. This is

exactly in line with the second property of the discrete polarization index. We investigate

whether this continues to be true for all types of goods.

Proposition 2 Suppose that Assumption 1 holds. Then:

[1] in the two-group case, equilibrium con�ict (A) is maximized at the uniform distribution

over the two groups;

[2] over the set of uniform distributions, equilibrium con�ict (A) increases with the number

of groups up to a threshold G(�); and decreases thereafter. The number of groups maximizing

con�ict increases as the prize becomes more private
�
@G(�)
@� < 0

�
; and approaches in�nity as

the prize becomes half public half private (� = 1=2) :

Part 1 implies that, in case of G = 2; any departure from the uniform distribution, which

corresponds to increased population inequality, lowers the level of con�ict. The result is

consistent both with the fractionalization and discrete polarization indexes and an earlier

�nding by ER1999.

Part 2 shows that Esteban and Ray�s �nding is not robust over all types of goods. Most

importantly, the con�ict-distribution relationship does not resemble the property of the dis-

crete polarization index anymore. On the contrary, for a large set of goods
�
� 2

�
0; 12
��
;

con�ict increases with the number of groups, thus resembling the second property of the

fractionalization index.15

Let us now provide some additional results for the special case of pure private goods

(� = 0) : The next proposition mirrors the list of properties of the fractionalization (F ) and

polarization (Q) indexes (Section 2.2). First, we identify the distribution that maximizes

15Even Esteban and Ray�s �nding that the symmetric bimodal distribution is the global maximum is not
robust to our extension. In fact, we can rule the symmetric bimodal distribution out of the potential candidates
for a large set of goods. In order to establish this, it is enough to note that ER�s global maximum is a uniform
distribution. Since over the set of uniform distributions dissipation is greatest in correspondence of the three-
point uniform distribution for � = 3

4
; then the two-points uniform distribution can be ruled out for � 2

�
0; 3

4

�
:
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the level of con�ict. Second, we consider the set of uniform distributions. Third, we ask

whether there exists a sequence of changes providing unidirectional impacts on con�ict, �rst

by looking at the split of a group, then by looking at a generic population transfer from a

large to a smaller group. This lets us establish whether the distribution-con�ict relationship

is monotonic (as opposed to non-monotonic) and local (as opposed to global).

Before the proposition, we spell out two additional assumptions on the cost function that

will be useful to identify how generalizable the results are. Let � denote the elasticity of the

marginal cost of contribution c0 (a) with respect to the contribution itself a : � (a) = c00(a)a
c0(a) :

We make the following regularity assumptions:

Assumption 2. The cost function is three times di¤erentiable and c000 � �2c00(a)
a :

Assumption 3. c is three times di¤erentiable and �0 (a) : � [� (a) + 1]� (a)+� < �0 (a) a <

[� (a) + 1]� (a)� �

The intuition behind both assumptions is that we want the cost function to be "convex

enough." They are not very restrictive though. For example, the entire set of iso-elastic cost

functions c (a) = �a� satisfying Assumption 1 (� > 1) satis�es both of them.16

We are now ready to present the main �nding for pure private goods:

Proposition 3 Suppose that Assumption 1 holds. Then:

[1] provided Assumption 2 holds as well, equilibrium con�ict (A) is maximized at the

uniform distribution over all groups;

[2] over the set of uniform distributions, equilibrium con�ict (A) always increases with the

number of groups;

[3] the split of any group increases equilibrium con�ict (A);

[4] provided Assumption 3 holds as well, any uniform distribution is always a strict local

maximum.

16To see this, just note that both the third derivative of an iso-elastic cost-function and the derivative
of its elasticity of an iso-elastic function are zero. Assumption 3 is more restrictive than Assumption 2 if
� (a) 2 (0; 1) ; exactly equal if � (a) = 1; and less restrictive if � (a) > 1:
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Part 1, 2, and 3 coincide with the �rst three properties of the fractionalization index (F ).

Part 3 says that the districution-con�ict relationship is local, in the sense previously de�ned

(Section 2.2). Part 4 says that the con�ict-distribution relationship is monotonic around the

uniform distribution, in the sense previously de�ned, and it implies that we can not reject

the hypothesis that population transfers to smaller groups increase equilibrium con�ict (A) ;

or that the distribution-con�ict relationship is monotonic, in the sense previously de�ned.17

In addition, note that the idea that con�ict increases as groups become smaller (split) runs

against the "divide and conquer" con�ict-strategy (ER1999: 397), while it is consistent with

the hypothesis that having many independent rent-seeking agencies is worse than having few

ones (Shleifer and Vishny (1993)).

On the other hand we know that, in case of pure public goods (� = 1), the properties

of the distribution-con�ict resemble broadly the properties of the discrete polarization index

(ER1999). This suggests that the nature of the prize is enough to explain the di¤erences

between the fractionalization and discrete polarization indexes, and so that the higher weight

assigned to population frequency in the discrete polarization index does not re�ect intra-group

homogeneity (ER1999) or the sense of identi�cation (Esteban and Ray (1994)), but rather

the di¤erence in the prize at stake. Indeed, if we were to include varying intra-group cohesion

like Esteban and Ray (2011), we would still �nd that the properties of the model are close

to the Q in case of pure public goods and close to F in case of pure private goods as long as

intra-group cohesion was positive.18

17To see this, consider a sequence of transfers from a uniform distribution over G � 1 groups to a uniform
distribution over G groups. A series of transfers "in the same direction" requires the following steps: �rst, we
split one group so that there is a new group with a very small size; second, we transfer population from all other
groups to this small new group. By continuity, the new G-point distribution must have a level of dissipation
close to the G�1 uniform distribution. From part 3 we know that the level of dissipation corresponding to the
new distribution must be greater than the level corresponding to the uniform distribution over G� 1 groups.
From part 4 we know that the uniform distribution over G groups is a local maximum, which means that
transfers close to it will be dissipation increasing. We therefore can not reject the hypothesis that each of the
transfers a¤ects (increases) the level of dissipation as the one-step change would.

18Esteban and Ray (2009) model individuals�extended utility function as a weighted average between one�s
own utility and the fellow members�utilities. The weight represents the degree of intra-group cohesion. Indeed,
if intra-group cohesion were zero, the dissipation-distribution relationship would resemble F for any type of
prize
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3.3.2 Con�ict and distribution: patterns

We will now look at how per capita contributions (ai) vary across groups within a given

equilibrium (A �xed). In particular, we compare per capita contributions (ai) with the average

contribution across the entire population (A). De�ne the ratio between the two
�
ai
A

�
as

intensity of lobbying. De�ne activism as any equilibrium such that at least two groups di¤er

in their intensity of lobbying: ai 6= aj for some (i; j):

In case of pure public goods, "contests with two groups can never involve activism. On

the other hand, contests with more than two groups display activism whenever all groups are

not equal-sized, and larger groups always lobby more than smaller groups" (ER1999: 398).

This is how results change once we extend the model to mixed public-private goods.

Proposition 4 Suppose Assumption 1 holds. Then

[1] in the two-group case, contests involve activism whenever the prize is not a pure public

good or the two groups are not equal-sized. In this case, the larger group always lobbies less

intensively than the smaller one.

[2] in case of three or more groups and pure private goods, larger groups always lobby less

intensively than smaller ones.

Proposition 4.1 illustrates clearly the forces at work described in Section 3.2: a larger

group means a greater number of contributions (greater incentive to contribute), but also a

smaller opponent (lower incentive to contribute) and lower per capita bene�t from the private

component of the prize. In case of pure public goods, the latter component does not exist, the

�rst two forces exactly cancel each other out and individuals contribute the same regardless

of the population distribution. For all intermediate cases though, the additional incentive

created by the private component of the prize plays a role and individuals belonging to the

smaller group contribute more than the opponents. In case of an arbitrary number of groups

(G � 3), the second force we listed becomes weaker, yet the third one still dominates. Note

that this does not mean that the share of resources devoted by the larger group is smaller

than the share of resources devoted by the smaller group. Indeed, the larger group continues
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to have a greater winning probability (see Lemma 6), but not as much as in the case of pure

public goods. Hence, whether we may say that the Pareto-Olson argument plays a role in

the model depends on the de�nition of the latter. According to Esteban and Ray (2001), the

Pareto-Olson argument dominates when larger groups have a lower probability of winning

than smaller groups, which is not the case here.19

Proposition 4 also unveils one di¤erence between the model and the fractionalization index:

members of di¤erent groups behave di¤erently. This constitutes a new prediction to be tested

empirically. It also has some implications for existing empirical evidence:

Proposition 5 Suppose Assumption 1 holds. Then, in case of pure private goods and a

quadratic iso-elastic cost function, the fractionalization index always underestimates the true

level of con�ict.

Proposition 5 shows that neglecting the pattern of contributions is not without conse-

quences: the fractionalization index su¤ers a systematic measurement error.

4 Conclusions

In this paper we asked which population distributions are associated with a high level of

con�ict and whether the con�ict-distribution relationship resembles the fractionalization or

the discrete polarization index. In order to answer these questions, we developed a con�ict

model linking con�ict to the distribution of the population across an arbitrary number of

groups. The model is an extension of the pure-contest model by Esteban and Ray (1999),

who consider only pure public goods and �nd that the con�ict-distribution relationship20

resembles the discrete polarization index. Here, in contrast, the prize is allowed to vary from

pure public goods to pure private goods.

We �nd that, in case of pure private goods, the con�ict-distribution relationship resembles

the fractionalization index. This result may explain why cross-country regressions associating
19 If we relax the assumption of no free-riding, this is not necessarily true (Esteban and Ray 2001).
20 In their paper they consider the concept of con�ict whereas here we consider the concept of dissipation

to better interpret the model in light of the empirical stylized facts. However, the modeling strategy is neutral
with respect to the concept used.
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ethnic diversity with economic performance and likelihood of civil wars are sensitive to the

index used to capture the former. To the extent that both re�ect competition for the capture

of the State, our results suggest that the latter is perceived as a public good in the case of

open con�ict, while it is perceived as a private good in the cases of lobbying and generalized

corruption. It could also be the case that open con�ict increases the ability to deliver public

goods after the con�ict.

The analysis of the per capita contributions across groups suggests that, in case of pure

private goods, individuals belonging to smaller groups always contribute more. This suggests

that the fractionalization index may systematically underestimate the weight of smaller groups

in the creation of con�ict. Indeed, we �nd that, for the special case of quadratic cost functions,

the fractionalization index under-estimates the level of con�ict. This con�rms the pattern in

the numerical simulations run by Esteban and Ray (2011) for the case of pure contests,

quadratic costs, a large population, and pure private goods. Their simulations are based

on random draws for the population vector (over �ve groups). In this case the divergence

between the model-based and index-based levels of con�ict appears negligible. Future work

should con�rm this with real-world data.
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Appendix

Proof. Proposition 1.

Note that maximizing (4) subject to (1), (2) and (3) becomes maximizing

X
l2i

264aik +
P

h2i;h6=k
aih

A
wi

375� c (aik)� X
l2i;l 6=k

c (ail) : (6)

Equation (6) is well-de�ned for every aik since we have assumed that ajl > 0 for some

j 6= i: Di¤erentiation of (6) with respect to ai provides

@

@aik
=

X
l2i

266664
A�

 
aik +

P
h2i;h6=k

aih

!
A2

wi

377775� c0 (aik)

=
X
l2i

266664 1A
0BBBB@1�

 
aik +

P
h2i;h6=k

aih

!
A

1CCCCAwi
377775� c0 (aik) ;

which, given (1), is

=
X
l2i

�
1

A
(1� �ik)wi

�
� c0 (aik) :

Since (by construction) members of the same groups have the same winning probability

(�ik = �il = �i8(k; l) 2 i;8i) ; then

@

@aik
=

X
l2i

�
1

A
(1� �i)wi

�
� c0 (aik)

=
ni
A
(1� �i)wi � c0 (aik) :

The end-point restriction on c in Assumption 1 and the observation that the existence of

a positive lower bound on the bene�t from winning the prize (wi � 1 > 0) ensure that the

solution to the maximization problem is interior (the optimality condition, FOC, must hold
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with equality):

a�ik :
ni
A
(1� �i)wi = c0 (a�ik) : (7)

Since the expected bene�t (�iwi) is strictly concave in aik and Assumption 1 ensures that

the cost function is strictly convex, the individual utility function is strictly concave, which

means that equation (7) is also su¢ cient to de�ne the solution.

Since this is true for every member of group i; then a�ik = a
�
il = a

�
i 8 (k; l) 2 i; 8i: This lets

us rewrite equation (7) as equation (5). It also lets us rewrite (1) as �i =
nia

�
i

A : In order to

establish the existence and uniqueness of the equilibrium, de�ne a function � : [0; 1]2�R+ !

R such that the single element � (�i; A; ni) is de�ned by the �rst-order derivative of the

maximization problem in terms of winning probability, con�ict, and group size
�
ai =

�iA
ni

�
:

ni
A
(1� �i)wi � c0

�
�iA

ni

�
= � (�i; A; ni) :

Rede�ne the equilibrium as any combination of winning probabilities �� = (��1; ::; �
�
G) and

total e¤ort A�, such that � (��i ; A
�; ni) = 0 8i; and

GP
i=1
��i = 1:

The determination of the equilibrium can be shown in two steps: �rst, by making reference

to the individual FOC; second, by making reference to the probability consistency condition�
GP
i=1
�i = 1

�
.

Suppose A (and N) is �xed, and consider the behavior of the �rst derivative � (�i; A; ni)

as the winning probability (�i) varies along its domain [0; 1]:

� @�(�i;A;Ni)
@�i

= �ni
Awi �

A
ni
c00
�
�iA
ni

�
< 0 (strictly decreasing);

� lim
��!0+

� (�i; A; ni) =
ni
Awi > 0;

� lim
��!1�

� (�i; A; ni) = �c0
�
A
ni

�
< 0:

The intermediate value theorem ensures the existence and uniqueness of a winning proba-

bility satisfying the equilibrium condition: 9!��i : � (��i ; A; ni) = 0: This value can be thought

of as a function depending on the remaining variables: ��i = � (A;ni) :
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Aggregate consistency requires the sum of these winning probabilities to equal unity:
GP
i=1
� (A;ni) = 1: Suppose that N is �xed and consider the behavior of the sum of winning

probabilities
�
GP
i=1
� (A;ni)

�
as total con�ict (A) varies along its domain [0;+1) : Since we

have not derived an explicit expression for the equilibrium winning probability, we refer to

the implicit function theorem to study it. Rewrite the FOC function �i � � (�i; A; ni) : Then

we know that
@�i
@�i

d� (A;ni)

dA
+
@�i
@A

= 0;

which means that
d� (A;ni)

dA
= �

@�i
@A
@�i
@�i

:

Since @�i
@A = �

ni
A2
(1� �i)wi � �i

ni
c00
�
�iA
ni

�
< 0 and @�i

@�i
= �ni

A u�
A
Ni
c00
�
�iA
ni

�
< 0, then

d� (A;ni)

dA
< 08i;

which implies

GX
i=1

d� (A;ni)

dA
< 0 =)

d

�
GP
i=1
� (A;ni)

�
dA

< 0:

Again, we derive the behavior of this function as total con�ict approaches the limits of its

domain. In order to do so, we focus on the single winning probability � (A;ni) : In order to

determine the behavior of the winning probability for any member of group i as total con�ict

shrinks to zero, �x the winning probability and consider the behavior of the �rst derivative �

as total con�ict shrinks to zero:

lim
A�!0+

� (�i; A; ni) = lim
A�!0+

ni
A
(1� �i)wi � lim

A�!0+
c0
�
�iA

ni

�
= 1� c0(0) =1:

For the �rst-order condition (�i = 0) to continue to hold, the winning probability must

approach unity as total con�ict
�
lim

A�!0+
� (A;ni) = 1

�
. This implies that the sum of winning
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probabilities will exceed unity: lim
A�!0+

�
GP
i=1
� (A;ni)

�
= G(> 1): In order to determine the

behavior of the winning probability for any member of group i as total con�ict increases to

in�nity, �x the winning probability and consider the behavior of the �rst derivative � as total

con�ict increases to in�nity:

lim
A�!+1

� (�i; A; ni) = lim
A�!+1

ni
A
(1� �i)wi � lim

A�!+1
c0
�
�iA

ni

�
= 0�1 = �1:

For the �rst-order condition (�i = 0) to continue to hold, the winning probability must shrink

to zero
�

lim
A�!+1

� (A;ni) = 0

�
. This implies that the sum of winning probabilities will

shrink to zero as well: lim
A�!+1

�
GP
i=1
� (A;ni)

�
= 0:

Given the last three results

0B@d

"
GP
i=1

�(A;ni)

#
dA < 0; lim

A�!0+

�
GP
i=1
� (A;ni)

�
= G; lim

A�!+1

�
GP
i=1
� (A;ni)

�
= 0

1CA ;
the intermediate value theorem ensures the existence and uniqueness of a value of total con-

�ict satisfying the equilibrium condition: 9!A� :
GP
i=1
� (A�; ni) = 1: Such value can be thought

of as depending on the vector of group sizes N = (n1; ::; nG): A� = A(N):

In summary, for any vector of group sizes N; there is one and only one level of total e¤ort

and vector of winning probabilities satisfying the equilibrium conditions.

Proof. Proposition 2.

Part 1 means that the uniform distribution is the strict global maximum. Since there are

only two groups (1,2), and their sizes (n1; n2) must add to unity, we can just re-de�ne their

sizes as n1 = n and n2 = 1 � n: The con�ict function A (N) can be rede�ned accordingly,

A (n) : Rede�ne the group�s winning probability, �i (n) � �i (A (n) ; n) : Since the probabilities

of winning must also add to unity, then �1 = � and �2 = 1 � �: Rede�ne the �rst-order

derivative accordingly: � (�;A; n) = � (� (n) ; A (n) ; n) � �1: The �rst-order derivative of

this function with respect to n is

d� (�; A; n)

dn
=
@�1
@�

d�

dn
+
@�1
@A

dA

dn
+
@�1
@n

= 0: (8)
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Explicit the derivative of the winning probability with respect to n :

d�

dn
= �

@�1
@A

dA
dn+

@�1
@n

@�1
@�

:

Since population is normalized to unity, an in�nitesimal change in the size of group 1 (n)

directly a¤ects also the size of group 2 (1� n). Let the �rst-order derivative for the generic

member of group 2 be �2 � � (1��; A; 1� n) : There will be another direct and indirect

e¤ect to consider. However, we know that the sum of winning probabilities must be equal

unity before and after the shift. Therefore, the two aggregate changes in winning probabilities

must compensate each other:
2P
i=1

d�i
dn = 0: Then we can explicit the total derivative of con�ict

A with respect to the population parameter
�
dA
dn

�
:

dA

dn
= �

2P
i=1

h
@�i=@n
@�i=@�

i
2P
i=1

h
@�i=@A
@�i=@�

i :

Let � denote the elasticity of the marginal cost of contribution c0 (a) with respect to the

contribution itself a : � (a) = c00(a)a
c0(a) : Let � denote the ratio between the share of publicness of

the prize (�) and the bene�t from winning the prize (w):

� =
�

w
=

�

�+ (1� �) =n: (9)

The two initial �rst-order derivatives �i are �1 = n
A (1��)w (n) � c

0 ��A
n

�
and �2 =

1�n
A �w (1� n)�c0

�
(1��)A
(1�n)

�
. Di¤erentiation of these two expressions and some manipulation

provides the following expression, where �1 = �
�
�A
n

�
and �2 = �

�
(1��)A
(1�n)

�
:

dA

dn
=

A

n (1� n)
(�1 + �1) (1� n) [��2 + (1��)] + (�2 + �2)n [(1��)�1 +�]

(1� 2n) (�1�2 � 1)
:

It follows that

sign

�
dA

dn

�
= sign f(1� 2n)g ;

25



which means that A (n) is increasing in n for n 2
�
0; 12
�
and decreasing afterwards. Therefore,

A (n) attains its maximum at n = 1
2 ; which corresponds to the uniform distribution over the

two groups. Thus, part 1 is established.

To establish part 2, note that, as we restrict our attention to uniform distributions

(ni = n 8i) ; the maximization problem becomes identical for individuals across all groups.

Per capita contributions are identical (ai = aj = a 8i; j) and so are winning probabilities

(�i = � = n 8i). Given the normalization of total population to unity, equilibrium contri-

butions will also equal total con�ict (a = A) : Equation (5) reduces to

n (1� n)w (n) = c0 (A)A:

De�ne a new function f : R+ ! R+ such that f (a) � c0(a)a: This let us rewrite the

previous equality as

n (1� n)w (n) = f (A) :

Assumption 1 ensures that f (:) is strictly increasing: f 0 (A) = c00 (A)A+ c0(A) > 0: This

means that f is invertible and the con�ict-maximizing problem reduces to maximizing the

LHS:

max
n
fn (1� n)w (n)g

= max
n

�
n (1� n)

�
�+

1� �
n

��
= max

n
fn (1� n)�+ (1� n) (1� �)g ;

FOC : (1� 2n)�� (1� �) � 0 (= 0 if n > 0):

If the share of publicness of the prize (�) is equal to or smaller than 1
2 ; the solution is corner

(n = 0): Otherwise the solution is interior and equal to

n = 1� 1

2�
� n (�) :
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The number of groups corresponding to these solutions is G(�) = 1
n(�) , which means that

G(�) = +1 8� 2
�
0; 12
�
and G(�) = 2�

2��1 . In particular, note that

@G (�)

@�
< 0 8� 2

�
1

2
; 1

�

and G (1) = 2: Thus, part 2 is established.

Proof. Proposition 3.

Reconsider equation (5) in case of pure private goods (� = 0):

�i (1� �i)
1

ni
= c0 (ai) ai: (10)

De�ne a new function f : R+ ! R+ such that f (a) � c0(a)a: This lets us rewrite equation

(8) as

�i (1� �i) = nif (ai) :

Aggregate over groups to obtain

GX
i=1

[�i (1� �i)] =
GX
i=1

[nif (ai)] :

Assumption 1 ensures that f (:) is strictly increasing: f 0 (a) = c00 (a) a + c0(a) > 0: As-

sumption 2 ensures that f (:) is convex: f 00 (a) = c000(a)a + 2c00(a) � 0: This lets us use the

Jensen inequality theorem:
PG
i=1 [nif (ai)] � f

�
GP
i=1
niai

�
; where f

�
GP
i=1
niai

�
= f (A) : In

turn, we know that
GX
i=1

[�i (1� �i)] � f (A) :

Maximizing the LHS subject to the constraint that the sum of winning probabilities must

be equal to unity
�
GP
i=1
�i = 1

�
provides the uniform distribution �� = (�; ::; �) :

G [� (1� �)] �
GX
i=1

[�i (1� �i)] ;
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with equality only if �i = � 8i:

From the proof of existence and uniqueness of the equilibrium, we know that there is only

one population vector that corresponds to the uniform winning probability vector, and that it

is the uniform population vector �N = (n; ::; n) : Let A� denote the con�ict level corresponding

to this maximum. Then we know that

f (A�) � f (A) :

Since f is strictly increasing, this implies A� � A; with equality if and only if N = �N:

Thus, part 1 is established.

Part 2 is a special case of Proposition 2 (part 2) and hence it is already established.

To establish part 3, rephrase it without loss of generality as "any merger lowers equilibrium

con�ict." The following de�nition will be used frequently throughout the proof. In order to

clarify the exposition, we drop the subscripts. De�ne the subjective share of publicness of the

prize (�) as the ratio between the share of publicness of the prize (�) and the bene�t from

winning the prize (w):

� =
�

w
=

�

�+ (1� �) =n: (11)

The following lemma describes properties that will be needed in the proofs of Propositions

5, 6 and 7.

Lemma 6 Suppose that Assumption 1 holds. Then

[1] the function � (:) is strictly increasing and twice continuously di¤erentiable;

[2] provided � = 0;
�
�
n

�
is strictly decreasing;

[3] provided � = 0; if (a; b) >> 0; then � (a+ b) < � (a) + � (b) :

Proof. Recall that � (:) is implicitly de�ned by equation (5), which we can rewrite in terms

of (�;A; n) as
n

A
(1� �)w (n) = c0

�
�A

n

�
: (12)
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Set A �xed and di¤erentiate equation (10) with respect to n to obtain

�0 (n) =
�

n

(1� �) [� (a) + �]
(1� �)� (a) + � : (13)

Assumption 1 ensures � (a) > 0 8a > 0: Therefore, �0 (:) > 0 8n > 0: Thus, part 1 is

established.

Using (11) we can derive the derivative of the ratio between winning probability and group

size
�
�
n

�
with respect to size (n):

@
�
�
n

�
@n

=
�0 (n)

n

� � (� + 1)�
(1� �) [� (a) + �] : (14)

Equation (12) shows that

sign

(
@
�
�
n

�
@n

)
= sign f� � (� + 1)�g :

In case of pure private goods � = 0; so
@(�n)
@n < 0 8n;8�: Thus, part 2 is established.

Consider (a; b) >> 0: From part 2 we know that �(a+b)a+b < �(a)
a and �(a+b)

a+b < �(b)
b : It follows

that

� (a+ b) =
a+ b

a+ b
� (a+ b) = a

� (a+ b)

a+ b
+ b

� (a+ b)

a+ b

< a
� (a)

a
+ b

� (a)

a
= � (a) + � (a) :

Thus, part 3 is established.

Proof. We return to the main proof.

Sort groups according their winning probabilities (�i) : Consider any sub-set M of the G

groups. From Lemma 6 we know that

�

 
A;
X
i2M

ni

!
<
X
i2M

� (A;ni) :

Add the winning probabilities of all remaining groups (j 6=M), evaluated at the initial
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level of con�ict A :

�

 
A;
X
i2M

ni

!
+
X
j 6=M

� (A;nj) <
X
i2M

� (A;ni) +
X
j 6=M

� (A;nj) = 1:

For the sum of winning probabilities to equal unity also in the �nal distribution, the level

of con�ict must decrease: A0 < A: Therefore any merger must decrease the level of con�ict

(and any split must increase it). Thus, part 3 is established.

To establish part 4, consider the G-point uniform distribution �NG = (n; n; ::): Call the

corresponding level of con�ict �AG: Set �AG �xed and di¤erentiate (11) with respect to n: After

some manipulation, we obtain

�00(n) =
[�0 (n)]2

� (1� �) [� (a) + �] [(1� �)� (a) + �]8><>: [� � (� + 1)�] [(1� �)� (a) + �] + �(1��)
�(a)+� [(1� �)� (a) + �]

2+

� [� (a) + �]� � �0(a)a
�(a)+� [� � (� + 1)�]

2

9>=>; ;
where � = � (�; n) :

De�ne the expression in curly brackets as ' (�; n) : Clearly, sign f�00(n)g = sign f' (�; n)g :

The case of purely private goods corresponds to setting � = 0; which means � (0; n) = 0:

By substitution, we �nd

' (0; n) =

�
�� [(1� �)� (a) + �]� � (a)� � �

0 (a) a

� (a)
�2
�

= ��
�
(1� �)� (a) + � + � (a) + �

0 (a) a

� (a)
�

�
= ��

�
2 (1� �)� (a) +

�
� (a) + 1 +

�0 (a) a

� (a)

�
�

�
:

By Assumption 3, the equation becomes

' (0; n) = �� f2 (1� �)� (a) + ��g ;

where �
0(a)a
�(a) = � [� (a) + 1] + �: Since � > 0; then ' (0; n) < 0 8n > 0: The winning prob-
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ability � (:) is locally strictly concave in an open neighborhood around the point combination�
�AG (�) ; n

�
. Pick any G-point non-uniform distribution ~NG = (~nG1; ::; ~nGG) such that the

combination
�
�AG (�) ; ~nGi

�
lies in the open neighborhood of

�
�AG (�) ; n

�
for every i. By local

strict concavity and the equilibrium condition
GP
i=1
� (A;ni) = 1;

1 = G�
�
�AG (�) ; n

�
>

GX
i=1

�
�
�AG (�) ; ~nGi

�
:

Let ~AG (�) be the equilibrium con�ict associated with ~NG. Recall that � (:) is strictly

decreasing in A : d�(AG(�);~nGi)dA < 0

0B@as well as d

"
GP
i=1

�(AG(�);~nGi)

#
dA < 0

1CA 8i. This, joint to the

previous inequality, implies �AG (�) > ~AG (�) : Thus, part 4 is established.

Proof. Proposition 4.

Note that the ratio between a group�s per capita contribution and average contribution�
ai
A

�
is exactly equal to the ratio between probability of winning and group size

�
�i
ni

�
:

Consider the case G = 2: Let n be the size of group 1 and (1 � n) the size of group 2:

Let � be the winning probability of group 1 and (1� �) the winning probability of group 2:

Consider the ratio between the FOC of two individuals belonging to di¤erent groups:

c0 (a1) a1
c0 (a2) a2

=
w (�; n)

w (�; 1� n)

=
1� n
n

�n+ 1� �
� (1� n) + 1� �:

If the RHS is greater then unity, group 1 lobbies more intensively than group 2: If the two

groups have equal size
�
n = 1

2

�
, the RHS is equal to unity, which means absence of activism.

Consider the general case
1� n
n

�n+ 1� �
� (1� n) + 1� � � 1:

After some manipulations, we �nd that

(1� 2n) (1� �) � 0:
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If the good is purely public (� = 1) ; then the inequality is satis�ed for any value of n. If

the good is intermediate or purely private (� < 1) ; then the inequality is satis�ed for n � 1
2

(with strict inequality if n < 1
2): This means that the bigger group lobbies less intensively

than the smaller one.

Consider the case G � 3 and the special case � = 0: Sort groups with respect to their size.

Recall from Lemma 6 that the ratio
�
�
n

�
is decreasing in n; which means that bigger groups

lobby less intensively than smaller ones.

Proof. Proposition 5.

In case of pure private goods (� = 0) ; and an iso-elastic cost function c (a) = a2

2 ; we get

A2 =
GP
i=1
[ni (1� �i)] : Recall the formula for the fractionalization index: F =

GX
i=1

[ni (1� ni)] :

Proposition 8 says that the con�ict A2 is always greater than fractionalization (F ) : A2 > F:

This can be written as

A2 � F =
GX
i=1

[ni (1� �i)]�
GX
i=1

[ni (1� ni)] (15)

=
GX
i=1

f[(1� �i)� (1� ni)]nig

=

GX
i=1

[(ni � �i)ni] :

Sort groups so that n1 � :: � nG: Since �0 (n) > 0, the same sorting applies to winning

probabilities: �1 � :: � �G: Lemma 6 ensures that the ratio
�
�
n

�
is decreasing in n: �1

n1
�

:: � �G
nG
: Since �i

ni
= ai

A and A is a weighted average of per capita contributions (given that

population is normalized to unity), then A 2 [a1; aG] (with equality only in case of uniform

distribution). This implies that 9!n� 2 [n1; nG] 21 : �(n
�)

n� = 1; or, � (n�) = n�: n� divides

the groups in the following way: �i > ni 8i 2 fni < n�g ; �i < ni 8i 2 fni > n�g ; �i = ni

21There is only one case where n� = n1 or n� = nG: It corresponds to the uniform distribution (n1 = :: =
nG).
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8i 2 fni = n�g : Hence,

X
i2fni<n�g

[(ni � �i)ni] < 0;

X
i2fni>n�g

[(ni � �i)ni] > 0;

X
i2fni=n�g

[(ni � �i)ni] = 0:

De�ne n̂ : n̂ 2 fni < n�g ^ ni < n̂ 8i 2 fni < n�g : This lets us establish a lower bound to

the �rst subset: X
i2fni<n�g

[(ni � �i) n̂] �
X

i2fni<n�g
[(ni � �i)ni] :

De�ne �n : �n 2 fni > n�g ^ ni > �n 8i 2 fni > n�g : This lets us establish a lower bound to

the �rst subset: X
i2fni>n�g

[(ni � �i) �n] �
X

i2fni>n�g
[(ni � �i)ni] :

In addition, note that the two group size thresholds are ordered: n̂ < �n:

Disaggregate equation (13) with respect to the subgroups and use these inequalities:

X
i2fni<n�g

[(ni � �i)ni] +
X

i2fni>n�g
[(ni � �i)ni]

�
X

i2fni<n�g
[(ni � �i)ni] + �n

X
i2fni>n�g

[(ni � �i)]

� n̂
X

i2fni<n�g
(ni � �i) + �n

X
i2fni>n�g

(ni � �i)

> n̂
X

i2fni<n�g
(ni � �i) + n̂

X
i2fni>n�g

(ni � �i)

= n̂

GX
i=1

(ni � �i) = 0

The last equality comes from the fact that
P
i
�i =

P
i
ni )

P
i
(�i � ni) = 0: Thus, we

have established that A2 � F > 0; which proves Proposition 5.
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Abstract

In this paper we ask whether there is a relationship between land property rights and

international migration. In order to identify the impact of property rights, we consider

a country-wide land certi�cation program that took place in Mexico in the 1990s. Our

identi�cation strategy exploits the timing of the program and the heterogeneity in farmers�

eligibility for the program. Comparing eligible and ineligible households, we �nd that the

program increased the likelihood of having one or more members abroad by 12 percent. In

terms of number of migrants, our coe¢ cient estimates explain 31 percent of the 1994-1997

increase in migrants from ejido areas and 16-18 percent of the increase from the entire

Mexico. We contribute to the current debate on the determinants of Mexican emigration

(Hanson 2006, Hanson and McIntosh 2009, Hanson and McIntosh 2010). Consistent with

our theoretical model, the impact is strongest for households without a land will.
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1 Introduction

From 1990 to 2005, the share of Mexicans in the United States increased from 5.2 percent to

10.2 percent (Hanson (2010)). During the same period, remittances from the US to Mexico

rose from US$2.5 billion to US$21.7 billion, with an average of US$7.5 billion, or 59% of the net

FDI (World Bank (2010)). Mexico is the main source of both legal and illegal immigration

to the US. In 2004, 56 percent of the 10.3 million Mexicans in the US were there illegally

(Passel (2005)). Hence, illegal immigration causes a huge pressure on the US government

to limit border crossing (Hanson and Spilimbergo (1999)), drives the political fortunes of US

Governors (Hanson (2005)) and stands high on the agenda of every US presidential candidate.

Understanding what drives this migration �ow is critical for any assessment of future patterns

and policy design (Hanson (2006)).

Although recent contributions attribute a large share of this rise in migration to demo-

graphic factors (Hanson and McIntosh (2009), Hanson and McIntosh (2010)), much remains

to be understood. In the 1990s, the Mexican government implemented various policies that

may have a¤ected migration, yet we lack rigorous econometric evidence in this respect (Han-

son (2006)). We contribute to the literature by showing that changes in land property rights

in the 1990s did a¤ect migration to the US.

The research questions are, is there a relationship between land property rights and

Mexico-US migration? If there is, do better de�ned property rights slow down or speed

up migration �ows?

In order to identify the impact of property rights on migration behavior, we make use

of the land certi�cation program Procede, which was implemented throughout the 1990s and

targeted all ejido land in the country. Ejidos are areas of land allocated in usufruct to groups of

farmers, called ejidatarios, and cover about 60 percent of all agricultural land in the country

(Velez (1995)). Procede provided households with certi�cates for their housing plot, their

individuals plots, and their right to use the common land. By providing certainty over their

rights, the certi�cates may have led households to relocate their labor supply in favor of o¤-

farm activities, like migration. In order to account for potential omitted variable bias, we
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exploit program timing and households�eligibility for the program. Comparing eligible and

ineligible households, we �nd that the program increased the likelihood of having one or more

members abroad by 12 percent. In terms of number of migrants, our coe¢ cient estimates

explain 31 percent of the 1994-1997 increase in Mexican migrants from ejido areas and 16-18

percent of the increase from the entire Mexico.

The paper also contributes to the literature on land property rights and titling programs,

and to the literature on international migration. Concerning the latter, in his recent survey,

Hanson (2010) argues that, notwithstanding the recent rise in global migration, it is very

challenging to reconcile the level of global migrants (about 3 percent of the global population)

with large and persistent wage di¤erentials across countries. This is even more puzzling in

the case of Mexico, where borders are porous and illegal migration is widespread. Hanson

(2006) calculates that at the existing wage rates (con�rmed by Rosenzweig (2007)), it takes

less than two months for a migrant with 5-8 years of education to recoup the costs of crossing

the border.

There are two sets of explanations. First, cross-country wage di¤erentials may be lower

than the average earning di¤erences if migrants�self-selection is positive. This may not apply

to Mexico as Chiquiar and Hanson (2005) �nd that selection there is intermediate.1 Second,

there must be large unobserved costs of migrating other than the cost of crossing the border.

However, rather than identifying these costs, the literature has focused on the cost-mitigating

role of networks at the destination (see Munshi (2003) and McKenzie and Rapoport (2010)

and references therein). The present paper contributes to this literature by identifying a

strong yet neglected determinant of migration: tenure (in)security. Tenure insecurity may

have induced household members to stay home in order not to lose their land inheritance.

Moreover, it may have reduced the incentive to use migration as a self-funding strategy to

send money back home (Woodru¤ and Zenteno (2007), Yang (2008), Mendola (2008)).

We also contribute to the literature on land titling programs. In the last decade, research

has mainly aimed at estimating the impact on investments (see Pande and Udry (2006),

1Evidence is not conclusive though; see Orrenius and Zavodny (2005), Mishra (2007), Ibarraran and Lubot-
sky (2007), Fernandez-Huertas (2010), Caponi (2006) and McKenzie and Rapoport (2010).
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Deininger and Feder (2009), and Galiani and Schargrodsky (2010b) for excellent reviews),

whereas "the relationship between land tenure and o¤-farm labor market participation is

under-researched, especially in rural areas of developing countries" (Deininger and Feder

(2009):256). For urban areas, the evidence is mixed. Field (2007) �nds a positive impact

on labor supply outside the home among urban squatters in Peru, while Galiani and Schar-

grodsky (2010a) �nd no impact among urban squatters in Buenos Aires. Whether urban

property rights have an impact on labor supply outside the home may depend on whether

the labor supply was constrained prior to the change in property rights (Galiani and Schar-

grodsky (2010b)). For rural areas, Do and Iyer (2008) �nd a positive impact on o¤-farm

labor supply among rural households in Vietnam, although it is ten times smaller than the

impact identi�ed by Field (2007).2 To our knowledge, there is no evidence on the impact of

land certi�cation on migration, which is the natural extension of the study of non-farm labor

participation. Since Mexican household members can now leave (and even rent out) their

land without fear of being expropriated or fear of losing their inheritance, they may be able

to migrate to higher-income work, which may imply urban areas or, in our case, the US.

The major added value of the paper is the identi�cation strategy. Property rights are

typically endogenous to household behavior (Besley and Ghatak (2010)). In order to tackle

the corresponding identi�cation challenge, we take the following steps. First, we consider a

land certi�cation program that provides a neat source of discontinuity in (de facto) property

rights between certi�ed and non-certi�ed communities. Second, we use survey data on the

same households prior to the program to control for all unobserved time-invariant di¤erences

between program and non-program areas that may be correlated with migration behavior.

Third, we control for unobserved time-varying di¤erences between program and non-

program areas, which may still be correlated with migration behavior, by using an additional

control group (non-eligible households) and employing a DDD strategy.3 This identi�cation

strategy is what distinguishes the present paper from Mullan, Grosjean, and Kontoleon (2011)
2Field (2007) �nds an increase equal to 3.04 working hours outside the home per week per working

household member, while Do and Iyer (2008) �nd an increase equal to 0.36, almost ten times smaller. In the
latter paper there is no descriptive statistic on labor supply before (and after) the program, so we cannot
speculate on the extent to which the labor supply was constrained.

3See Field (2007) for a similar approach.
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and de la Rupelle, Quheng, Shi, and Vendryes (2009), who look at rural-urban migration in

China, and de Braw and Mueller (2009), who look at internal migration in Ethiopia. In

contrast to them, we use a land certi�cation program (and a DDD strategy) to identify the

causal impact of land property rights on migration, rather than self-reported tenure security

or land transferability.

The paper is structured as follows: Section 2 describes the certi�cation program and

land property rights in Mexico; Section 3 discusses the theory linking land property rights

to household migration behavior; Section 4 presents the data, the identi�cation strategy, and

the regression speci�cation; Section 5 presents the results; and Section 6 concludes the paper.

2 Context: Procede in Mexican ejidos

Following the 1911 revolution, the Mexican government established that groups of farmers

could free of charge receive non-transferable land in usufruct.4 The ejido is the agrarian insti-

tution that is endowed with such land and which is generated with this application (Quesnel

(2003)). The ejidatarios are the farmers who applied for such land. They could decide whether

to divide part or all of the land into individual plots.5 Each of them received one individual

plot and access to the common land. Individual plots were used mainly for rainfed agriculture,

while common land was used mainly for cattle and livestock grazing (Procuraduaria Agraria

(2010)).

Throughout the decades ejidos arrived to include an estimated 3.2 million ejidatarios in

about 30,000 ejidos and to constitute 56 percent of the national land usable for agriculture

(World Bank (1999)).6 Ejidos became characterized by levels of capital endowment signi�-

cantly lower than in the private sector (World Bank (2001)) and by extreme poverty (Velez

(1995)).

4Article 27 of Estados Unidos Mexicanos (1917).
5Details can be found in Estados Unidos Mexicanos (1971). See articles 130, 134 and 135.
6The remaining land used for agriculture is private property and is not considered in our empirical appli-

cation.

6



The 1992 Agrarian Law grants ejidatarios full property rights to their urban plots, the

rights to sell (exclusively to members of the same ejido) and rent out their individual plots,7

and the right to use the common land, but not to transfer it.8

The law con�rms the use rights on all plot types and introduces the transfer rights on

urban and individual plots. In addition, it introduces the rights to use wage labor and to

leave the individual plots fallow for more than two years.9 The limits to the right to sell

imply the virtual impossibility to collateralizing land to obtain credit.10

At the end of 1993 the government launched a massive certi�cation program, called Pro-

cede. As part of the program, ejidatarios�rights over land were documented with certi�cates

issued by the National Agrarian Registry (RAN).

Certi�cates for individual plots (certi�cado parcelarios) included the name of the eji-

datario, the size and position of the plot, and the list of bordering neighbors. The certi�cates

replaced the old certi�cates (certi�cado de derechos agrarios), which included only the name,

the ejido a¢ liation, and the way of acquisition of the plot (Del Rey Poveda (2005):162,166).

Certi�cates of access to common land reported the ejidatario�s name and the proportion of

the common land he/she had the right to use.

Procede aimed to provide certi�cates to all ejidatarios, i.e., they were all eligible for the

program. Non-eligible landed households in the ejidos were households with no formal rights

to land, either because they had no blood ties with the farmers in the ejido or because they

had blood ties but the household head did not inherit the land. This group came to possess

land through occupation of empty plots or acquisition through black markets, and arrived to

constitute 37.2 percent of agrarian subjects (World Bank (2001):13-14). They did have the
7See articles 68, 79 and 80 of Estados Unidos Mexicanos (1992).
8Only the ejido Assembly, in case of majority of votes, has the right to transfer the common land. Such

right is limited to the common land as a whole and to companies external to the ejido (art.75) and does not
seem to have been used in practice.

9Details of ejidatarios�rights can be found in Estados Unidos Mexicanos (1971). For rights on urban plots,
see article 93. For rights on individual plots, see articles 52, 55, 77 and 85. Possible exceptions are listed in
article 76. For rights on common land, see article 67.

10A plot can be used as collateral only with credit institutions that already have commercial relationships
with the ejido, and, in case of default, the credit institutions can seize the plot only for the amount of time
necessary to get the money (Art. 46). So, we do not expect certi�cates to have increased access to credit.
Acquisition of full property rights (dominio pleno) requires an additional deliberation of the Assembly and an
individual application of the ejidatario to the RAN (Art.81-82). In practice, very few Assemblies seem to have
done so. Only 6/248 ejidos in our sample have adopted dominio pleno.
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right to buy one urban plot (but not to trade it further), which made them eligible for the

housing title, but no right to individual or common land, making them non-eligible for the

certi�cates.

Rather than simply imposing the program on the communities, government o¢ cials visited

and informed them. Adoption required the consent of a large majority of ejidatarios.11 The is-

suance of certi�cates was relatively successful. Procede resulted in the issuance of "certi�cates

to more than 3 million households" (World Bank (2001)).

The certi�cation constituted a de facto change in land property rights (as opposed to a

de jure change), because, rather than providing rights, it improved ejidatarios�ability to take

advantage of their formal property rights.12

3 Theoretical framework

How can we expect better land property rights to a¤ect migration? The seminal paper by

Besley (1995) and the recent survey by Besley and Ghatak (2010) provide a simple framework

which, applied to our context, suggests that better property rights unambiguously increase

investments via less fear of expropriation (by the state and by other households) and gains

from trade.13 International migration is a highly remunerative type of o¤-farm labor supply.

A simple extension of this argument to include o¤-farm labor supply predicts a decrease in o¤-

farm labor supply if investments are labor-intensive (e.g., manure, land clearing, and adoption

of labor-intensive crops) and an increase if investments are capital intensive (e.g., machinery,

11Estados Unidos Mexicanos (1992) describes the adoption procedure in detail. The beginning of the
certi�cation program required the head of the village (Comisario Ejidal) to call for the "Information and
Consent Assembly". This assembly required the presence of the simple majority of ejidatarios (�rst call), or
any number of them (successive calls), to be valid (art.26). It also required the approval of the simple majority
of them to allow o¢ cials to map the ejido (art.27). After the measurement took place, the head of the village
had to call for the "Delimitation, Assignment and Entitlement Assembly". This assembly required the three
fourth of ejidatarios (�rst call), or its simple majority (successive calls), to be valid (art.26). It also required
the approval of two thirds of them (art.27) for the map to be sent to the cadastre (RAN) to be registered. The
program terminated when the ejidatarios received the certi�cates from the cadastre.

12Di¤erently from the certi�cation program, the 1992 Agrarian Law applied immediately to all ejidatarios,
independently from the possession of the new certi�cates. Article 4 Transitorios states that ejidatarios in
non-program areas maintain their status and can take advantage of the provisions of the 1992 Agrarian Law.

13A third channel, collateralizability of land, does not seem to be at work in our context (section 2).
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fertilizer, and cattle).14

In this paper we formalize an additional mechanism recently suggested by Galiani and

Schargrodsky (2010a): the fear of expropriation from within the family.15 Before the 1992

Agrarian Law, ejidatarios transmitted rights over land only through inheritance. The heir

had to be unique, but the ejidatario could choose him/her by stating an order of preference.

If he did not do so, the law gave priority to the wife/husband and then to the children, where

the order among the latter was left unspeci�ed. If the inheritance went to the children, the

ejido assembly intervened to determine the heir.16 When doing so, the assembly took into

account the ability and willingness of the (potential) heir(s) to take charge of the inheritance

(Del Rey Poveda (2005):163,173).

This encouraged strategic behavior by the potential heirs (Del Rey Poveda (2005):182).

Signaling an ability to take charge of the land and a willingness to remain in the ejido consti-

tuted an incentive against migration, since leaving was a clear signal of weak attachment to

the land (Del Rey Poveda (2005):170,184). This is consistent with anecdotal evidence from

Western Mexico:

The child who looks after the parents until their death develops certain rights

to the property. This may sometimes lead to awkward situations among brothers

and sisters who do not want one sibling to look after their parents too much and

in this way create claims to the land. (..) Alternatively, a son who has migrated

to the United States and declares that he does not intend to come back, may be

replaced as heir by a son in the village. (Nuijten (2003):486).

The 1992 Agrarian Law maintains the same inheritance rule with one caveat: potential

heirs have three months to �nd an agreement or the Agrarian Tribunal (rather than the ejido

14This channel refers to migration as a self-funding strategy, which is supported by evidence of a positive
impact of migration (or remittances) on agricultural technology (Mendola (2008)), household investments (Yang
(2008)), and entrepeneurship (Woodru¤ and Zenteno (2007)). See also de Janvry, Gordillo, and Sadoulet (1997)
for a description of the migration-subsistence strategy of Mexican farmers.

15"The lack of titles may also impede the division of wealth among family members, forcing claimants to
live together to enjoy and retain usufructuary rights" (Galiani and Schargrodsky 2010:708).

16See articles 81 and 82 of Estados Unidos Mexicanos (1971).
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assembly) will proceed to sell the land within the ejido and split the revenue among the

children in equal shares (Del Rey Poveda (2005):163; Riveros Fragoso (2005):44).17

There is strong evidence that resorting to the Agrarian Tribunal to settle disputes over land

inheritance was a feasible option. The Agrarian Tribunal dealt with more than 104,000 cases

concerning land inheritance out of a total of 315,000 during the period 1992-2005 (Morales Ju-

rado and Colin Salgado (2006):229).18 Land inheritance is by far the primary issue dealt with

in terms of number of cases. Even more interestingly, data from the Procuraduria Agraria

show that the number of land inheritance law cases has increased dramatically in ejidos that

implemented the program (Figure 1).

Thus, certi�cation improves access to courts; potential heirs can now contest land inher-

itance through outright negotiation in the shadow of the Agrarian Tribunal and no longer

have to be present in the ejido. A simple way to capture the in�uence of better property

rights on o¤-farm labor supply via the land inheritance mechanism is to consider a two-period

extension of the basic agricultural model (Singh, Squire, and Strauss (1986)),19 where the

decision maker is the single household member rather than the household as a whole.

Household member i allocates his/her labor supply ( �T ) to in-farm (Tif ) and o¤-farm (Tio)

activities.20 Let Y (Tf ; L) denote the agricultural production given labor supply Tf and land

input L: The function Y : R2+ ! R denotes the agricultural technology. Assume that

Assumption 1. Y is continuous, twice di¤erentiable, increasing and concave in each argu-

ment with lim
Tf!0

Y1(Tf ; L) = Y1(0; L) =1.

17See articles 17 and 18 of Estados Unidos Mexicanos (1992).
18The importance of the de�nition of the heirs is con�rmed by the HEREDA program (Procuraduaria

Agraria (2007):169). The HEREDA program started in 2001 and aims at letting all household heads write
down a will.

19See Chiappori and Donni (2009) for a review of the literature on non-unitary household models. See
Browning et al. (2006) for a comparison between unitary and non-unitary household models. Within the mi-
gration literature, see Rapoport and Doquier (2006) for a review of the literature on migration and remittances
using non-unitary household models.

20O¤-farm activities include local o¤-farm activities, domestic migration, and international migration. As
long as temporary and return migration are relatively common and the time horizon is medium rather than
short, international migration may be considered a continuous choice.
We abstract from the presence of leisure to keep the model mathematically tractable. We also abstract from

any distinction between in-farm (productive) labor and guard (unproductive) labor. This is motivated by the
fact that: i) guarding is this case is just a signal and does not require speci�c time or e¤ort; ii) any distinction
would be unobservable at the empirical level (in a rural context).
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In the �rst period all household members pool their in-farm labor supplies
�
Tf =

P
i
Tif

�
:

In return, each of them receives an equal share of the agricultural product: 1
N Y (Tf ; L): In

the second period, only the member who captured the land can devote in-farm labor supply

to it (Tf = Tif ) : In return, he/she received the entire agricultural product: Y (Tf ; L): Let w

denote the return from each-unit of labor supply devoted to o¤-farm activities21.

We assume that household members can in�uence future land allocation by working in

the in-farm activity. The idea is that working the land strengthens the claims over it22.

On the other hand, an eventual dispute could be settled through a court, be it an Agrarian

Tribunal or a less formal local village council. The ability of courts to intervene and settle the

dispute increases with land property rights (�). Weak property rights over land leave room

for expropriation from other households (E):

De�ne the winning probability of member i as a function of own in-farm labor-supply

(Tif ), others�in-farm labor supplies (Tkf ; with k 6= i), external labor supply (TE) and land

property rights (�) in the following way:

pi =

8>><>>:
p

 
f(Tif1)

f(Tif1)+
P
k 6=i

f(Tkf1)+f(TE)
; �

!
if f(Tif1) +

P
k 6=i

f(Tkf1) + f(TE) > 0

p
�
1
N ; �

�
otherwise

;

where p1 > 0; p11 < 0; p2 > 0; p22 < 0; and p12 < 0: The �rst argument corresponds to a

rather general contest success function, where f 0 > 0 and f 00 < 0 (see Skaperdas (1996) for

an axiomatization and Gar�nkel and Skaperdas (2007) for a review of the literature). The

key assumption is that labor supply and property rights are substitutes in the land dispute.

21Clearly, when we consider migration w is the return net of all variable costs. Such costs are expected
monetary and non-monetary, where the non-monetary component can be substantial (Hanson (2010)). In case
of international migration there is also a substantial �xed costs. This is trivial to add to the model and it will
be considered in the empirical analysis.

22Since we don�t model heterogeneity across members of the same households, if they do not contest the
land their payo¤ is homogeneous across members. This could be interpreted either as equal probability of
inherit the land or equal division of the land inheritance. The latter could take place either directly by division
of the land, or indirectly through assignment of the land to the heir and monetary compensation to the others.
It would be possible to include some degree of heterogeneity across members through the contest success

function. This could account for speci�c inheritance rules like primogeniture. However, this would not alter
the qualitative prediction of the model.
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This assumption captures the idea household members�access to courts is increasing with the

available documentation.

The timing is the following:

� all household members choose simultaneously their labor supply allocation (Tif1; Tio1);

� nature chooses the heir with probabilities pi;

� the heir allocates his/her labor supply (Tif2; Tio2).

The generic member�s decision problem in the �rst period is:

max
Tif1;Tio1

1

N
Y (Tif1 +

X
k 6=i

Tkf1; L) + wTio1 + �
�
pi [Y (Tif2; L) + wTio2] +

�
1� pi

�
w �T
	

s:t:

8><>: Tif1 + Tio1 = �T

Tif1; Tio1 � 0

In case i becomes the heir, his/her decision problem in the second period will be:

max
Tif2;Tio2

fY (Tif2; L) + wTio2g s.t.

8><>: Tif2 + Tio2 = �T

Tif2; Tio2 � 0

It turns out (see the Appendix for a detailed analysis) that whoever captures the land

�nds worthwhile to devote some labor to it. This makes competition for the land asset salient

in the �rst period, which is when the strategic interaction takes place. In equilibrium all

members devote the same amount of in-farm labor-supply and this amount is positive.

Concerning the relationship between (�rst-period) labor-supply and land property rights,

the following result applies:

Proposition 1 Suppose that assumption 1 holds. Then household members� in-farm labor-

supply is decreasing in land property rights, while household members�migration is increasing
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in land property rights23:
dT �fi1
d�

< 0 and
dT �oi1
d�

> 0:

Since the proposition applies to each household member, it applies implicitly to the house-

hold as a whole:
dT �f1
d� < 0 and dT �o1

d� > 0:

4 Data and estimation method

4.1 Data

We consider the 1994 and 1997 ejido surveys. The 1994 survey was carried out by the Mexican

Ministry of Agrarian Reform (Segreteria de Reforma Agraria, SRA) in collaboration with

University of California Berkeley and is designed to be nationally representative of all ejidos

(and communities) in Mexico.24 The 1997 survey was carried out by the Ministry of Agrarian

Reform with the World Bank following the same survey design as in 1994. The surveys provide

information on 1,286 panel households.25

The surveys provide detailed information on household members�demographic character-

istics, past migration experiences, current migration experiences of children of the household

head living outside the house, use of land, equipment, and ejido characteristics.26

23 If the members� equilibrium in-farm labor supply happens to be a corner solution (T �if1 = �T 8i), then
in-farm labor (migration) is weakly decreasing (increasing) in land property rights.

24The survey is representative at the state level. Ejidos were selected from each state except Chiapas, where
con�ict prevented �eldwork. Details can be found in de Janvry, Gordillo, and Sadoulet (1997).

25The attrition rate was only 4.0%. See World Bank (1999): Annex 2 for details. The program started
between 1993 and 1994, i.e., only a few months before the 1994 survey, which was conducted during the
summer. We exclude 14 households as they belong to ejidos with missing information regarding the program,
108 households as they belong to ejidos that completed the program before the 1994 survey, 15 households
because they are private landowners, 113 households due to unclear status (to be speci�ed later), and 110
households because they belong to communities instead of ejidos. The �nal sample has 926 households in 221
ejidos.

26These data have been used by several other authors for a variety of purposes: ejido reforms (World Bank
(1999), World Bank (2001), Munoz-Pina, De Janvry, and Sadoulet (2003), migration (Winters, de Janvry,
and Sadoulet (2001); Davis and Winters (2001)), o¤-farm activities (de Janvry and Sadoulet (2001)) and cash
transfer programs (Sadoulet, Janvry, and Davis (2001)).
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4.2 Migration to the United States

Mexicans started migrating to the US from rural areas following the construction of railroads

in the early 20th century and the Bracero program from 1942 to 1964 (Hanson 2006). De

Janvry, Gordillo, and Sadoulet (1997) show that the variation in migration experience among

ejidatarios� cohorts is consistent with them having been part of this migration �ow. Out-

migration is historically high in the northern and central regions. These regions also constitute

the primary location of ejidos; our �nal sample of ejido households is located primarily in

the central (29.48%) and northern (22.57%) regions, followed by the Gulf (17.28%), south

Paci�c (16.95) and north Paci�c (13.71%) areas. The distribution of ejido households across

Mexican states is positively but not perfectly correlated with the 1994 population distribution

for the entire Mexico (the state-level correlation is 0.44). In turn, state migration rates

are positively correlated with the distribution of ejido households (0.30) but not with the

population distribution (-0.02).27

In order to identify migrant households we construct a binary indicator taking the value

one if any household member who is currently living at home has been in the US within the

previous three years or if any child of the household head currently lives in the US. Migrant

households amount to 15 percent in 1994 and 29 percent in 1997. The average number of

migrants per household is 0.3 in 1994 and 0.72 in 1997. These migration rates are consistent

with Winters, de Janvry, and Sadoulet (2001) for 1994 and with Davis and Winters (2001)

for 1997. The increase in the number of migrants from 1994 to 1997 (0.420) corresponds to

about 1,384,281 additional migrants (both temporary and permanent).28 U.S. Immigration

and Naturalization Service (2003) provides some yearly estimates of the number of illegal

Mexicans who entered the US during the period 1990-1999; the number of additional migrants

for the period 1994-1997 is 1,873,000 illegal entrants. These estimates rely on assumptions

27Conteo de Poblacion y Vivienda (1995). Own tabulations. Migration is de�ned as the share of the
population that migrated to the United States within the previous �ve years.

28The number of additional migrants is obtained by multiplying the number of ejidos (26,796, according
to World Bank 2001) with the average number of landed households per ejido (123) and the increase in the
number of migrants per landed household (0.420). Using the estimates in Winters and Davis (2001), one
obtains 875,184 additional migrants, perhaps because they include "comunidades", which typically have low
migration rates.
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of under-counting and should be used cautiously. According to Hanson (2006), the true �ow

could be 15 percent higher than the estimate reported by INS, i.e., 2,153,950 entrants. During

the same period, the number of legal Mexican migrants was 511,883 (U.S. Immigration and

Naturalization Service (1999)). Hence, the total number of migrants is between 2,384,883 and

2,665,883. Based on these estimates, the 1994-1997 increase in the number of migrants from

Mexican ejidos corresponds to 52-58 percent of the number of Mexicans who entered the US.

This is consistent with migration stemming primarily from rural areas and ejido households

constituting a large fraction of the rural population.29

4.3 Identi�cation strategy

In this paper we exploit both the timing of the certi�cation program and heterogeneity in

farmers�status within ejidos to identify the impact of the program on household migration

behavior. The 1997 ejido survey contains detailed information on the implementation of the

program. Ejidos that completed the program before the 1997 survey are termed "program

areas," whereas those that did not are termed "non-program areas." Households in non-

program areas constitute our �rst control group. Ejidatarios in program areas bene�t from

the program as they receive the certi�cate for their houses and their individual plots as well

as for access to common land.30

Program timing may be far from randomly allocated: government o¢ cials may have im-

plemented the program according to ease of entry; the decision to implement the program by

the ejido assembly may have su¤ered from collective action problems and from the resolution

of internal land con�icts. Table 1 shows the self-reported explanations for the decision to

implement or not implement the program. As can be seen, the primary reason to imple-

ment the program was tenure security (88.3%), followed by willingness to solve border issues
29According to de Janvry (1995) ejidos include 70 percent of all Mexican farmers.
30 In the 1997 ejido survey, 13% of ejidatario households in program areas report no Procede certi�cate for

their individual plots. An additional 9% report to have receive Procede certi�cates for some but not all their
plots. The (unobserved) reasons could be the following. First, some of the certi�cates might have not arrived
yet. This is consistent with relatively low certi�cation rates in ejidos certi�ed in 1997 and in ejidos where the
date of reception of the certi�cates is missing. Second, households may own land in ejidos, di¤erent from the
one they live in, which have not been certi�ed yet. Partial and delayed certi�cation makes the estimation of
the LATE of the certi�cates problematic.
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(29.7%); the primary reason not to implement the program was lack of information (30.4%),

tax avoidance (15.9%), and border issues (15.9%). Overall, these explanations are certainly

interesting, yet the only surprising feature is the small role played by land market motives.

We will make use of some of this information later in the analysis.

In Table 2 we compare some observable ejido characteristics across program and non-

program areas prior to the program (Columns 1-3). Program areas have a higher percentage of

parceled land relative to common land, less ejidatarios, a more equal distribution of parceled

land, better infrastructure (access to paved road, electricity, drinking water and drainage,

existence of an assembly hall), and fewer boundary problems. The di¤erences suggest that

the program may have been directed to smaller and wealthier ejidos �rst, which is consistent

with World Bank (1999) and World Bank (2001).

Non-random program timing may be problematic if the determinants of program imple-

mentation are correlated with household migration behavior. In order to correct for this bias,

we could control for ejido characteristics that we found to be correlated with program imple-

mentation (selection-on-observables). However, there would be no way for us to be sure of

having included all relevant determinants.31

In order to improve our identi�cation strategy, we make use of non-eligible households as

an additional control group and compare the di¤erence in migration behavior between eligible

and non-eligible households in program areas with the di¤erence between eligible and non-

eligible households in non-program areas. Let Mi be an indicator for the migration behavior

of household i and let P and E indicate program areas and eligible status, respectively. Our

baseline comparison is:

fE[MijP = 1; E = 1]� E[MijP = 1; E = 0]g � fE[MijP = 0; E = 1]� E[MijP = 0; E = 0]g:

Let Mi(P;E) denote potential outcomes and assume that the program is randomly allo-

31Two potential confounding factors are the pre-NAFTA subsidies and migration networks. Entry into
NAFTA led to the removal of subsidies to agriculture and, possibly, to out-migration (de Janvry and Sadoulet
(2001), Sadoulet, Janvry, and Davis (2001)). This may bias our estimates if pre-NAFTA subsidies di¤ered
across program and non-program areas. The same is true for community migration networks (Winters, de Jan-
vry, and Sadoulet (2001), Munshi (2003)).
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cated across eligible and non-eligible households:

E[Mi(0; 1)jP = 0; E = 1]� E[Mi(0; 0)jP = 0; E = 0] =

= E[Mi(0; 1)jP = 1; E = 1]� E[Mi(0; 0)jP = 1; E = 0]:

Then we can re-write (see Appendix) the baseline comparison as:

E[Mi(1; 1)�Mi(0; 1)jP = 1; E = 1]� E[Mi(1; 0)�Mi(0; 0)jP = 1; E = 0]:

This expression corresponds to the mean e¤ect of the program on eligible relative to non-

eligible households. Since one of the control groups (non-eligible households in program areas)

gets partial access to the program, the potential outcomes within the second part of the

expression do not cancel out and the estimator corresponds to a downward biased estimator of

themean e¤ect of the program on eligible households (Heckman, Lalonde, and Smith (1999)).32

Non-eligible households in program areas receive the certi�cates for their housing plots; they

do not receive the certi�cates for their individual plots unless the ejido assembly recognizes

them in their status of possessors (which happens 66 percent of the times); they do not receive

the certi�cates of access to common land unless the ejido assembly upgrades them to ejidatario

status (which happens, on average, 34 percent of the cases).33

In order to identify eligible and non-eligible households, we make use of pre-program (1994)

data on possession of an ejido certi�cate. Households with a pre-program ejido certi�cate are

termed "eligible," whereas those without are termed "non-eligible."34 An informal check of

32The econometric issue is very similar to control group members having access to a substitute program
(Heckman, Hohmann, Smith, and Khoo (2000)) and to a measurement error in "eligibility" status among
comparison group members (Heckman, Lalonde, and Smith (1999), Heckman and Robb Jr (1985)). It is not
clear whether both mean e¤ects are Intent-To-Treat (ITT) e¤ects or not. For example, in Banerjee, Du�o,
Glennerster, and Kinnan (2010), part of control group members access the program and the authors still
present their estimator as an ITT.

33This share is the outcome of the following back-of-the-envelope exercise: in 1994 there were 87 eligible
households in program areas (Table 2); the ratio ineligible-eligible households in program areas in our sample
is 0.57, i.e., an average of 50 ineligible households in program areas; from 1994 to 1997 the number of eligible
households in program areas increased from 87 to 104, which corresponds to an upgrading of 34 percent of
ineligible households.

34According to Estados Unidos Mexicanos (1971) (Art. 69) and to Del Rey Poveda (2005):166, ejidatarios�
rights are acknowledged by certi�cation (certi�cado de derechos agrarios). Indeed, these certi�cates constitute
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the quasi-random assignment of the program across eligible and non-eligible households is to

compare observable characteristics of eligible and non-eligible households across program and

non-program areas prior to the program. The results (Table 2) show a lack of signi�cant

di¤erences across groups (Column 9) in migration rates, household demographics, dwelling

characteristics, assets, and land transactions. Besides, even the comparison of each group

of households across program and non-program areas (Columns 3-5, 6-8) shows very little

di¤erences.35 Households�pre-program tenure security is unobserved, but there are strong

theoretical reasons to expect tenure security to be correlated with the intensity of land trans-

actions (Besley (1995), Besley and Ghatak (2010), and Deininger and Feder (2009)). Table 2

shows that land transactions were relatively widespread prior to the program, and that their

intensity does not di¤er across groups. This is consistent with case studies (Nuijten (2003))

suggesting that informal tenure security was relatively strong and supported widespread black

markets.36

The 1997 ejido survey also includes information on the date of completion of the program.

This will allow us to separate program areas into early (1994-1995) and late (1996-1997)

program areas. This di¤erentiation captures the fact that households in early program areas

had more time to adjust their migration behavior. It may therefore also be appropriate to

compare eligible and non-eligible households across early and late program areas (Table A2

in the online appendix). Notwithstanding the limited sample size, there are remarkably few

di¤erences between eligible and non-eligible households across early and late program areas

(Column 8).

By using non-eligible households as an additional control group, we control for all di¤er-

ences across program and non-program areas shared by the two groups. Still, it could be that

migration behavior di¤ers between eligible and non-eligible households across program and

non-program areas due to factors other than the certi�cation program.

One way to relax this identi�cation assumption is to control for household-level charac-

the basis for the delivery of the new certi�cates (Art.4 Transitorios, Estados Unidos Mexicanos (1992)).
35Table A1 (online appendix) con�rms the comparability of the two groups across program and non-program

areas with 1997 data.
36 In fact, pre-1992 land transactions were illegal but widely accepted within ejidos (Yates (1981):181, and

NACLA (1976):18, cited in Heath (1990):34).
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teristics, which we select based on the migration literature. Descriptive statistics comparing

migrant and non-migrant households (not reported) show that migrant households are bigger,

associated with a greater number of siblings of the household head abroad,37 less likely to

be indigenous, and associated with greater land assets and better dwelling characteristics.

On the other hand, their household heads are older and less educated (but equally literate).

Average schooling is similar.38

Another way to relax our identi�cation assumption is to exploit the time-series dimension

of our dataset. By doing so, the identi�cation assumption is that the di¤erence in migration

behavior between ejidatarios and non-ejidatarios across program and non-program areas does

not vary over time due to factors other than the certi�cation program. Thus, we allow for a

di¤erence in migration behavior, but it must be constant over time.

4.4 Regression speci�cation

The model presented in Section 3 predicts that an increase in land property rights causes a

decrease in in-farm labor supply and an increase in o¤-farm labor supply. The prediction is

valid both at the individual and household level. In this section we will test the prediction at

the household level. Since the household surveys are rich in questions on household members�

migration experiences but not on in-farm labor supply, we will focus on the former. The

outcome of interest is household migration status (see Sub-section 4.2). As a robustness

check, we will also report the results for the number and for the share of migrant members.

We estimate 1997 household migration status with the following Linear Probability Model

(LPM):

yik = �1 + �1wi + �1(wi � eik) + 
1eik + �011Zik + �012 (Zik � eik) + �013Xi + "1ik; (1)

37The number of siblings of the household head abroad is a proxy for the strength of the household migration
networks (Winters, de Janvry, and Sadoulet (2001)).

38The absence of selection in terms of education is surprising with respect to the literature on Mexican
migration. However, note that the average level of education is very low in our sample (3-4 years of schooling),
while Chiquiar and Hanson (2005) show that, in 1990, 73.9 percent Mexican residents had more than four
years of education.
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where yik 2 f0; 1g is the migration status of household k in ejido i; wi 2 f0; 1g indicates

whether ejido i completed the program before the 1997 survey, eik 2 f0; 1g indicates whether

household k in ejido i is eligible, Xi is the vector of ejido-level controls, Zik is the vector

of household-level controls, and "1ik is the error term clustered at the ejido level. We will

also estimate the 1997 household migration status using a Logit model39. Equation (1) then

corresponds to the latent variable speci�cation. The household-level controls (Zik) are the fol-

lowing: household composition (age of the household head, number of adult members, fraction

of females among adult members, average literacy40, average schooling of adult members41),

migration assets (number of siblings the household head abroad)42, and land assets (land used

in 1994). The ejido-level controls (Xi) are the following: land (ejido area in logarithm, share

of common land with respect to common and parceled land), population composition (dummy

for indigenous ejidos, membership to ejido union), and infrastructure (access to paved road).

The identi�cation of the impact of Procede on eligible households (�1) in (1) requires that

there is no di¤erence in migration behavior between eligible and non-eligible households across

program and non-program areas driven by factors other than the program or the set of controls

we include. This speci�cation lets us control for all unobserved di¤erences across program and

non-program areas common to both eligible and non-eligible households (�1) ; like distance

from the border (which a¤ects the cost of migration), historical community networks (which

a¤ect both the cost of migration and its expected return), and varying implementation of

the program (due for example to administrative capacity of the Procuraduria Agraria across

areas).

To address the possibility that the identi�cation assumption does not hold, we exploit

the time dimension of our dataset and estimate household migration status according to the

following Pooled Linear Probability Model:43

39The marginal e¤ect of the interaction term is computed according to Norton, Wang, and Ai (2004).
40This information is available for members currently living at home only.
41Adult household members are at least 15 years old.
42Notice that the siblings of the hosuehold head may have been part of the household before migrating.

Therefore, our measure of household migration assets in 1997 may be partly endogenous to the program. In
order to avoid this possibility, we consider its pre-program (1994) value.

43Again, we will also estimate household migration status using a Logit model (following Cornelissen and
Sonderhof (2009) to compute the marginal e¤ect associated with the triple interaction term).
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yikt = �21wi + �22 (wi � 1997) + 
21eik + 
22 (eik � 1997) + 
231997 + (2)

+�21 (wi � eik) + �22 (wi � 1997 � eik) + �021Zik + �022 (Zikt � eik)+"2ikt;

where yikt is the migration status of household k in ejido i at time t; wi is the dummy for

ejidos that received certi�cates in 1997, and eik is the dummy for eligible households. The

identi�cation of the impact of Procede on eligible households (�22) requires that the di¤erence

in migration behavior between eligible and non-eligible households across program and non-

program areas, due to factors other than the program and the included controls, is constant

over time. This assumption is weaker than the previous one, because now we control also

for time-invariant unobserved di¤erences between eligible and non-eligible households across

program and non-program areas (�21).

5 Results

5.1 Impact of Procede on migration

Table 4 shows the results associated with the cross-section speci�cation (1). Without con-

trolling for any background characteristics, the coe¢ cient estimate associated with eligible

households in program areas is positive and large (0.115), but not signi�cant at conventional

levels. We then control for background characteristics (Column 2): the coe¢ cient is now

larger (0.127) and marginally signi�cant. The marginal e¤ect associated with a Logit model

(Column 3) has similar magnitude (0.119) and is also marginally signi�cant. The result is

robust to the use of alternative dependent variables, such as the number of migrants (Column

4) and the ratio of migrants to adult household members (Column 5).

The direction, magnitude, and signi�cance of the coe¢ cients associated with the control

variables are quite consistent with basic economic theory; i.e., the opportunity cost of mi-

gration decreases with household size if agriculture is characterized by decreasing marginal
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returns (each additional adult increases the likelihood of migrant status by 3 percent), and

cultural barriers and geographical distance from the US are associated with less migration

(the coe¢ cient associated with indigenous ejidos is negative in all speci�cations).

In order to �nd out the seriousness of the concern for endogenous selection into the program

we restrict the sample to non-eligible households who did not receive any certi�cate and

estimate a di¤erence-in-di¤erence model comparing program and non-program areas before

and after the introduction of the program. Table 5, Panel A, shows the results: the coe¢ cient

associated with non-eligible households in program areas is negative, small, and insigni�cant

(between -0.035 and -0.062).

Table 5, Panel B, shows the results associated with the panel speci�cation (2). The coe¢ -

cient estimate associated with eligible households in program areas is positive, large, and sig-

ni�cant or marginally signi�cant in all speci�cations (Columns 1-8). Since households in early

program areas (1994-1995) had more time to adjust their migration behavior than households

in late program areas (1996-1997), we re-estimate some of the speci�cations using program

timing, which takes the value 1 for late program areas and the value 2 for early program

areas (Columns 8-10). The coe¢ cient estimate is positive and signi�cant, and its magni-

tude is consistent with the baseline estimates. Note that the magnitude, which ranges from

0.112 to 0.129, is remarkably similar to the one associated with the cross-section speci�cation,

which suggests the absence of any unobserved time-invariant di¤erence in migration behavior

between eligible and non-eligible households across program and non-program areas.44 The

coe¢ cient estimates associated with non-eligible households in program areas (program*1997)

and eligible households in non-program areas (eligible*1997) are much smaller and generally

insigni�cant, which is also reassuring45.

A coe¢ cient estimate of 0.12 is very large. It constitutes an increase in migration rates

44As a robustness check, we re-estimate speci�cation (2) controlling for non-land household assets that had
shown some di¤erences across groups in Table 3. Since they may be a¤ected by the program, we include
pre-program assets in levels and interacted with the time dummy. Table A3 shows the results: the coe¢ cient
of interest is robust to these additional controls (0.112-0.118), although we lose some precision in some of the
speci�cations.

45We also estimated a DD speci�cation with sample restricted according to eligibility status. Table A4
shows the results for eligible households (Panel A), ineligible households (Panel B) and without distinction in
terms of eligibility (Panel C).
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of 80 percent relative to the 1994 average migration status (0.15) and 85.7 percent relative to

the 1994-1997 time trend (0.14). Since eligible households in program areas are 32.2 percent

of the entire sample, our coe¢ cient estimate explains 27.6 percent of the overall 1994-1997

increase in migration. The land certi�cation program appears to have had a profound impact

on ejidatarios�migration behavior. In terms of number of migrants, our coe¢ cient estimates

correspond to 429,238 additional migrants.46 As discussed in Sub-section 4.2, the number of

migrants from Mexican ejidos during the period 1994-1997 equaled 1,384,281 people, while

the number of Mexican migrants ranged between 2,384,883 and 2,665,883 people. Hence, the

coe¢ cient estimates explain 31 percent of the increase in Mexico-US migration from the ejido

sector and 16-18 percent of the entire Mexico-US migration.

This magnitude can be explained in terms of great initial tenure insecurity. However,

it is also consistent with the coe¢ cient capturing part of the legal changes introduced with

Estados Unidos Mexicanos (1992) (see Section 2). This would be the case if, for example,

eligible households in non-program areas were not aware of such legal changes or presumed

that they were conditional on the certi�cation. In this case the impact of the program would

capture not just a de facto change in property rights, but also a de jure one.

We know that implementation of the program required the substantial resolution of border

issues within eligible households and between eligible and non-eligible households. Thus,

one may worry that our selection into the program may be a¤ected not just by the eligible

households, but also by non-eligible households. If so, our identi�cation strategy would fail to

control for unobservable characteristics that could, in principle, be correlated with household

migration behavior. We therefore re-estimate speci�cation (2) excluding all the households

within ejidos that report to have implemented (or failed to implement) the program to solve

border issues or con�icts between eligible and non-eligible households. Table A5 shows the

results: the coe¢ cient associated with eligible households in program areas is positive, large,

and marginally signi�cant in all speci�cations. The magnitude is similar (slightly higher) as

previously found: it ranges from 0.134 to 0.155. Thus, we �nd no evidence that this particular
46This magnitude is the result of the following expression: 26,796 (ejidos, according to World Bank 2001)

*111/211 (share of program areas) *87.01 (average number of eligible households) *0.350 (impact on the number
of migrants).
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selection mechanism drives our results.

Finally, note that our theoretical model generates a prediction that may be applied not

just to international migration but also to domestic migration and o¤-farm labor within the

village. So far our analysis has focused only on the �rst margin. There are two reasons for

this. First, the impact on international migration is arguably the most interesting among the

three. Second, the survey was designed with a particular focus on international migration,

whereas the emphasis on o¤-farm labor was not as strong. As regards domestic migration,

we know whether household members migrated to another state. However, it is not possible

to tell whether they migrated to an urban area within the same state or remained in the

same village. Regarding o¤-farm labor supply, it would be desirable to know the number

of in-farm and o¤-farm labor hours (like in Field (2007) and Do and Iyer (2008)). To this

end, we will have to rely on the information about the primary and secondary occupation

of household members living at home. Speci�cally, we estimate the impact of the program

on non-agricultural status, i.e., at least one member currently living at home works outside

agriculture. Table A6 shows the results: the coe¢ cient estimate of interest is negative and

never signi�cant, and its magnitude varies across speci�cations. Thus, we �nd no evidence

of an impact on o¤-farm labor for members currently living at home. This could be driven

by measurement error in the dependent variable or simply be due to international migration

absorbing the entire impact of the program on o¤-farm labor.

A subtle negative general equilibrium e¤ect of the program has to do with social cohesion

within the community. Community cohesion implies non-monetary ties that prevent people

from migrating abroad (Hanson (2010)). The program may have damaged such cohesion. This

would not bias our parameter estimate of interest if both eligible and non-eligible households

were a¤ected in the same way, while it could bias the coe¢ cient upwards if eligible house-

holds were a¤ected more than non-eligible ones. Fortunately, our community and household

questionnaire includes a question on the e¤ects of the program on social cohesion (only for

program areas), reading: "If the ejido implemented the program, how has the program af-

fected social cohesion? (more, same, less)." The fact that social cohesion was not a¤ected
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(67.77%) or even increased (22.51%) and that these percentages are identical across eligible

and non-eligible households is reassuring.

5.2 Do di¤erences in migration behavior re�ect anticipatory responses to

the program?

One may wonder whether the certi�cation process may have led households to postpone their

migration decision rather than having increased the incentive to send one or more household

members abroad. For example, it could be that household members feared being left out

from the certi�cation process and therefore waited for the certi�cate to reach the household

before deciding to migrate. It could also be that household members abroad returned home

just before the program started to ensure that they would not lose future assets, and then

went abroad again. If this were the case, we would be confounding a short-term behavioral

response to the program with a structural change in the households�migration strategy. In

terms of tenure security, we would mistakenly take short-term tenure insecurity generated by

the program itself for a permanent increase in tenure security.

In order to rule out this possibility, we make use of future timing in speci�cation (1) using

the 1994 household survey. If there is anticipatory behavior, then households in early program

areas should migrate less than households in late program areas. Table 6, Panel A, shows

that the coe¢ cient estimates associated with this exercise are insigni�cant and very close to

zero, regardless of whether we consider program relative to non-program areas (Columns 1-6)

or soon-to-be-certi�ed areas (certi�ed August-December 1994) relative to all others (Columns

7-9), and whether we add controls, use a non-linear model or alternative dependent variables.47

Second, the 1997 community questionnaire identi�es non-program areas that have initiated

but not completed the program (henceforth in-process areas). In contrast to the 1994 soon-to-

be-certi�ed areas, we do not know when the 1997 in-process areas will complete the program

or whether they will do so before the areas that have not yet started it. If this distinction

between non-program areas runs along the lines of some unobserved characteristic other than
47The results are similar if we extend the time window for soon-to-be-certi�ed areas to ten months (August

1994 - May 1995).
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the timing of the program, then our previous identi�cation assumption does not guarantee

the correct identi�cation of the impact of the program on in-process areas or the impact of the

program on program areas. Keeping this caveat in mind, we estimate the panel speci�cation.

Table 6, Panel B, shows the results: the coe¢ cient estimate associated with eligible households

in in-process areas is negative, relatively small, and insigni�cant; the coe¢ cient estimate

associated with eligible households in program areas is generally consistent with the previous

�ndings, although slightly smaller, and not always precisely estimated.

Overall, anticipation issues do not seem to explain the evidence gathered so far, although

we cannot exclude that they did play a minor role.

5.3 Impact heterogeneity and the inheritance channel

Impact heterogeneity may be used to identify the channel(s) through which the property

rights-migration relationship takes place.48 In Section 3, we suggested the land inheritance

mechanism, i.e., uncertain property rights keep landless family members home as they fear to

lose their land inheritance in case of departure.

In order to test this mechanism, we divide households depending on whether the household

head has written a will and re-estimate speci�cation (2) for each sub-sample. The program

should have a strong impact on households with no will, as it reduces the relatives� need

to stay home to defend their informal property rights over the land inheritance (since the

certi�cate allowed them access to the Agrarian Tribunal to solve any dispute). Yet, we expect

the program to have little or no impact on households with a will, as the identity of the heir

is known and there is less room for dispute. Any competing rationale (Section 3) would have

di¢ culties explaining heterogeneity of the impact of land property rights across households

with and without a will. Table 7 shows that, in support of the inheritance mechanism,

the coe¢ cient of interest is positive, large, and signi�cant among households without a will

(Column 3: 0.147), while it is small and insigni�cant among households with a will (Column

48 In the working paper version we also explore the impact heterogeneity with respect to land assets.
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2: 0.039).49

It is important to recognize that such evidence is not conclusive. We do not know why

some households have a will and some do not. Del Rey Poveda (2005:185-186) argues that

household heads may avoid writing a will to reduce their children�s willingness to migrate.

This concern does not seem very problematic, as it may work as an attenuation bias.

A more serious concern is whether the program led households to write a will. There is

anecdotal evidence suggesting that, while implementing the program, o¢ cials suggested that

households deposit a will (Del Rey Poveda (2005):179). If eligible household heads with low

propensity to migrate wrote down a will following the program to a larger extent than non-

eligible household heads did, then the coe¢ cient estimate associated with households with a

will (Column 2) is downward biased, while the coe¢ cient estimate associated with households

without a will (Column 3) is upward biased. Fortunately, this is not what our data suggest.

The distribution of wills across households (in 1997)50 is 25% and 34% respectively for non-

eligible and eligible households in non-program areas, and 45% and 37% respectively for

non-eligible and eligible households in program areas. Thus, it seems that the program led

more non-eligible household heads to write a will than eligible ones, rather than the other way

around. If the decision to write a will was somehow related to migration behavior, it would

have to work like an attenuation bias. Nonetheless, we know too little about the determinants

of the decision to write a will (and our data do not allow for much more than what we do

here), and hence we interpret the evidence in Table 7 as an interesting correlation rather than

as conclusive evidence.

In Table A7 we look at two other potential channels: land rental transactions (Panel A)

and wage non-family labor (Panel B). In both cases the outcome is a binary variable indicating

whether the household has been involved in a land transaction within the previous three years,

and whether the household has hired non-family labor within the previous 24 months. In both

cases, the coe¢ cient estimate of interest is always small and never signi�cant.51 Another
49 It is also consistent with a slightly di¤erent rationale (included in the model in Section 3), i.e., rather than

attenuating the competition among potential heirs, land property rights attenuate the fear of expropriation by
other community members.

50The information about households�will is only available for 1997.
51The results are the same if we consider the number of land rental transactions.
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outcome it would be interesting to consider is land sales transactions, but they are too few in

our sample to even try to estimate a model. Thus, we �nd no evidence supporting channels

other land inheritance.

6 Conclusion

In this paper we ask whether there is a relationship between land property rights and in-

ternational migration. We identify the impact of land property rights by making use of a

country-wide certi�cation program in Mexico ejido sector. Speci�cally, we exploit both the

gradual introduction of the program and households�eligibility status.

Comparing eligible and ineligible households, we �nd that the program increased the

likelihood of having one or more members abroad by 12 percent. The result is robust to

the use of alternative econometric models and dependent variables. In terms of number of

migrants, our coe¢ cient estimates explain 31 percent of the 1994-1997 increase in Mexican

migrants from ejido areas and 16-18 percent of the increase from the entire Mexico.

We also �nd some evidence that the impact of the program occurred through the land

inheritance channel, initially suggested by Galiani and Schargrodsky (2010a). The land in-

heritance channel implies that household members refrain from migrating because they worry

about losing their land inheritance. Better land property rights attenuate this problem, thus

acting as a substitute for a well-de�ned land inheritance rule. Consistent with our model, the

impact on migration is strongest in households where the landowner has not provided a will.

It is di¢ cult to reconcile this correlation with alternative rationales.

Evidence of a relationship between land property rights and international migration is

interesting also for other reasons. Notwithstanding its recent increase, the level of global

migration is rather low (3% of world population). This is at odds with a high cross-country

wage di¤erential and the cost of crossing borders illegally, which for at least some countries is

non-prohibitive. Our analysis suggests that weak land property rights constitute a (typically

unobserved) migration cost. This �nding may help reconcile the puzzle.
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Although the results are speci�c to Mexico, whose proximity to the US makes it the

country with the largest stock of emigrants in the world, it would not be surprising to �nd

similar e¤ects for other countries as well, although possibly limited to internal migration. In

2009 the World Bank allocated about US$1.5 billion to 46 Land Administration Projects all

over the world (Deininger and Bell (2010)). Many of them have emigrant to population ratios

greater than Mexico (Azerbaijan, Bosnia and Herzegovina, Kyrgyz Republic, Macedonia,

Nicaragua, Tajikistan and Ukraine).52 It would be interesting to investigate whether the

studied relationship holds for these countries as well.

52See World Bank (2011). All countries mentioned have emigrant to population ratios above 10 percent.
The Philippines, which is also implementing a Land Administration project, has a ratio just below 10 percent.
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Appendix

7 Theoretical model

7.1 Equilibrium

The decision problem for household member i can be solved by backward induction.

First, consider member i�s second-period allocation choice (in case of capture of the land

inheritance). Drop the time-subscripts and write o¤-farm labor supply in terms of in-farm

labor supply: Tio = �T �Tif : Once we do this, the choice variable is only the amount of in-farm

labor supply and we can further simplify the notation: Tif = Ti: Member i faces the following

problem:

max
Ti

�
Y (Ti; L) + w( �T � Ti)

	
s.t.

8><>:
�T � Ti � 0

Ti � 0

The corresponding �rst-order conditions are:

8><>: Y1(T
�
i ; L)� w + � � 0 (= 0 if T �i > 0)

� � 0; with �( �T � T �i ) = 0

where � is the Lagrange multiplier associated with the �rst constrain.

The end-point restriction in assumption 1 ensures that i�s in-farm labor supply is strictly

positive. However, we could either have an internal solution (T �i = Y �11 (w)) or a corner

solution (T �i = �T ). Label i�s optimal choice as T �i = T̂ ; where T̂ = min
�
Y �11 (w); �T

�
:

If member i does not capture the land inheritance, then he has access only to migration

and so T �i = 0:

Consider i�s �rst-period decision problem. Again, drop the time subscript and write o¤-

farm labor supply in terms of in-farm labor supply. Member i faces the following maximization
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problem:

max
Ti

1

N
Y (Ti +

X
k 6=i

Tk; L) + w( �T � Ti) + �
n
pi
h
Y
�
T̂ ; L

�
� wT̂

i
+ w �T

o
s:t: �T � Ti � 0; Ti � 0

The corresponding �rst-order conditions are:

8>><>>:
1
N Y1 � w + �

h
Y
�
T̂ ; L

�
� wT̂

i
f 0(T �i )

"P
k 6=i

f (Tk) + f(TE)

#
��2pi1 + � � 0 (= 0 if T �i > 0)

� � 0; with �( �T � T �i ) = 0
(i)

where Y1 � Y1(T
�
i +

P
k 6=i

Tk; L); � � f (T �i ) +
P
k 6=i

f (Tk) + f(TE); p
i
1 � p1

�
f(T �i )
� ; �

�
; and

� is the Lagrangean multipliers associated with the �rst and second constraint.

Since the structure of the decision problem is identical for all household members, their

optimal choices will also be identical. This, joint to the end-point restriction we made in

assumption 1, ensures that i�s optimal in-farm labor supply will be strictly positive. Thus, we

could either have an internal solution or a corner solution where i devotes the labor supply

exclusively to the in-farm activity.

Consider the case of an internal solution. De�ne the argument of the maximization prob-

lem in (i) as W i; so that the �rst-order condition for household member i corresponds to

equation (i) without the Lagrangian multipliers, which we can recall as

T �i :W
i
Ti(T

�
i ; Tk 6=i) = 0: (ii)

This is the necessary condition for T �i to be optimum. The second-order condition is:

W i
TiTi =

1

N
Y11 +

8><>: pi11 [f
0(T �i )]

2
hP

k 6=i f (Tk) + f(TE)
i2
��2+

+pi1

h
f 00(Ti)� 2 [f 0(Ti)]2��1

i hP
k 6=i f (Tk) + f(TE)

i
9>=>; a

where Y11 � Y11(T
�
i +

P
k 6=i

Tk; L); � � f (T �i ) +
P
k 6=i

f (Tk) ; p11 � p11

�
f(T �i )
� ; �

�
, p1 �
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p1

�
f(T �i )
� ; �

�
and a � �

h
Y (T̂ )� wT̂

i
(�)�2 :

Since Y11; p11 and f 00 are negative, while p1 and f 0 are positive, then W i
TiTi

< 0: So the

function W i is strictly concave and equation (ii) is a su¢ cient condition for T �i to be the

maximum.

The pure-strategy Nash equilibrium is the vector of optimal in-farm labor supplies (T �1 ; ::; T
�
N )

with generic element T �i such that equation (ii) is valid simultaneously for all household mem-

bers. As we noticed above, in equilibrium household members�equilibrium choices will be

identical: T �1 = T �2 = :: = T �:

7.2 Comparative statics

Notice that the equilibrium condition for household member i isW i
Ti

�
T �1 ; ::; T

�
N ;N;L;w; �; s;

�T ; �
�
=

0: Totally di¤erentiate W i
Ti
and assume that dN = dL = dw = d� = ds = d �T = 0; while

d� 6= 0: Then the comparative static for household member i is:

dT �i
d�

=

����������
W 1
T1T1

:: �W 1
T1�

:: W 1
T1TN

:: :: :: :: ::

WN
T1TN

:: �WN
TN�

:: WN
TNTN

��������������������
W 1
T1T1

:: W 1
T1 /T i

:: W 1
T1TN

:: :: :: :: ::

WN
T1TN

:: WN
TNTi

:: WN
TNTN

����������

(iii)

where all elements are evaluated in correspondence of the equilibrium vector (T �1 ; ::; T
�
N )
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and the generic elements W i
TiTi

; W i
TiTj

and W i
Ti�

are:

W i
TiTi =

1

N
Y11 +

8><>: pi11 [f
0(T �i )]

2
hP

k 6=i f (T
�
k ) + f(TE)

i2
(��)�2+

+p1

h
f 00(T �i )� 2 [f 0(T �i )]

2 (��)�1
i hP

k 6=i f (T
�
k ) + f(TE)

i
9>=>; a

W i
TiTj =

1

N
Y11 +

8><>: �pi11f 0(T �i )
hP

k 6=i f (T
�
k ) + f(TE)

i
f 0
�
T �j

�
f(T �i ) (�

�)�2+

+p1

n
1� 2

hP
k 6=i f (T

�
k ) + f(TE)

i
(��)�1

o
f 00(T �j )f

0(T �i )

9>=>; a

W i
Ti�

= p12f
0(T �i )

24X
k 6=i

f (T �k ) + f(TE)

35 a
Since in equilibrium T �1 = :: = T �N = T �; the previous expressions can be simpli�ed

signi�cantly: f (T �i ) = f
�
T �j

�
= f (T �) = f;

P
k 6=i f (T

�
k ) + f(TE) = �� � f; f 0 (T �) � fT ,

f 00 (T �) � fTT 8i; j and f(TE) = fE : We also drop the star symbol from ��: The previous

expressions become:

W i
TiTi =

1

N
Y11 +

n
p11 (fT )

2 (�� f)2��2 + p1
h
fTT � 2 (fT )2��1

i
(�� f)

o
a

W i
TiTj =

1

N
Y11 +

n
�p11 (fT )2 (�� f) f��2 + p1

�
1� 2 (�� f)��1

�
(fT )

2
o
a

W i
Ti�

= p12fT (�� f) a

Consider the denominator in equation (iii). Subtract column (N) from columns (1) to

(N-1) and "move out" the common factor a from columns (1) to (N-1). Then add rows (1) to

(N-1) to row (N).

Consider the numerator. Extract the common factor from column (i). Then subtract row

(i) from all other rows and extract the common factor a from the latter.
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= �a
NfT (�� f) p12

aN�1

��������������������

 0 :: 0 :: 0

0  :: 0 :: 0

:: :: :: :: :: ::

W i
TiT1

W i
TiT2

:: 1 :: W i
TiTN

:: :: :: :: :: ::

0 0 :: 0 ::  

������������������������������������

 0 :: 0 W 1
T1TN

0  :: 0 W 2
T2TN

:: :: :: :: ::

0 0 ::  WN�1
TN�1TN

0 0 :: 0 �

����������������
= �afT (�� f) p12

�
= � afT (�� f) p12

Y11 + p1

h
fTT (�� f)� (N � 1) (fT )2 � 2 (fT )2 fE��1

i
a

where  � p11 (fT )
2 (�� f)��1 + p1

h
fTT (�� f)� (fT )2

i
,

� � Y11+p1

h
fTT (�� f)� (N � 1) (fT )2 � 2 (fT )2 fE��1

i
a and W 1

T1TN
=W 2

T2TN
= :: =

WN�1
TN�1TN :

Since p12; Y11 and fTT are negative, while fT and p1 are positive, then
dT �i
d� < 0 8i = 1; ::; N:

Since Tio = �T � Ti; then dT �i
d� < 0 implies dT

�
io
d� > 0:

Consider the case of a corner solution: all household members devote their entire household

labor supply to the in-farm activity (T � = �T ). An increase in land property rights (�) may

not be enough to change the equilibrium choice from corner to internal, so the comparative

static will be dT �i
d� � 0 and

dT �io
d� � 0:
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8 Derivation of the estimator

Re-write the baseline comparison in terms of potential outcomes:

fE[Mi(1; 1)jP = 1; E = 1]� E[Mi(1; 0)jP = 1; E = 0]g+

�fE[Mi(0; 1)jP = 0; E = 1]� E[Mi(0; 0)jP = 0; E = 0]g:

The assumption of random allocation of the program across eligible and non-eligible house-

holds lets us manipulate this expression as follows:

fE[Mi(1; 1)jP = 1; E = 1]� E[Mi(1; 0)jP = 1; E = 0]g+

�fE[Mi(0; 1)jP = 1; E = 1]� E[Mi(0; 0)jP = 1; E = 0]g;

which clearly reduces to:

fE[Mi(1; 1)�Mi(0; 1)jP = 1; E = 1]� E[Mi(1; 0)�Mi(0; 0)jP = 1; E = 0]g:

41



Figure 1 

Law cases concerning land inheritance before and after Procede 

 

Note: the figure shows the differential increase of law suits concerning land inheritance (relative to 

other categories) after the program took place. See Morales Jurado and Colin Salgado (2006) for 

details. 
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Sample
Program areas (N=111)

Non-program areas, in process 
(N=41)

mean mean
Tenure security 0.883 0.756
Solve border issues 0.297 0.293
Obey the law 0.153 0.146
Access credit 0.108 0.098
Rent and sell the land 0.108 0.024
Access to Procampo 0.018 0.098
Invest in the land 0.018 0.000
Other 0.000 0.024

Sample
Non program areas, program 

not even started (N=69)
mean

Lack of information 0.304
Avoid taxes 0.159
Border issues 0.159
Avoid conflicts between ejidatarios and 
non-ejidatarios

0.087

They did not summoned us 0.029
Lack of documents 0.043
Avoid land transactions 0.014
No interest in selling and buying land 0.000
Other 0.000
Note: Data from the 1997 community-level ejido survey. Ejidos that had terminated or started to 
implement Procede were asked the reasons for their decision to implement. Ejidos that had not 
started to implement the program were asked about the reason for this.

Table 1
PANEL A: REASONS TO IMPLEMENT THE PROGRAM

PANEL B: REASONS NOT TO IMPLEMENT THE PROGRAM

43



Program No Program Diff Program No Program Diff
mean mean mean mean

(1) (2) (3) (4) (5) (6)
Log ejido area (ha) 6.85 7.14 * 7.00 7.16
% urban area wrt ejido area (ha) 3.53 3.41 2.80 2.28
% parcelled land wrt agr land (ha) 70.84 58.21 *** 73.02 59.80 ***
Number of ejidatarios ¹ 87.01 112.74 ** 104.46 108.65
Number of posesionarios¹ 9.67 24.87 **
Number of avecindados¹ 73.55 62.91 53.92 45.67
Ratio avecindados/ejidatario households 0.85 0.67 0.64 0.50
Average parcelled land per ejidatario (ha) 13.12 11.90 14.69 12.04
Inequality land² 6.03 9.85 * 9.33 10.10
Common land per ejidatario (ha) 9.84 8.64 9.43 10.56
Indigenous ejido 0.16 0.11 0.31 0.25
Membership to ejido union 0.32 0.41 0.25 0.28
Distance from closest urban centre (km) 23.93 27.59
Number of urban centres within a hour 1.72 1.39 *
At least one irrigation facility 0.42 0.31 *
At least one storing facility 0.15 0.19
Access to paved road 0.35 0.22 ** 0.70 0.58 *
% dwellings with electricity 79.79 71.31 * 82.32 80.05
% dwellings with drinking water 62.21 49.06 ** 68.13 54.57 **
% dwellings with drenage 15.19 13.22 14.06 9.41
Public phone 0.55 0.49 0.61 0.53
Street lightning 0.69 0.63 0.73 0.72
Auditorium/assembly hall 0.61 0.44 *** 0.64 0.38 ***
External boundary problems³ 0.24 0.59 *** 0.12 0.47 ***
Internal boundary problem³ 0.14 0.18
Boundary problem in communal land³ 0.14 0.40 *** 0.06 0.09
Squatting common land³ 0.12 0.30 ***
Kindergarden³ 0.80 0.85
Primary school³ 0.96 0.95 0.95 0.96
Secondary school³ 0.44 0.49
At least one social program 0.57 0.46 0.54 0.54
At least one environmental problem 0.42 0.50
Observations 111 110 111 110

N/A

N/A

* significant at 10%; ** significant at 5%; *** significant at 1%. Column (3) reports the significance of the difference (1)-
(2). Column (6) reports the significance level of the difference (4)-(5). Definition of "Program" in the text.
¹ Posesionarios  are households with ejido membership and formal right to land; avecindados  are households with ejido 
membership but no formal right to land, although part of them own land illegally; posesionarios  are households with no 
ejido membership and no formal right to land, although most of them owns land illegally.
² Land inequality measured as the ratio between the biggest and the smallest plot for entitled individuals. 
³ The definition of some variables differ across the two surveys: indigenous ejido (1997: "Are there people who consider 
themselves indigenous?"; 1994:"Does the majority belong to an ethnic group?"); external boundary problems (1997: "Are 
there boundary problems with other ejidos or other borderign private properties?"; 1994: "Are there law problems 
concerning the ejido borders?"); internal boundary problems (1997:"Are there boundary problems between ejidatarios 
about the division of parcelled land?"; 1994: none); boundary problems related to communal land (1997: "Are there 
border problems between ejidatarios about the assignment of communal land?"; 1994:"Are there problems concerning 
the borders of communal land?"); squatting of communal land (1997: "Is there communal land squatted by families 
without documentation?"; 1994: none); schools (1997:"Does the community have a kindergarden/ primary/secondary 
school?"; 1994:"Does the community have a school?").

N/A
N/A
N/A

N/A

N/A
N/A

Table 2
DESCRIPTIVE STATISTICS, COMMUNITY-LEVEL 

1994 1997

N/A

N/A

44



19
94

19
97

Al
l

Al
l

Pr
og

ra
m

N
o 

Pr
og

ra
m

Di
ff

Pr
og

ra
m

N
o 

Pr
og

ra
m

Di
ff

Di
ff-

di
ff

m
ea

n
m

ea
n

m
ea

n
m

ea
n

t-
st

at
m

ea
n

m
ea

n
t-

st
at

t-
st

at
(1

)
(2

)
(3

)
(4

)
(5

)
(6

)
(7

)
(8

)
(9

)
A:

 M
ig

ra
tio

n 
va

ria
bl

es
At

 le
as

t o
ne

 h
ou

se
ho

ld
 m

em
be

r c
ur

re
nt

ly
 li

vi
ng

 a
t h

om
e 

ha
s 

be
en

 a
br

oa
d 

(la
st

 3
 y

ea
rs

)
0.

04
0.

08
0.

04
0.

04
(0

.4
46

)
0.

02
0.

04
(-

1.
11

8)
(1

.1
96

)

At
 le

as
t o

ne
 h

ou
se

ho
ld

 h
ea

d'
s c

hi
ld

 is
 c

ur
re

nt
ly

 a
br

oa
d

0.
12

0.
23

0.
10

0.
15

(-
1.

43
9)

0.
09

0.
12

(-
0.

52
7)

(-
0.

44
2)

M
ig

ra
nt

 h
ou

se
ho

ld
 (l

as
t 3

 y
ea

rs
)

0.
15

0.
29

0.
14

0.
17

(-
0.

78
4)

0.
11

0.
15

(-
0.

62
9)

(0
.0

45
)

N
um

be
r o

f m
ig

ra
nt

s a
br

oa
d 

(la
st

 3
 y

ea
rs

)
0.

30
0.

72
0.

27
0.

38
(-

1.
04

8)
0.

20
0.

31
(-

0.
94

5)
(0

.0
13

)

B:
 H

ou
se

ho
ld

 c
om

po
sit

io
n

Ho
us

eh
ol

d 
he

ad
's 

ag
e

49
.8

5
52

.8
8

51
.0

6
50

.8
3

(0
.1

56
)

48
.0

4
47

.5
9

(0
.2

55
)

(-
0.

11
1)

Ho
us

eh
ol

d 
he

ad
's 

se
x

0.
97

0.
97

0.
97

0.
97

(-
0.

03
0)

0.
95

0.
99

(-
1.

69
5)

*
(1

.3
97

)
Ho

us
eh

ol
d 

he
ad

's 
sc

ho
ol

in
g

3.
27

3.
20

3.
34

3.
12

(0
.7

84
)

3.
45

3.
24

(0
.5

64
)

(0
.0

47
)

Av
er

ag
e 

sc
ho

ol
in

g 
of

 a
du

lt 
m

em
be

rs
4.

68
4.

66
4.

79
4.

67
(0

.4
09

)
4.

48
4.

71
(-

0.
66

3)
(0

.8
68

)
N

um
be

r o
f a

du
lt 

m
em

be
rs

5.
92

6.
71

6.
14

6.
16

(-
0.

06
1)

5.
31

5.
67

(-
0.

83
1)

(0
.6

38
)

Sh
ar

e 
fe

m
al

es
 a

m
on

g 
ad

ul
t m

em
be

rs
0.

44
0.

37
0.

45
0.

44
(0

.8
04

)
0.

44
0.

41
(1

.4
32

)
(-

0.
67

7)
N

um
be

r o
f h

ou
se

ho
ld

 h
ea

d'
s s

ib
lin

gs
 a

br
oa

d
0.

14
0.

38
0.

11
0.

20
(-

1.
46

8)
0.

09
0.

12
(-

0.
57

6)
(-

0.
89

1)

C:
 H

ou
se

ho
ld

 a
ss

et
s

19
92

 la
nd

 a
ss

et
s (

ow
ne

d)
11

.7
6

11
.7

6
12

.0
9

12
.3

1
(-

0.
13

9)
10

.6
1

11
.2

9
(-

0.
32

5)
(0

.2
05

)
Hi

re
d 

la
bo

r
0.

37
0.

45
0.

42
0.

37
(0

.9
50

)
0.

36
0.

28
(1

.2
11

)
(-

0.
35

6)
Tr

ac
to

r
0.

47
0.

46
0.

56
0.

45
(1

.7
50

)
*

0.
49

0.
31

(2
.0

92
)

**
(-

0.
72

2)
Pi

ck
up

0.
32

0.
21

0.
37

0.
30

(1
.3

40
)

0.
27

0.
31

(-
0.

54
9)

(1
.3

32
)

M
ac

hi
ne

ry
0.

59
0.

59
0.

66
0.

55
(1

.9
31

)
*

0.
61

0.
50

(1
.4

19
)

(0
.0

23
)

Ca
tt

le
0.

47
0.

45
0.

44
0.

54
(-

1.
83

5)
*

0.
39

0.
50

(-
1.

44
5)

(0
.0

74
)

Ho
rs

es
0.

23
0.

30
0.

25
0.

24
(0

.3
80

)
0.

23
0.

20
(0

.6
14

)
(-

0.
26

6)

D:
 L

an
d 

tr
an

sa
ct

io
ns

At
 le

as
t o

ne
 la

nd
 re

nt
al

 tr
an

sa
ct

io
n 

(la
st

 2
 y

ea
rs

)
0.

10
0.

21
0.

12
0.

10
(0

.8
77

)
0.

12
0.

07
(1

.4
58

)
(-

0.
43

4)
At

 le
as

t o
ne

 p
lo

t r
en

te
d 

in
 (l

as
t 2

 y
ea

rs
)

0.
06

0.
09

0.
06

0.
06

(0
.2

11
)

0.
08

0.
05

(0
.9

80
)

(-
0.

67
1)

At
 le

as
t o

ne
 p

lo
t r

en
te

d 
ou

t (
la

st
 2

 y
ea

rs
)

0.
04

0.
09

0.
06

0.
04

(0
.9

28
)

0.
04

0.
02

(1
.0

93
)

(0
.0

52
)

O
bs

er
va

tio
ns

92
6

92
6

29
8

30
2

16
9

15
7

Ta
bl

e 
3

PR
E-

PR
O

GR
AM

 D
ES

CR
IP

TI
VE

 S
TA

TI
ST

IC
S,

 H
O

U
SE

HO
LD

 L
EV

EL
19

94
El

ig
ib

le
N

on
-E

lig
ib

le

 *
 si

gn
ifi

ca
nt

 a
t 1

0%
; *

* 
sig

ni
fic

an
t a

t 5
%

; *
**

 si
gn

ifi
ca

nt
 a

t 1
%

. C
ol

um
ns

 (1
) a

nd
 (2

) r
ep

or
t s

am
pl

e 
m

ea
ns

 fr
om

 th
e 

19
94

 a
nd

 1
99

7 
su

rv
ey

s r
es

pe
ct

iv
el

y.
 C

ol
um

n 
(5

) 
re

po
rt

s t
he

 t-
st

at
ist

ic
 o

f t
he

 d
iff

er
en

ce
 (3

)-(
4)

. C
ol

um
n 

(8
) r

ep
or

ts
 th

e 
t-

st
at

ist
ic

 o
f t

he
 d

iff
er

en
ce

 (6
)-(

7)
. C

ol
um

n 
(9

) r
ep

or
ts

 th
e 

t-
st

at
ist

ic
 o

f t
he

 d
iff

er
en

ce
 [(

3)
-(4

)]-
[(6

)-
(7

)].
 S

ta
nd

ar
d 

er
ro

rs
 a

ss
oc

ia
te

d 
w

ith
 th

e 
di

ff-
in

-m
ea

n 
te

st
s h

av
e 

be
en

 c
lu

st
er

ed
 a

t t
he

 e
jd

o-
le

ve
l. 

De
fin

iti
on

 o
f "

Pr
og

ra
m

,"
 "E

lig
ib

le
,"

 a
nd

 h
ou

se
ho

ld
 in

 th
e 

te
xt

. L
an

d 
as

se
ts

 m
ea

su
re

d 
in

 N
at

io
na

l R
ai

nf
ed

 E
qu

iv
al

en
t (

N
RE

) h
ec

ta
re

s.
 F

or
 a

 d
es

cr
ip

tio
n 

of
 th

e 
pr

oc
ed

ur
e,

 se
e 

de
 Ja

nv
ry

 e
t a

l. 
(1

99
7)

.

45

44



(1) (2) (3) (4) (5)

Dependent variable: Number 
migrants

Share 
migrants

Model: LPM LPM
Logit, marg 

effects
OLS OLS

coef/se coef/se coef/se coef/se coef/se
Program × Eligible 0.115 0.127* 0.119 0.426** 0.075***

(0.077) (0.065) 0.067 (0.200) (0.025)
Program -0.081 -0.056 -0.074 -0.239 -0.039*

(0.066) (0.056) 0.060 (0.183) (0.022)
Eligible -0.031 0.104 0.187 -0.055 0.055

(0.058) (0.178) 0.192 (0.589) (0.076)
Household controls
Land assets 0.000 0.000 0.003 -0.000

(0.002) 0.002 (0.008) (0.001)
Household head's age 0.004* 0.006 0.007 0.002*

(0.003) 0.003 (0.007) (0.001)
Average literacy adult household members 0.016 0.014 -0.466 -0.036

(0.119) 0.101 (0.443) (0.050)
Average schooling adult household members 0.003 0.007 0.020 0.004

(0.010) 0.011 (0.027) (0.003)
Share of females among adult household members -0.197*** -0.226 -0.357* -0.047*

(0.060) 0.093 (0.184) (0.026)
Household size 0.027*** 0.026 0.108*** 0.003

(0.009) 0.009 (0.033) (0.004)
Number of household head's siblings abroad -0.033 -0.017 -0.108 -0.016

(0.049) 0.053 (0.143) (0.016)
Ejido controls
Log ejido area (ha) -0.015 -0.014 -0.075 -0.005

(0.023) 0.024 (0.088) (0.010)
% common land relative to agricultural land (ha) -0.001 -0.001 -0.000 -0.000

(0.001) 0.001 (0.002) (0.000)
Number of ejidatarios -0.000 0.000 0.000 0.000

(0.000) 0.000 (0.001) (0.000)
Indigenous ejido -0.159*** -0.188 -0.356*** -0.053***

(0.041) 0.048 (0.117) (0.014)
Membership to ejido union 0.022 0.013 0.117 0.006

(0.045) 0.045 (0.154) (0.016)
Access to paved road -0.097** -0.103 -0.211 -0.036**

(0.047) 0.045 (0.150) (0.017)
Constant yes yes yes yes yes
Household controls*Eligible yes yes yes yes
Observations 926 898 898 898 898
Number of ejidos 221 213 213 213 213
Adjusted R-squared 0.001 0.157 0.169 0.174 0.094

Table 4
HOUSEHOLD MIGRATION, CROSS-SECTION ESTIMATES

Migrant household

Notes: * significant at 10%; ** significant at 5%; *** significant at 1%. Standard errors (in brackets) clustered at the ejido level. 
Econometric methodology: Linear Probability Model (LPM) or OLS (Column 1-2, 4-5), Logit (Column 3). The marginal effect associated 
with the interaction term in Column 4 was computed following Norton, Wang and Ai (2004). Definitions of "Migrant household," 
"Program," "Eligible," and household in the text. Literacy is computed for members currently living at home only.
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(1) (2) (3)
Dependent variable:
Model:
Sample: All Will No Will

coef/t coef/t coef/t
Program × Eligible × 1997 0.121** 0.039 0.147**

(0.062) (0.103) (0.070)
Program × 1997 -0.054 -0.034 -0.041

(0.053) (0.077) (0.060)
Eligible × 1997 -0.042 0.022 -0.051

(0.041) (0.066) (0.049)
1997 0.135*** 0.120** 0.122***

(0.038) (0.052) (0.045)
Constant yes yes yes
Household controls yes yes yes
Fixed effects household household household
Observations 1 849 661 1 178
Number of ejidos 221 149 195
Adjusted R-squared 0.113 0.087 0.132

Table 7
HOUSEHOLD MIGRATION, IMPACT BY INHERITANCE STATUS

Migrant household
LPM

Notes: * significant at 10%; ** significant at 5%; *** significant at 1%. 
Standard errors (in brackets) clustered at the ejido level. Sample: all 
households (Column 1); households with a will (Column 2); households 
without a will (Column 3). Econometric methodology: Linear Probability 
Model (LPM). Definitions of "Migrant household," "Program," "Eligible," 
and household in the text. See Table 4 for the list of household controls.
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(1) (2) (3) (4) (5) (6)

Model: LPM LPM LPM LPM
Logit, marg 

effects
LPM

coef/se coef/se coef/se coef/se coef/se coef/se

Program × Eligible × 1997 0.037 0.036 0.036 0.042 0.077
(0.043) (0.044) (0.047) (0.044) 0.086

Program × 1997 -0.027 -0.027 -0.026 -0.031 -0.004
(0.035) (0.036) (0.039) (0.036) 0.020

Timing × Eligible × 1997 0.019
(0.028)

Timing × 1997 -0.005
(0.024)

Eligible × 1997 -0.025 -0.024 -0.026 -0.036 -0.073 -0.027
(0.032) (0.034) (0.036) (0.032) 0.056 (0.031)

1997 0.045 0.047 0.048 0.053* 0.030 0.042
(0.028) (0.030) (0.032) (0.029) 0.011 (0.028)

Observations 1 848 1 845 1 845 1 845 1 845 1 740
Number of ejidos 221 221 221 221 221 209
Adjusted R-squared 0.001 0.002 0.154 0.008 0.022 0.009

Program × Eligible × 1997 -0.042 -0.018 -0.034 -0.055 -0.014
(0.097) (0.098) (0.105) (0.100) 0.102

Program × 1997 -0.063 -0.083 -0.070 -0.054 -0.098
(0.085) (0.085) (0.092) (0.088) 0.048

Timing × Eligible × 1997 -0.003
(0.060)

Timing × 1997 -0.074
(0.049)

Eligible × 1997 -0.011 -0.018 -0.014 -0.009 -0.033 -0.029
(0.078) (0.078) (0.084) (0.081) 0.053 (0.077)

1997 0.134* 0.144** 0.140* 0.129* 0.088 0.155**
(0.070) (0.070) (0.076) (0.074) 0.025 (0.070)

Observations 1 851 1 848 1 848 1 848 1 848 1 743
Number of ejidos 221 221 221 221 221 209
Adjusted R-squared 0.010 0.033 0.221 0.024 0.033 0.030
Constant yes yes yes yes yes yes
Household controls yes yes yes yes yes
Fixed effects ejido household household

Table A7
PANEL ESTIMATES, OTHER OUTCOMES

PANEL A: LAND TRANSACTIONS (RENTALS)

PANEL B: WAGE (NON-FAMILY) LABOR

Notes: * significant at 10%; ** significant at 5%; *** significant at 1%. Standard errors (in brackets) 
clustered at the ejido level. Econometric model: Linear Probability Model (LPM) or OLS (Column 1-4, 6), 
Logit (Column 5). Dependent variable: land transactions status (Panel A), wage (non-family) labor status 
(Panel B). Definition land transactions status: binary indicator taking value 1 if the household rented out 
or rented in land within the previous 3 years. Definition wage (non-family) labor status: binary indicator 
taking value 1 if the household hired any non-family member within the previous 24 months. Details of 
the various specifications at the bottom of the table are valid for both panels. Definitions of "Program," 
"Timing," "Eligible," and household in the text. See Table 4 for the list of household controls. 
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Abstract

In this paper we ask whether the direct election of the local government increases

accountability and decreases corruption. In order to identify the causal e¤ect of direct

elections, we exploit the gradual introduction of local elections in Indonesia and a novel

dataset of corruption events that covers all districts during the period 1998-2008. We

�nd that direct elections increase the number of corruption crimes by about half the pre-

election average. We also �nd that embezzlement practices dominate all other types of

corruption activities.
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1 Introduction

In this paper we ask whether a speci�c political institution, namely the appointment of the ex-

ecutive through direct elections, causes less or more corruption than the appointment through

indirect elections.

In order to identify the causal e¤ect of direct elections, we exploit the gradual introduction

of a legislative reform across Indonesian districts. The legislative change provides the local

electorate with the power to elect the district head directly rather than through representation

by the local parliament. This institutional change is salient because the district head is

responsible for the provision of local public goods. Elections are widely regarded as a powerful

disciplining and selection device and therefore constitute a corruption-reducing mechanism

which is well worth evaluating. Indeed, the reform was introduced primarily because many

observers had reported widespread vote-buying practices between district heads and district

parliaments.

Our measure of corruption is based on novel data on corruption prosecutions in Indone-

sia. Our dataset provides several advantages relative to the typical corruption measures used

in the literature. First, corruption prosecutions constitute "hard" evidence of corruption,

which makes them more reliable than, e.g., experts� surveys or perceived corruption mea-

sures. Second, they cover the entire universe of Indonesian districts, and therefore provide

better coverage than typical measures generated by sectorial studies or randomized interven-

tions. This is especially attractive because Indonesia is the fourth most populous country in

the world. Third, they provide an encompassing view of corruption activities: there is no

possibility of mis-measurement due to, say, o¢ cials switching from one type of corruption to

another.1 Fourth, they provide a long time span: more than ten years of data in a newly

1One advantage of this measure of corruption is that it is likely to go beyond, e.g., petty corruption.
Over-focus on petty corruption may be instead the problem with other corruption measures like cross-checking
(Banerjee, Mullainathan, and Hanna (2012):47). It is also less likely to be biased by media reports, as house-
holds�perception measures can be expected to be to a large degree. In addition, it is likely to be more responsive
to changes in actual corruption than, again, households�perceptions: Olken (2009) �nds that, although the
correlation between actual and perceived corruption is positive, "increasing the missing expenditure measure
by 10 percent is associated with just a 0.8 percent increase in the probability a villager believes that there
is any corruption in the project" (p.951). Finally, di¤erently from perception-based measures, our corruption
measure also includes details about the type of corruption observed and so provides a chance to evaluate its
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democratized developing country implies room for the study of several institutional features.

Using the typology in Persson and Tabellini (2004), the introduction of the direct election

of the district government constitutes a change in the form of government, from a parlamen-

tarian to a presidential system. A commonly held assumption (Persson and Tabellini (2004)

and references therein) is that local deputies have better information on the government than

citizens do. If local deputies were perfectly accountable to the citizens or had similar pref-

erences, then a shift to a presidential form of government would unambiguously decrease its

accountability to the citizens. However, local deputies are unlikely to be held perfectly ac-

countable to the citizens. In addition, they may be reasonably thought to value eventual

private gains from public o¢ ce as much as government members may do. Thus, collusion be-

tween deputies and government members under the parlamentarian system may imply that a

shift to a presidential form of government increases its accountability to the citizens (Persson,

Roland, and Tabellini (1997)).

Our paper contributes to the empirical literature on political institutions and economic

outcomes. Cross-country evidence on the relationship between form of government and cor-

ruption has been inconclusive. Persson, Tabellini, and Trebbi (2003) �nd some evidence that

presidential systems are associated with less corruption, but the relationship holds only for

"good democracies". In contrast, Kunicova and Rose-Ackerman (2001) �nd that presidential

systems are associated with more corruption. During recent years researchers have tried to

complement cross-country evidence with within-country studies whenever speci�c contexts

provided convincing identi�cation strategies. So far, attention has been mainly paid to term

limits (Besley and Case (1995), Dal Bo ,t and Rossi (2011), and Ferraz and Finan (2011)) and

information (Besley and Burgess (2002), Ferraz and Finan (2008)). The only papers some

close to ours concern the introduction of village elections in China (Zhang, Fan, Zhang, and

Huang (2004), Gan, Xu, and Yao (2007), Luo, Zhang, Huang, and Rozelle (2007), Shen and

Yao (2008), Martinez-Bravo, Miquel, Qian, and Yao (2012)). The main di¤erences between

the two contexts concern: the country-level political system (non-democracy in China, young

democracy in Indonesia); the level of election (village in China, district in Indonesia, where

e¢ ciency implications and discuss policies aimed at reducing it.

3



districts typically include about 100 villages); the pre-election selection mechanism (appoint-

ment from upper-government tiers in China, elections from local parliament in Indonesia).

While the di¤erence in the nature of the country-level political system matters primarily for

the external validity of the results, the di¤erences in terms of administrative level of the

elections and in terms of origin of the shift to direct elections matters directly for the inter-

pretation of the results and the relationship with the rest of the literature. First of all, since

villages are very small units, one can interpret the e¤ects of Chinese local elections as the

outcome of an increase in village-level monitoring and therefore relate to other studies like, for

example, Reinikka and Svensson (2004) and Björkman and Svensson (2009). On the contrary,

the relationship linking elections to citizens�monitoring is not as straightfoward in case of

elections covering 100 or more villages. Second of all, a shift from appointment from upper

government tiers may be very di¤erent from a shift from appointment from local parliament,

particularly in terms of leaders�selection.

Our paper also contributes to the recent micro-literature on corruption (see Svensson

(2005), Banerjee, Mullainathan, and Hanna (2012), Olken and Pande (2012) and Zitzewitz

(Forthcoming) for some excellent surveys) by providing evidence on one of its institutional

determinants and by documenting the prevalence of embezzlement over other types of cor-

ruption, such as, among others, bribes. Surprisingly, we �nd that the introduction of direct

elections increases corruption, rather than decreasing it.

2 Context and theoretical framework

The administrative structure in Indonesia is composed of three layers: the central government,

the provinces, and the districts. The district administration is responsible for the provision

of all local public goods. It is divided into a district parliament (DPRD) and a district

government (composed of a district head and a vice). The district parliament is elected (since

1999). Until 2004 the district parliament appointed the district head. Media and many policy-

makers observed that the power to appoint and dismiss the district head provided to the local

parliaments had favored collusion between the two and had led to widespread vote-buying

4



and corruption. Therefore, in 2004 the central government passed a law shifting the power to

elect the district head from the local parliaments to the local electorates. In the rest of the

paper we will refer to the appointment of district heads by citizens through the election of

local parliaments as indirect elections, whereas the appointment of district heads by citizens

without intermediation will be referred to as direct elections.

There are two features of the Indonesian context that are relevant for our purposes. First,

under indirect elections the local government should be accountable to the citizens through

political representation in the local parliament, i.e., the local government is accountable to

the local parliament and the local parliament is accountable to the citizens. However, the

elections for the local parliament are over-shadowed by the national elections since the two

take place at the same time. Thus, the local government may e¤ectively be accountable only

to the local parliament under indirect elections, and to the citizens under direct elections.

Second, one of the main di¤erences between the central and the local governments is that

the latter have almost no authority to set tax rates. The average share of district revenues

arising from own sources, like taxes on economic activities, is only about 15 percent.2 The

rest of the revenue comes from transfers from the central government. The local parliament

can perfectly observe these transfers since it must approve the annual budget. In this context

it seems reasonable to assume that the local parliament has as informational advantage over

the citizens.3

If local deputies had the same preferences as the citizens, then under direct elections we

would expect the district head to exploit the asymmetric information vis-a-vis the citizens and

divert more resources for private purposes than she would have under indirect elections (Besley

(2005), Besley and Smart (2007), Gadenne (2010)). However, once we allow local deputies�

preferences to di¤er from the citizens�and, in addition, we allow them to collude with the

district head, things become much more complicated. Apart from the theoretical political

economy literature mentioned in the previous section, there are some relevant contributions

stemming from the mechanism design literature. Baliga and Sjöström (1998) suggest a moral
2Author�s tabulations based on the 1995-2006 budget data from the Ministry of Finance.
3Gadenne (2010) provides evidence from Brazil that whenever the revenues of local governments are

primarily given by transfers rather than taxes, the local government performs strictly worse.
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hazard mechanism in the Industrial Organization literature that, applied in this context,

would suggest that the district head would divert more resources under direct elections than

under indirect elections. In contrast, however, Mookherjee and Tsumagari (2004) focus on an

adverse selection mechanism and conclude that direct elections would unambiguously lead to

less divertion than indirect elections.4

3 Construction of the corruption database

Our measure of corruption is based on documents on corruption cases prosecuted or coordi-

nated by the General Attorney O¢ ce (AGO).

The AGO is "responsible for investigating certain types of cases, bringing prosecutions,

playing an intermediary position between the investigation process and the trial process, and

ensuring the enforcement of judicial orders and decisions of �nal and conclusive e¤ect. (..) it

is the institution that determines whether a case should proceed to Court based on admissible

evidence" (General Attorney O¢ ce (2011):7).

Following a recent improvement in transparency, the AGO has made available a description

of virtually all corruption cases in Indonesia. The documentation includes a description of the

case, a description of the accusation, the district attorney o¢ ce prosecuting the practice, the

stage of the prosecution, and several demographic characteristics of the person accused. In

order to operationalize the information included in this documentation we extract location of

the corruption event, date (or time frame) of the corruption event, whether the case concerns

primarily the public or private sphere, what sector the case concerns about, and what type

of criminal case.

Table 1 includes some descriptive statistics on the corruption cases that we coded. Out

of an initial sample of 1,365 corruption cases, we drop 33 cases due to missing or unclear

location, 114 cases due to being located in provinces with special status,5 247 cases due to

4Again, Mookherjee and Tsumagari (2004) discuss their theoretical framework relative to the IO literature.
Hence, this is our interpretation of their result in this context. See Mookherjee (2006) for an excellent survey
on decentralization and collusion within the mechanism design literature.

5They are Jakarta, Aceh, Papua, and Papua Barat (previously called Irian Jaya Barat).
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missing time references, and 2 cases due to them dating back to years preceding 1998, which

is when the �rst signi�cant anti-corruption legislation became law.

The �nal sample consists of 985 cases for which we have (at least) location and time

references. Among them, 212 (or 21 percent) span more than one year. In order to keep

the descriptive statistics consistent with the econometric analysis, we duplicate these cases

for each year in which they occured. The �nal dataset includes 1,396 corruption events: 133

are classi�ed as concerning the private sphere, and 1,289 are classi�ed as concerning (at least

partially) the public sphere.6

We further decompose cases by type of corruption. Cases of embezzlement refer to in-

stances where the suspect misuses or appropriates part or all the funds that the local govern-

ment has placed in their care. The typical con�ict of interest case refers to instances where

the suspect allegedly sets up an auction that bene�ts some speci�c parties. Among the cases

that recur frequently within the private sphere, we have hazard, which typically refers to

�shermen using illegal devices (explosive) to �sh, and illegal practice, which typically refers

to lack of documents to carry out a private business or smuggling goods across the border.

The most common type of criminal case is embezzlement (75.6%), followed by con�ict of

interest (12.0%), fraud, distribution, extortion, bribery, illegal practice and hazard. Embez-

zlement is possibly even more dominant among cases concerning the public sphere (80.8%).

Among cases concerning the private sphere it is the second most common type (26.3%) to-

gether with hazard, after illegal practice (38.3%).

The dominant role of embezzlement relative to other corruption activities is very interest-

ing considering that the literature on corruption has largely focused on bribes notwithstanding

the broad de�nition of corruption as "abuse of public o¢ ce for private gain" (Olken and Pande

(2012), Banerjee, Mullainathan, and Hanna (2012)). Our data suggest that the focus on bribes

has come at the expense of embezzlement.7 Overlooking embezzlement practices may be dan-

gerous, because the relative economic theory (and therefore the policy implication) is likely to

be di¤erent. For example, since bribes typically involve a private counterpart to the public of-
6With respect to the original 1,006 cases, 115 are classi�ed as concerning the private sphere, and 891 are

classi�ed as concerning (at least partially) the public sphere
7See Reinikka and Svensson (2004), Reinikka and Svensson (2011) and Olken (2009) for two exceptions.
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�cial, bribe-reducing schemes may provide incentives to private individuals to report requests

for bribes. In contrast, embezzlement may not involve any private counterpart and therefore

may require other strategies to tackle the issue.

In the rest of the analysis we focus on public cases for three reasons. First, corruption

practices may be structurally di¤erent across the private and public sphere, which implies

that an aggregate analysis may be misleading. Second, cases concerning the public sphere

seem more appropriate for the study of the impact of direct elections on corruption. Third,

cases concerning the public sphere constitute a large majority of the recorded cases.

Panel A disaggregates the public sphere cases by sector: the most common sector is

administration (54.4%), followed by education (11.7%), food distribution and health care

(5.5%), infrastructures (5.5%), and agriculture (4.0%).8 The corruption-based ranking of the

sectors is similar when we restrict our attention to embezzlement.

Panel B, Columns 1-6, shows the distribution of the corruption cases over time. We record

very few cases during the years following the inauguration of the anti-corruption strategy (Law

16/1999, then modi�ed in 2002). The proportion of (public sphere) cases per year increases

progressively reaching 8.8% in 2005, 11.4% in 2006, 17.8% in 2007, and 20.4% in 2008, and

decreasing to 13.4% in 2009, 4.4% in 2010, and 0.2% in 2011. The late decrease in corruption

cases is most likely driven by the data collection process: since it typically takes typically

between a few months and 2-3 years years to detect a corruption event,9 it is not strange

to observe relatively few cases for recent periods since we coded our sample in the autumn

2011. In the rest of the paper we will restrict our analysis to corruption events that took

place during the period 1998-2008.

The next step is to generate a measure of corruption at the district-year level. Given the

abundance of districts in Indonesia and the relatively long time span under investigation, we

collapse the data at the district-year level and consider a simple binary variable indicating

whether a district experienced one or more corruption events in a speci�c year. The second

8For 10.6% of the cases we lack enough information to pin down the exact sector. We feel that this lack of
information is not serious enough to drop the observations though.

9The mean number of years to detect a crime is 2, while the median is 2.6 and the standard deviation is
2.3.
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set of descriptive statistics in Panel B shows how the average number of corruption crimes per

district evolves over time. Corruption cases increased steadily over the decade, yet declined

in 2008, 2010 and 2011, again, presumably due to the data collection process.

The last two columns show the pattern of prosecutions, i.e., the number of prosecutions per

district in a given year and the number of districts with at least one prosecution. The pattern

suggest that the �rst prosecutions started much later than the �rst recorded corruption crimes.

In particular, the timing of the �rst prosecutions is contemporaneous to the constitution of

the Anti-Corruption Commission in 2004, which national and international observers praised

for having boosted anti-corruption activities in Indonesia.

4 Identi�cation strategy

Law 32/2004 modi�es the selection mechanism of district heads (and vices) by requiring that

citizens vote for them. The legislative change was implemented gradually across districts.

The reason for this was that elections were held only once the mandate of a ruling district

head expired, and the expiration date varied across districts due to, e.g., year of formation

of the districts (districts formed quite continuously since 1956), natural deaths of the district

heads, and district heads running for governor or for the national parliament. In our sample,

178 districts held elections in 2005, 59 in 2006, 32 in 2007, 113 in 2008, and 32 in 2009 or later.

The timing of direct elections in Indonesia has already been used as a source of exogenous

variation by Skou�as, Narayan, Dasgupta, and Kaiser (2011)10 and Burgess, Hansen, Olken,

Potapov, and Sieber (2012).11 Nonetheless, we run an informal test of the quasi-random

assignment of the timing of gradual elections across districts by trying to predict a wide

range of village characteristics before the direct elections were introduced. The econometric

speci�cation corresponding to this test is the following:

cki = �+ �Dki + vki;

10Skou�as et al. (2011) show that the only determinant of the timing of direct elections that is statistically
signi�cant is the expiration of the mandate of the previous district head.

11See also Fukumoto and Horiuchi (2011) for a similar research design using Japanese municipalities.
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where cki is the characteristic of village k in district i, Dki is the year of the direct elections

(2005,..,2009), and vki indicates the error term clustered at the district level. If the timing

of direct elections was uncorrelated with district characteristics, then � would be small and

statistically insigni�cant. Data on village characteristics come from a village census collected

just before the �rst direct elections.12 Table 2 shows the coe¢ cient estimates. The timing

of direct elections cannot predict any of the district characteristics except, marginally, the

average village area and the per capita oil and gas transfer. Otherwise the coe¢ cient estimate

is always small and statistically insigni�cant.

In this paper we take advantage of this heterogeneity in timing to identify the impact of

direct elections in two distinct ways. The �rst identi�cation strategy considers all districts and

makes use of a rather standard Di¤erence-in-Di¤erence (DD) strategy with many periods. Our

outcome of interest is local corruption. Throughout the paper we use corruption prosecutions

as a measure of corruption. Other works using the same idea are Fisman and Gatti (2002b)

and Glaeser and Saks (2006), who study the determinants of corruption across US states, and

Fisman and Gatti (2002a), who investigate the determinants of corruption across countries.

Di¤erently from them, we have information not only on the date of prosecution of each

corruption event, but also on the date of the crime itself. Our dependent variable is the

number of corruption crimes committed in a given year, rather than the number of corruption

crimes prosecuted in a given year. This makes our measure not only more accurate, but, as

we will see shortly, also opens up ways to improve our identi�cation strategy.

The baseline econometric speci�cation is the following:

yijt = �1i + �1Dijt + 
1Eit�1 +�jt + "1ijt; (1)

where yijt is the number of corruption events committed in district i at time t, Dijt is a

binary variable indicating whether the district elections have taken place, Eit�1 is a binary

variable indicating the year before the elections, �1i indicates the district �xed e¤ects, �jt

12The village census is the PODES 2006, which was collected by the Indonesian National Institute of
Statistics in May-June 2005.
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is a vector of region-year �xed e¤ects, and "1ijt is the error term clustered at the district

level13. The coe¢ cient associated with the pre-election year (
1) captures the possible impact

of pre-election campaigning on the number of corruption events. The coe¢ cient associated

with direct elections (�1) captures the impact of direct elections on the number of corruption

events as long as there are no omitted variables that vary over time (within regions) and are

correlated both with the timing of direct elections and with local corruption.

The second identi�cation strategy exploits some additional features of the legislative

change. Following the approval of Law 32/2004 (December 2004), the central government

postponed all elections in late 2004 and early 2005 to June 2005 to allow time to prepare the

elections.

Law 32/2004
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Figure 1: Corruption over time in districts with early and late elections

There are three interesting features of this legislative change: it was discussed and ap-

proved in the national parliament in a relatively short time; it was approved in the last

13Since many districts split during the period under investigation we cluster the error term according to the
district borders as they were in 1999, well before the direct elections were introduced.
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quarter of 2004, i.e., after the approval of the 2005 district budget and expenditure plans;

and it required incumbents aiming to run for re-election to hand over their seats at least six

months before elections to a caretaker appointed by the Ministry of Home A¤airs. These three

features imply that district governments facing elections in 2005 had very limited opportuni-

ties to "anticipate" them (i.e., to modify the district expenditure in order to get re-elected)

compared to those facing elections in 2006 or later.

We take advantage of this aspect by comparing districts facing elections in 2005 (treatment

group) to those facing elections in 2008 or later (control group). This restriction is also

convenient as it allows us to visualize the evolution of corruption in treatment and control

districts. Figure 1 suggests that the corruption levels of the two groups are very similar up

until the introduction of the election, which is associated with a stark increase in corruption

levels in the treatment group. The econometric speci�cation associated with this identi�cation

strategy is the same as speci�cation (1) except for the exclusion of the pre-election dummy.

5 Results

5.1 Baseline results

Table 3 shows the coe¢ cient estimates associated with the "restricted sample."14 Direct elec-

tions are associated with a signi�cant increase of about 9 percentage points in the likelihood of

having at least one corruption event, i.e., about 90 percent of the pre-election average (Panel

A, Columns 1-5). The magnitude of the increase is consistent with the �nding that direct

elections increase the number of corruption events by about 0.200, i.e., about 100 percent of

the pre-election average. Decomposing corruption cases by type yields the following results:

direct elections are associated with more embezzlement cases (Panel B), more cases of con�ict

of interest (Panel C), and more cases of con�ict of interest, bribery, and extortion (Panel D).

Next, we estimate the impact of direct elections on our treatment group before (1999-2004),

14Throughout this section we will discuss primarily the coe¢ cient estimates associated with the speci�cation
with region-year �xed e¤ects (Columns 4 and 9 in most of the tables). The results are typically very similar to
those with year �xed e¤ects and to those with province-year �xed e¤ects, although the latter are typically less
precisely estimated due to the relatively small amount of observations identifying the coe¢ cient of interest.
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during (2005) and after elections (2006). The coe¢ cient estimates (Figure 2) substantially

mirror the descriptive statistics (Figure 1) and suggest that the bulk of the impact took place

the year after elections.

Law 32/2004
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Figure 2: Corruption over time (coe¢ cient estimates)

Table 4 shows the coe¢ cient estimates associated with speci�cation (1). In contrast to

the previous estimates we include all districts and control for anticipatory behavior (i.e.,

campaigning or last-term budget appropriation) by including a binary indicator for the year

preceding the elections. The impact of direct elections is again positive, although the mag-

nitude is smaller (about 5 percent, i.e., half the pre-election average) and the coe¢ cient is

not always precisely estimated. This holds true even when we consider the number of corrup-

tion crimes (Columns 6-10), embezzlement cases (Panel B), or other cases (Panel C and D).

The coe¢ cient estimate associated with the pre-election dummy (not reported) is generally

positive, insigni�cant and half the coe¢ cient of interest.
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Table 5 shows the coe¢ cient estimates associated with the decomposition of the e¤ect

into election year and following years. The coe¢ cient estimates associated with all corruption

crimes (Panel A) and embezzlement cases (Panel B) suggest that the magnitude of the impact

is rather consistent over time, although the coe¢ cients tend to be precisely estimated only

for election years. On the other hand, the coe¢ cient estimates associated with less frequent

corruption types (Panel C and D) are positive for elections years and close to zero afterwards.

This may explain the lack of signi�cance of the second set of coe¢ cient estimates in Panel A.

In order to test whether the impact of direct elections is driven by some particular area of

Indonesia, we re-estimate speci�cation (1) dropping one region/island at a time (Jawa, Kali-

mantan, Nusa Tenggara and Maluku, Sulawesi, and Sumatera). Table 6 shows the coe¢ cient

estimates associated with this robustness check. The impact of direct elections is positive and

relatively large across all sample restrictions (it ranges from 0.036 excluding Nusa Tenggara

and Maluku to 0.079 excluding Sulawesi).

5.2 Increase in corruption or increase in law enforcement?

The main challenge with the use of corruption prosecutions data is that they (may) capture

not only di¤erences in corruption but also di¤erences in law enforcement across districts. In

our context this constitutes a measurement error in the dependent variable. This is, how-

ever, innocuous for our identi�cation strategy as long as direct elections have no impact on

law enforcement at the district level. This could be the case if, for example, direct elec-

tions provided a voice to the district electorate, which in turn managed to in�uence district

prosecutors through local newspapers. In a recent work on the US judicial system, Lim, Sny-

der and Strömberg (2012) �nd evidence supporting the view that local media can in�uence

local judges. However, they also �nd that the relationship is driven by elected judges and

does not hold for appointed judges, which is exactly how district prosecutors are selected

in Indonesia.15 Corruption prosecutions are typically initiated by district prosecutors, who

depend on the provincial prosecutors rather than on the district governments or the district

electorate; and provincial prosecutors depend on the General Attorney rather than on the
15See also Gordon (2009) for a recent study of prosecutions in the US.
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province government or the province electorate.16

However, one may still suspect that informal or illegal connections between the district

prosecutors and the district government changed with the introduction of direct elections

and therefore led to a (positive or negative) change in enforcement, or that direct elections

increased the pressure of media and civil society, which in turn may have a¤ected the activity

of the prosecutors. We will henceforth refer to this possibility as the "enforcement" channel.

In order to rule out the enforcement channel we take the following steps.

The �rst step is to estimate the impact of direct elections together with a factor that

unambiguously increases corruption but not law enforcement.17 One obvious candidate is

a revenue windfall: an increase in government revenue should increase the opportunities

for (and the return from) imbezzlement,18 while having no obvious impact on corruption

enforcement.19 In a companion paper Olsson and Valsecchi (2012), we study the impact of

the redistribution of oil and gas revenues across Indonesian districts on a wide range of public

goods. In the present paper we exploit the oil and gas revenue transfers to test whether the

impact of direct elections on corruption prosecutions captures an increase in corruption or an

increase in enforcement. In particular, we estimate the following econometric speci�cation:

yijt = �2i + �21Dijt + �22(Dijt � windfallij) + 
2Eit�1 +�jt + "2ijt; (2)

where windfallij is the amount of per capita transfers from oil and gas revenues for district

i in region j. The coe¢ cient associated with the interaction term (�22) captures the impact of

the resource windfall together with the introduction of direct elections. A positive coe¢ cient

16Corruption prosecution in Indonesia works as follows: the General Attorney and his sta¤ coordinates
the provincial o¢ ces, which in turn coordinate the district o¢ ces; prosecutions start from investigations by
the police or direct complaints from the citizens; on the basis of this preliminary evidence prosecutors decide
whether a case is worth further investigation; once they gather enough evidence they send a letter of indictment
to the district court o¢ ce; cases are decided at the district o¢ ces; once the verdict has been reached, either
the prosecutor or the defendant can bring the case to a higher level (appeal, cassation) in provincial or central
courts.

17We wish to thank Rohini Pande for this suggestion.
18 In principle, a greater district government revenue could decrease corruption by increasing o¢ cers�salaries.

However, in Indonesia o¢ cers�salaries are determined and paid by the central government.
19 In principle, a greater district government revenue could a¤ect enforcement through greater resources

allocated to the district attorneys. However, in Indonesia district attorneys are paid by the higher tiers of the
AGO structure.
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estimate associated with the interaction term should reassure us that the enforcement channel

is not driving our results. Table 7 shows the results associated with this robustness test. Since

the data on resource-related transfers to district governments date back to 2001, i.e., before

some districts formed or split, the sample associated with this analysis is smaller than the one

used previously. Panel A shows that this sample restriction reduces the precision (but not

the magnitude) of our baseline estimates. Panel B shows the coe¢ cient estimates associated

with direct elections and resource abundance: the coe¢ cient of interest is positive and highly

signi�cant in all speci�cations. The magnitude ranges from 0.248 to 0.288 (Columns 1-5)

and from 3.515 to 3.832 (Columns 6-10). This implies that an increase in resource transfers

of one standard deviation, which equals 0.31 or 310,000 IDR (Table 2), together with direct

elections, increases the likelihood of having at least one corruption crime by 76-89 percent

(i.e., about 76-89 percent of the pre-election mean) and the number of corruption crimes by

109-119 percent (i.e., about 50-60 percent of the pre-election mean).

The second step we take to rule out the enforcement channel is to estimate the impact

of direct elections on the number of corruption crimes prosecuted (rather than committed)

at time t. In Section 2 we observed that it takes some time to detect a corruption event

(the median number of years is 2, while the mean is 2.6), i.e., the crimes prosecuted at time t

typically concern events that happened at time t-2. Hence, if direct elections increased mainly

law enforcement, the impact on corruption crimes prosecuted should be strictly greater than

the impact on corruption cases committed at a given point in time. If, on the other hand, direct

elections truly increased corruption, then the impact on corruption cases prosecuted at a given

point in time should be strictly lower than the impact on cases committed. Table 8 shows

the coe¢ cient estimates associated with this falsi�cation experiment. The coe¢ cient estimate

associated with direct elections is very small and is never signi�cant across all speci�cations.

We interpret such evidence as highly supportive of the main message of the paper.

As an alternative robustness check to the previous falsi�cation experiment we also re-

estimated speci�cation (1) controlling for the number of corruption cases committed at time t

and prosecuted at time t (yit;t) or at time t+1 (yit;t+1). By controlling for crimes prosecuted

16



within less than two years, we control for any possible (short-term) e¤ect of direct elections

on enforcement. Table A1 shows the results: the coe¢ cient estimates are consistent with

previous �ndings and even more precisely estimated.

6 Conclusions

In this paper we asked whether direct elections of the local government have a¤ected local

corruption. In order to answer this question we exploited the gradual introduction of local

elections in Indonesian districts and a novel database on corruption prosecutions. We used

the number of corruption crimes committed at a given time in a district as a measure of local

corruption. Coe¢ cient estimates are robust across various speci�cations and suggest that

direct elections increased local corruption by about as much as the pre-election average. In

order to verify whether the baseline results are driven by a possible increase in law enforcement,

we estimated the impact of direct elections joint with a factor that is unambiguously associated

with greater corruption but not with greater law enforcement. In addition, we estimated the

impact of direct elections on corruption crimes prosecuted (rather than committed) at a given

time. Both robustness checks strongly support the view that law enforcement is not driving

our results.

The paper contributes to the literature on corruption by shedding new light on its insti-

tutional determinants and informing central governments about the potential costs of a form

of political decentralization with direct election of the local government relative to political

decentralization with indirect election of the local government.
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Björkman, M., and J. Svensson (2009): �Power to the People: Evidence from a Ran-

domized Field Experiment on Community-Based Monitoring in Uganda,�The Quarterly

Journal of Economics, 124(2), 735�769.

Burgess, R., M. Hansen, B. Olken, P. Potapov, and S. Sieber (2012): �The Political

Economy of Deforestation in the Tropics,�The Quarterly Journal of Economics, 127(4).

Dal BoµT, E., and M. A. Rossi (2011): �Term Length and the E¤ort of Politicians,�The

Review of Economic Studies, 78(4), 1237�1263.

Ferraz, C., and F. Finan (2008): �Exposing Corrupt Politicians: The E¤ects of Brazil�s

Publicly Released Audits on Electoral Outcomes,�The Quarterly Journal of Economics,

123(2), 703�745.

(2011): �Electoral Accountability and Corruption: Evidence from the Audits of

Local Governments,�American Economic Review, 101(4), 1274�1311.

Fisman, R., and R. Gatti (2002a): �Decentralization and corruption: evidence across

countries,�Journal of Public Economics, 83(3), 325�345.

(2002b): �Decentralization and Corruption: Evidence from U.S. Federal Transfer

Programs,�Public Choice, 113(1), 25�35.

18



Fukumoto, K., and Y. Horiuchi (2011): �Making Outsiders�Votes Count: Detecting Elec-

toral Fraud through a Natural Experiment,�American Political Science Review, 105(03),

586�603.

Gadenne, L. (2010): �Tax Me but Spend Wisely, the Political Economy of Taxes. Evidence

from Brazilian Local Governments,�.

Gan, L., L. C. Xu, and Y. Yao (2007): �Local elections and consumption insurance :

evidence from Chinese villages,�.

General Attorney Office (2011): �Annual Report,�Discussion paper.

Glaeser, E. L., and R. E. Saks (2006): �Corruption in America,� Journal of Public

Economics, 90(6â¼AŞ7), 1053�1072.
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Abstract

In this paper, we outline an empirical approach for understanding whether natural

resource windfalls have a positive or negative impact on local governments�provision of

public goods. The literature on the curse of natural resources suggests that resource

windfalls might not necessarily lead to good economic outcomes and that rents might be

squandered in corruption and rent seeking. In order to identify the impact of natural

resources on local government behavior, we exploit a country-wide �scal decentralization

reform in Indonesia, providing producing provinces a direct share of resource revenues.

Our identi�cation strategy is to compare villages along the border of three producing

provinces in Sumatra and Kalimantan before and after the legislative change. Detailed

descriptive statistics on district government budgets con�rm the goodness of the research

design. Regression analysis on a wide range of public goods suggests that the revenue

windfall had a positive impact on the prevalence of high schools and various other public

goods. We �nd no evidence of a resource curse.
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1 Introduction

Several developing countries around the world are currently enjoying a strong boom in natural

resource revenues. Very high world market prices of oil and minerals have resulted in abnormal

growth rates in some very poor countries and to an intensive prospecting activity even in

countries that were previously not extracting such resources.

At the same time, there is a widespread awareness that resource rents do not necessarily

provide a foundation for sustainable economic development. In the very extensive literature

on the curse of natural resources, it has been shown that countries with substantial natural

resource rents often have had a relatively weak economic performance compared to resource-

poor countries. Several intermediate channels for this adverse impact have been proposed;

Dutch disease e¤ects from currency appreciation, a crowding out of education and innovation,

and a higher degree of rent seeking and corruption.1 In particular, the political economy of

the resource curse has received a lot of attention during recent years.2 However, this mainly

theoretical or macro-oriented literature has so far not been able to document many cases of

how resource windfalls have actually been used in the public sector. Given this shortcoming, is

has been di¢ cult to provide evidence-based policy advice to governments that are concerned

about being a¤ected by the resource-curse.

In this paper, we analyze the impact of a country-wide reform from 2001 that decentralized

Indonesia�s resource revenues (oil and gas) from the federal government to provinces. Our

analysis investigates the e¤ect of these windfall gains on local public goods provision in two

resource-rich regions; Sumatra and the Indonesian part of Borneo, Kalimantan. The reform

allowed resource producing provinces to obtain a percentage of the natural resource revenues

collected by the central government. The objective of our study is to determine whether

this policy reform actually led to more local public goods such as schools, health clinics,

and infrastructure. The main hypothesis is that local public goods should have increased.

However, evidence on the resource curse from other countries would rather suggest no impact

1See for instance Sachs and Warner (1997), Sachs and Warner (2001), and Gylfason (2001). van der Ploeg
(2011) supplies a recent overview of the literature.

2See for instance Torvik (2002) and Robinson, Torvik, and Verdier (2006).
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or perhaps even a negative impact.

The main contribution of our paper is the research design that we propose for studying the

question at hand. Our identi�cation strategy in the empirical analysis is to compare public

good outcomes in villages located in producing provinces with neighboring villages across the

border in non-producing provinces, before and after the reform. The �rst category makes up

our treatment group (that obtained resource revenues) whereas the second category is our

control group (that received no resource revenue). We argue that this design makes our study

close to a natural experiment. Our data allows us to study public goods outcomes during the

period 2001-2005. We employ a regression discontinuity design with the border between the

producing and non-producing provinces as our forcing variable. The descriptive statistics as

well as a broad general analysis of the characteristics of the provinces suggest that no key

di¤erences exist between treatment and control areas apart from the fact that the treated

districts receive resource revenues.

The results are mixed. In general, there are no indications of a decrease in public goods

as a result of the reform. In this sense, we �nd no evidence of a resource curse. Our results

suggest that high school facilities tended to improve in treated villages, in particular 3-4 years

after the decentralization. We also �nd evidence that other public goods improve, but they

vary across the two study areas. For other public goods like access to clean water, the reform

appears to have no impact on either Sumatra or Kalimantan.

Our results are related to a small but growing literature on the impact of resource windfalls

within countries. Apart from Indonesia, Brazil has also chosen to decentralize oil revenues

to producing areas. Using data on Brazilian municipalities, Monteiro and Ferraz (2009)

show that oil revenue appears to have led to an increase in the number of public employees

but not to the provision of public goods like health and education. Their main focus is on

political economy aspects and their analysis demonstrates that the windfall created a large

incumbency advantage in local elections. In their empirical analysis, the authors further

analyze how oil revenues a¤ected policy outcomes. The central result in this regard is that

whereas oil windfalls increased the number of public employees, they had no signi�cant impact
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on education or health supply.

Oil windfalls in Brazil is also the topic in Brollo, Nannicini, Perotti, and Tabellini (Forth-

coming) and Caselli and Michaels (Forthcoming). Both recognize that municipalities with oil

revenues have increased their spending, but like Monteiro and Ferraz (2009), these studies em-

phasize that the increased spending has not improved public goods as much as one would have

expected. Caselli and Michaels (Forthcoming) further show that oil windfalls are associated

with illegal activities by mayors, suggesting an increase in corrupt behaviors. Brollo, Nan-

nicini, Perotti, and Tabellini (Forthcoming) use a regression discontinuity design and provide

evidence that larger windfalls increase corruption and lower the quality of political candidates

on the local level.3

Our paper obviously makes a contribution by having a di¤erent and, for this purpose, a

novel object of study; Indonesia. Our research design is further di¤erent since we use a border

between a producing and a non-producing province as our forcing variable and exploit the

time variation in public goods outcomes. The methodology that we employ is most similar to

Dell (2010) who also uses a border as a forcing variable in a historical analysis of the long-run

legacy of a colonial institution in Peru.

Our quasi-experimental approach is further related to the large literature on randomized

control trials in developing countries (see for instance Du�o, Glennerster, and Kremer (2007)).

In recent research, it has often been emphasized that an up-scaling of micro �eld experiments

is a natural direction for future work. The current paper might be seen as an attempt to

contribute to this agenda. Furthermore, our approach is related to that of Reinikka and

Svensson (2004) who study the extent to which a new grant from the Ugandan government

actually reached 250 schools. In a similar spirit, we also combine data on grants from a central

government with village level data on actual public good provision.

Our paper is also related to a large literature on the pros and cons of �scal decentralization.

Many of these works use cross-country regressions to assess whether �scal decentralization is

associated with higher economic growth.4 Other studies use cross-regional variation within
3See also Vicente (2010) who compares outcomes in Sao Tome and Principe with Cape Verde as a "control

country".
4See for instance Davoodi and Zou (1998).
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large countries such as United States (Akai and Sakata (2002)) or China (Zhang and Zou

(1998)). Our paper is closest to Skou�as, Narayan, Dasgupta, and Kaiser (2011) analysis of

the recent reform towards direct elections in districts in Indonesia, showing that the electoral

reforms had a positive impact public goods spending. Unlike their study, our treatment is

resource windfalls rather than the introduction of direct elections.

The paper is structured as follows: Section 2 gives a brief theoretical background to the

political economy of resource windfalls. Section 3 provides information about the context

of the study and section 4 discusses the data and identi�cation strategy. The main results

are presented in section 5. Section 6 provides the details for the second study area whereas

section 6 concludes.

2 The political economy of resource windfalls

From a policy point of view, there are at least four potential strategies that countries can

choose regarding resource revenues. The most common strategy when it comes to oil and gas

is probably to maintain a close central government control of the extraction process and then

keep all the revenue at the center at the full discretion of the incumbent government. This is

the path chosen by many African and Middle Eastern countries such as Sudan, Nigeria, and

Saudi Arabia. This is also the policy associated with the most blatant failures. As discussed

by Sala-i Martin and Subramanian (2003), Nigeria experienced a massive in�ow of oil money

from the 1970s, yet income per capita in the late 1990s was not higher than at independence.

More or less all of the revenue disappeared inside corrupt governments. Several cross-country

empirical studies have further indicated that natural resource revenues are associated with

more corruption (Leite and Weidmann (1999); Dalgaard and Olsson (2008)).

A second strategy is to keep revenues on central level but to save (or "lock up") the

money in a fund that cannot be used freely by incumbent governments. This strategy has

been followed by Norway and seems to be appropriate in rich countries that face the risk of

Dutch disease through an appreciation of their exchange rates. As argued by Collier (2008),

the oil fund-strategy seems less appropriate for poor countries that are seriously constrained
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by poor infrastructure and low levels of health care and education. In such countries, large

scale public investments are often necessary to maintain a sustainable growth process.

A third strategy, which does not seem to have ever been tried in reality, is to redistribute

all resource incomes back to the households. Sala-i Martin and Subramanian (2003) suggested

such a policy for Nigeria. Although such a policy would of course have great risks and great

di¢ culties (how should such payments be distributed, for instance), the authors contend that

it should at least not lead to a worse outcome than the previously followed policy in Nigeria

of keeping all revenue at the discretion of the government.

A fourth alternative, which actually has been tried in at least Brazil and Indonesia, is to

redistribute a substantial portion of resource revenues to the regional or local level. Local

governments would typically at the same time get an increased responsibility for providing

public goods. What are the potential bene�ts and disadvantages of this strategy?

To the extent that the public goods to be provided are truly local, a greater local autonomy

over their provision should improve the matching between local preferences and the policy

choices made. On the other hand, if there are obvious economies of scale involved or if the

public goods are not necessarily only local (like roads that run through several districts),

policy decisions should be made at a higher administrative level.

However, even if the public goods are truly local, it is not necessarily the case that a boom

in resource revenues will lead to more public goods. The actual outcome will typically depend

crucially on the nature of local political institutions.5 On a macro level, it has been shown

that environments with strong private property rights and more accountable governments are

more likely to experience economic growth in response to resource booms (Mehlum, Moene,

and Torvik (2006)). On the micro level, we have mainly the Brazilian studies to use as a

benchmark. Although local governments were democratically elected in the studied munici-

palities, the main tendency appeared to be that the actual quality or quantity of public goods

did not really increase, although spending did increase. Even in democratic settings such as

Brazilian municipalities, resource windfalls might thus not lead to better economic outcomes.

5The analysis in Reinikka and Svensson (2004) shows for instance how local governments typically captured
a substantial share of grants intended for schools in Uganda.
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The country that we analyze in this study is Indonesia which experienced similar �scal

decentralization reforms as Brazil and a similar boom in oil revenues. The main research

topic is whether resource windfall gains resulted in an increase in local public goods provision.

Judging from existing studies, our main hypothesis is that resource windfalls should lead to

more public goods, although we recognize that such an e¤ect cannot be taken for granted due

to the potentially confounding impact of local political institutions.

3 Context of study

3.1 The 1999 Fiscal Decentralization Reform

The Indonesian administrative structure is composed of di¤erent levels: central government,

provinces (like US states), districts (US counties), sub-districts and villages. During the

1966-1998 autocratic regime, most of the power was retained by the central government.

After the fall of Suharto, the government undertook a massive decentralization process and

redistributed a large part of this power to districts. The transfer of authority concerned all

�elds other than macro-policies6: public works, health, education and culture, agriculture,

transportation, industry and trade, investment, environment, land, cooperatives, and labor

(art 11.2).7 The reform became law in November 1999 and came into power simultaneously

across all Indonesian districts in January 2001.

Laws 22/1999 and 25/1999 regulate the sources of local revenue. They consist of: own

income (local taxes and fees, returns from regional-owned enterprises), revenue sharing (local

share of taxes, local share of revenues from natural resources) and grants (transfers from the

central government). The greatest part of local revenue used to come from transfers from

the central government in the pre-decentralization period (called SDO) and continues to be

6Macro policies include foreign politics, defense, justice, monetary, �scal and religious policies.
7 It is di¢ cult to �nd additional details on these responsibilities. About education: since 1994 education

is mandatory until the 9th grade, therefore districts are particularly responsible for primary and junior-high
education. It is not clear how provinces and districts share the responsibility for school building and for hiring
and paying teachers. About infrastructures: districts are not directly responsible for electricity provision
because that is typically provided by a State-owned enterprise (PLN); they are directly responsible for water
provision because that is typically provided by local branches of the water utilities (PDAM). About roads: the
central government is directly responsible for highways; provinces are directly responsible for roads crossing
more than one district; districts are directly responsible for all the others.
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so even after decentralization (DAU and DAK). Among the other sources of income, one was

deeply a¤ected by the reform and constitutes the focus of this paper: the redistribution of

revenues from natural resources. Natural resources are oil, natural gas, mining, forestry and

�shing. While state income from �shing was redistributed equally across all districts, the

revenues from all the other resources were redistributed according to location. Table 1 shows

the exact shares which went to central and regional governments (art. 6 of Law 25/1999).

Following decentralization, the central government retained a lower percentage of the

natural resource tax revenues, while resource-abundant districts retained a greater percentage.

Resource-abundant districts (henceforth: producing districts) were not the only bene�ciaries

of this re-allocation. The �scal decentralization law states also that non-producing districts

within producing provinces are entitled to a share of natural resource tax revenues. This share

varies depending on the type of natural resource (see table 1). Although it is relatively high for

forestry and mining and low for oil and gas, the latter are a lot more valuable. Therefore, this

legislative change not only provides producing districts with a substantial share of the resource

revenues, but also redistributes another share to districts located nearby. A noticeable feature

of the revenue sharing originating from natural resources is that the law does not specify how

the receiving districts should spend these additional revenues, i.e. there are no obligations

attached to them.

Table 1: Allocation of revenues from natural resources (percentages)

Period < 2001 � 2001

Type Centre Province Districts Centre Province Districts

Prod. Prod. Prod. Prod. Non-prod.

Oil 100.0 0.0 0.0 84.5 3.1 6.2 6.2

Gas 100.0 0.0 0.0 69.5 6.1 12.2 12.2

Mining, rent 65.0 19.0 16.0 20.0 16.0 6.4 0.0

Mining, royalty 30.0 56.0 14.0 20.0 16.0 3.2 32.0

Forestry 55.0 30.0 15.0 20.0 16.0 3.2 32.0

Source: World Bank (1994) and Law 25/1999
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3.2 Study areas: Sumatra and Kalimantan

The two areas that we study in this paper are Sumatra and the Indonesian part of Borneo

(Kalimantan). There are several oil and gas producing provinces in Indonesia. However,

only few of them produce a quantity of oil and gas that quali�es transfers to non-producing

districts located in producing provinces greater than 5 percent of their district budget. These

provinces are located in Sumatra and Kalimantan. Figures 1-2 show the distribution of oil and

gas revenues on province and district level on Sumatra. As the Figures show, the most central

province, called Riau, has received substantial new revenues from natural resources after the

recent reform and so has the province of South Sumatra. Also the northern province, Aceh,

receives large �ows of rents. However, this province has for a long time sought independence

from Indonesia and has been plagued by civil strife. Aceh is also one of the provinces that was

hardest hit by the 2004 tsunami, just like all the provinces with shores along the Sumatran

west coast.8 In order to avoid these confounding e¤ects, our main analysis will exclusively

focus on the provinces Riau and South Sumatra as treatment regions and its neighboring

districts in North Sumatra in the northwest and Jambi in the south as control regions.

Our main approach is thus to use the areas along the borders of natural resource-rich

Riau and South Sumatra to identify the impact of resource-related revenues on public good

provision on Sumatra. The dotted lines in Figure 3 specify more exactly the borders that we

focus on in this part of the study. In the empirical section, we will use data from villages that

are 200-300 km from the border on each side.

Spatial RD designs require all determinants of the outcome of interest to change smoothly

at the border. One potential threat to this econometric methodology is that the province

border was drawn in correspondence of geographic or human cleavages which are themselves

correlated with the provision of public goods (see for instance Dell (2010)). Figure 3 shows

the geography of our treatment and control areas. The Figure shows that there are no

obvious discontinuities along the border in terms of terrain. Jambi, located in between the

two treatment areas, has a very similar lowland geography to Riau and South Sumatra,

8The big tsunami in december 2004 had its epicenter in the Indian Ocean right west of Aceh. Hence, Aceh
and the provinces on the western coast of Sumatra were a¤ected but not the eastern coasts.
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whereas North Sumatra has lowland plains close to the border but also mountains in the

west. In the empirical section, we discuss further how we exclude mountain villages in order

to check robustness.

As Figure 3 shows, Riau is located by the Strait of Malacca and has the Singapore and

Kuala Lumpur metropolitan areas as neighbors across the strait. Riau province has currently

about 5.5 million inhabitants and has experienced a steady growth of population and of

its economy since the 1970s, largely due to natural resource exploitation. South Sumatra�s

population is about 7.4 million. The capital city, Palembang, hosts about 1.5 million of the

province�s inhabitants. Jambi�s population is about 3 million whereas North Sumatra�s is

about 12 million, according to the 2010 census. Population density on the island as a whole

is just below 100 people per km2: In the four provinces in our study, population density is

fairly evenly distributed apart from coastal North Sumatra which has a higher population

density than the other areas. Malay is the main language spoken in Riau and other dialects

of the same family are also the main tongue in Jambi and in South Sumatra. In the interior

of North Sumatra, languages of a somewhat di¤erent family dominate (Ethnologue (2009)).9

The current situation in the four provinces has of course been heavily in�uenced by gen-

eral historical developments on Sumatra. Sumatra hosted several kingdoms after its initial

settlement around 500 BC. One of the most dominant polities was the Buddhist Kingdom

of Srivijaya, based in South Sumatra�s capital Palembang. This maritime power �ourished

between 850-1025 AD and was a very important trading hub between east and west. After

Srivijaya�s decline, most of the population on Sumatra converted to Islam by the year 1300

through the in�uence of Arab and Indian traders. Aceh became the dominant political unit

in the 16th century and resisted the increasing Dutch in�uence until the Aceh War 1873-1903.

Trade was always a central part of the Sumatran economy, in particular during the Dutch

East Indies-era when Dutch traders dominated the spice trade. In 1945, Sumatra became

part of newly independent Indonesia (Ricklefs (2008)).

Although Sumatra is the main focus of our analysis, we also investigate the impact of

resource windfalls among the provinces of Kalimantan, the other major oil-producing region
9These language are Batak Mandailing, Batak Angkola, and Batak Toba.
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in the country. Kalimantan is made up of the Indonesian parts of Borneo. Before the colonial

period, the southern parts of Kalimantan belonged to the Banjar sultanate (1526-1860). The

Dutch colonial power increased its presence in the 19th century from their bases on Java but

the current Indonesian borders of the Dutch colony were not established until in the early 20th

century. Kalimantan was always considered a peripheral part of the colony. Like Sumatra,

Kalimantan became part of independent Indonesia in 1945.

Kalimantan province split into three provinces in 1956; West, South, and East. The follow-

ing year, South Kalimantan split into South and the geographically larger Central Kalimantan

in order to give the indigenous Dayak population of Central province greater autonomy from

the Muslim populations in South Kalimantan. Kalimantan hosts numerous ethnic groups of

which the most important language families are Malayic, Barito, Dayak, and North Borneo.10

A simpli�ed description, Dayak groups dominate the interior whereas Muslim groups control

the lands closer to the coast.

In terms of natural resources, Kalimantan is perhaps the richest region in the country,

whereas in terms of general wealth, it is relatively undeveloped (like most of the areas outside

Java). In terms of population density and the geographic dispersion of economic activity,

Kalimantan is similar to the many African countries currently experiencing a resource boom.

Total population in 2010 is estimated to be just below 14 million and population density is

only 25 people per km2, which can be compared with Sumatra�s 100 people per km2 and

Java�s equivalent Figure of over 1000 per sq. km.

East Kalimantan is the only province where oil is produced whereas no oil is produced in

South, Central, and West Kalimantan. Our analysis focuses on the border area between East

Kalimantan and the other three provinces, as shown in Figure 4. The widest area that we

consider includes villages as far as 100 kilometers from the border. We choose this threshold

because the treatment area beyond this point is mainly covered by a producing district which

we have excluded from the analysis. We also study outcomes at closer distances from the

border.

Figure 4 shows the geographic features of the border area. As is evident from the map, the
10Data is from Ethnologue (2009). Kalimantan as a whole has 74 distinct languages.
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terrain is not obviously di¤erent on either side of the border. On the contrary, the topography

is typically quite similar on both sides. In terms of ethnicity, our investigations show that

at least the southern and central parts of the border cut right through the traditional lands

of ethnic groups within the Barito language family.11 Although we have not found speci�c

reasons which explain why the province border is shaped as it is, we have found no information

suggesting that the border was shaped by major discontinuities in colonial or pre-colonial

history.

4 Data and identi�cation strategy

4.1 Data

In this paper we make use of village data and district data. The village data come from

various waves of the Indonesian Village Census (PODES), collected by the Indonesian Na-

tional Institute of Statistics (BPS) every three years. We make use of the 1996, 2000, 2003 and

2006 waves.12 The village censuses include detailed information on geographic characteristics,

dwelling and wealth characteristics for the majority of the households, access to infrastruc-

tures, economic activities. The main advantage of using these data is that they cover the

entire universe of Indonesian villages. This allows us to avoid problems of sample size in our

study area. The second advantage is that we can merge these data with detailed information

on the location of these villages.13

The second type of data that we use is the budget data collected by the Ministry of

Finance. The data include revenue and expenditure data. The revenue components include

the data on natural resource related transfers that constitute our explanatory variable of

11See maps on Indonesia in Ethnologue (2009).
12The village data are collected in preparation of larger household surveys (or censuses). Hence, the year

of the PODES does not always correspond to the e¤ective collection period. For example, the PODES 2000
data were collected during the fall 1999, the PODES 2003 during the fall 2002, while the PODES 2006 were
collected during the late spring 2005.

13Village coordinates are available only at a speci�c point in time. Merging village coordinates with the vil-
lage censuses is challenging because the villages have no common identi�er across the di¤erent waves. Therefore
we decide to track villages across waves using their name, the name of the sub-districts and districts in which
they are located and detailed documents about how districts, sub-districts and villages split and aggregated
over time. We successfully track about 62 percent of the villages in our baseline (1996) data.
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interest.

4.2 Identi�cation strategy

The legislative change generates automatically two groups: districts located in producing

provinces and districts located in non-producing provinces. Districts belonging to the �rst

group should have experienced a remarkable increase in their revenue driven by the oil and

gas transfers. An obvious identi�cation strategy would be to compare the two groups over

time, thus applying a Di¤erence-in-Di¤erence (DD) strategy. Since we have the precise geo-

referenced location of all the villages in the sample, we push the identi�cation strategy one

step further and adopt a spatial Regression Discontinuity (RD) design in which we compare

villages facing each other from the opposite sides of the province borders.

In order to unfold the research design in a clear way, we present the identi�cation strategy,

the econometric speci�cation and the results for the Sumatra study area. The details and the

results for the Kalimantan study area are summarized in Section 6.

We consider a "large" sample including all villages within 300 kilometers from the closest

border and a restricted sample including all villages within 200 kilometers from the same

borders. The "large" sample includes 5107 villages (2308 treatment villages in 12 districts,

2799 control villages 14 districts), while the "restricted" sample includes 4109 villages (1949

treatment villages in 10 districts, 2160 control villages in 11 districts). Table 2A shows that,

before the legislative change, treatment and control villages were broadly similar in terms of

geographic, dwellings and infrastructure characteristics even when the sample includes villages

relatively far from the border.14

Figure 5 shows the district revenue per capita over time.15 Consistent with the imple-

mentation of Law 22/1999, districts experience a sharp increase in revenue in 2001. Figures

6 and 7 show the pattern of district revenue disaggregated by treatment/control group and

14Table 2B shows the comparison of treatment and control villages after we excluded villages in producing
districts. The few relevant di¤erences seem to be in terms of quality of the main road, village area and
prevalence of primary schools.

15Since any homogeneous distance from the border cuts through several districts we further weigh the
revenue by the number of villages included in the sample. District population and number of villages are
obtained from the 1996 PODES data. We describe these data more in detail in the next section.
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by source of revenue. The Figures support our research design: treatment areas experience

a greater increase in revenue than control areas; this additional increase is driven by trans-

fers related to natural resources.16 Next, we look at district expenditure. Figure 8 shows

that treatment areas increase their expenditure as soon as their revenue increases. This is

a similar pattern to what was found in Brazil. In addition, we document strong increase in

administrative expenditure (Figure 9), followed by a strong increase in transport and public

work expenditure and education (Figure 10).17

In order to understand whether the quantity and quality of local public goods actually

improve, we need to combine this data with village censuses.

4.3 Econometric speci�cation and falsi�cation experiments

One of the biggest advantages of our dataset is the time dimension. First, it allows to compare

villages close to the border before and after the legislative change. Second, joint with our work

on tracking villages over time, it allows us to include village �xed e¤ects in the analysis. Third,

joint with the availability of two waves of data before the legislative change takes place, it

allows us to estimate the impact of the legislative change on treatment villages before the

legislative change actually takes place (falsi�cation experiment).

While a typical spatial RD design requires all determinants of the outcome of interest to

change smoothly at the boundary (so that villages just outside the boundary are an appro-

priate control group to villages just inside it), the availability of village characteristics before

and after the legislative changes requires us to assume that only time-varying determinants of

the outcome of interest change smoothly at the boundary.18 This assumption is signi�cantly

16Treatment and control groups still exhibit great di¤eren even if we exclude the producing districts (not
reported).

17 It is not trivial to follow sector expenditure over time because the Ministry of Finance changed the budget
structure in 2003. This creates two problems. First, not all districts switched to the new system at the same
time. Second, the expenditure categories with the new system do not match well the old categories (i.e., it is
very di¢ cult to reconstruct the entire time series using only one reporting system). In our case before 2003
routine expenditure for sectors like education (e..g teachers�wages) fell into the administrative category, while
building new schools fell into the education section. Along the same lines, there is a relationship between
transportation expenditure in 2001-2002 and public work expenditure 2003-2005, although the details are
unclear.

18To our knowledge, the only other empirical application combining a spatial RD design with a time dimen-
sion is Lemieux and Milligan (2008).
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weaker if one was concerned with persistent di¤erences between the two groups.

With the sample of villages so restricted, we estimate the impact of the legislative change

on treatment villages using the following econometric speci�cation:

cidt = �1;i + 
1;1999(Td � 1999) +
X

t2f2002;2005g

�

1;t (Td � dt)

�
+ dt + "idt (1)

where cidt is the outcome in village i; district d at time t, �i is a village �xed-e¤ect, Td is a

measure of the resource windfall, dt is the year �xed e¤ect, and "idt is the error term clustered

at the district level.

We will use two di¤erent measures of the resource windfall: a simple binary variable

indicating whether the district is located within a producing province, and a continuous

variable capturing the average per capita oil and gas transfers that the district government

received during the current and the two previous periods.19 Our outcomes of interest measure

the amount of public goods that villagers have access to: for education we use binary variables

indicating whether the village has a primary school, whether it has a junior-high school and

whether it has a senior-high school; for health we use binary variables indicating whether

the village has a maternity hospital/house, whether it has a health center and whether the

majority of the households have access to piped water; for transportation we use a binary

variable indicating whether the majority of the tra¢ c is through land (as opposed to water),

whether the main village road is paved and whether the village has a bus terminal; other

infrastructures are whether the village has a public phone, whether it has a post o¢ ce and

whether it has a permanent market. The key parameter of interest are 
1;2002 and 
1;2005.

These two coe¢ cients capture the impact of the resource windfall on public good provision as

long as there are no di¤erences between treatment and control villages (other than the resource

windfall) that vary over time and are correlated with public good provision (identi�cation

assumption). If 
1;2005 > 0 or even 
1;2002 > 0, this means that treatment villages experienced

19 Including the two transfers preceding the current one in our measure seems appropriate not only because
the e¤ect of the resource windfall may take place with one or more lags, but also because districts received not
transfers in 2000. Hence, the measure incorporates by construction the fact that the impact in 2002 may be
weaker than the impact in 2005.
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a greater increase in public goods than the control group after the legislative change. The

other parameter of interest is 
1;1999, which works as a falsi�cation experiment. If 
1;1999 = 0,

then treatment villages experienced no variation in public goods relative to the control group

before the legislative change. This would be consistent with the identi�cation assumption

being valid. On the contrary, a coe¢ cient estimate di¤erent from zero would shed some

doubt on the validity of the identi�cation assumption.

Speci�cation (1) essentially corresponds to a Di¤erence-in-Di¤erence (DD) speci�cation.

Since we have detailed information on the geographic location of each village in the dataset,

we can specify further our econometric model using a spatial Regression Discontinuity (RD)

design. Like Dell (2010) we have not enough units close to the border to specify a fully �exible

local linear regression. Hence, we turn to the following semi-parametric speci�cation:

cidbt = �2;ib+
2;1999(Td�1999)+
X

t2f2002;2005g

�

2;t (Td � dt)

�
+[f(locationi) � dt]+(�b � dt)+"ibdt

(2)

where f(locationi) is a function of the geographic location of the village, �b is binary

indicator for the boundary and "ibdt clustered at the district level. Since econometric theory

(and practice) does not provide precise indications on which functional form is superior in a

spatial RD design, we use three di¤erent speci�cations: a cubic polynomial of the latitude

and the longitude of the village; the distance of the village to the closest border; a cubic

polynomial of the distance of the village from the border.20 The interaction between the

segment indicators and the year indicators (�b � dt) imply that we control for segment-year

�xed e¤ects, rather than just for year �xed e¤ects. Controlling for segment-year �xed e¤ects

means that the comparison between villages on di¤erent sides of the boundaries that identi�es

our coe¢ cient estimates of interest is restricted to those villages "facing each other", i.e.,

lying on di¤erent sides of the same boundary. This could be important because our study

area includes three di¤erent boundaries that are located far away from each other. The
20 In the results we report only the coe¢ cient estimates associated with the cubic polynomial of the distance

to the border for the sake of brevity. The results for the other two alternatives are typically very similar and
are available upon request.
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two coe¢ cients of interest (
2;2002 and 
2;2005) capture the impact of the resource windfall

on public good provision as long as there are no di¤erences between treatment and control

villages (other than the resource windfall) that vary over time, are correlated with public good

provision and vary discontinuously across the border. The identi�cation assumption is weaker

than in speci�cation (1) because the inclusion of segment-year �xed e¤ects and the �exible

function of village location allows possible di¤erences in local markets not to confound our

e¤ect of interest.21

Finally, since our sample of districts includes both producing and non-producing districts,

and local governments may behave very di¤erently across the two categories, we will also

estimate speci�cation (2) controlling for a binary indicator for producing districts interacted

with a full set of time dummies. This will ensure that our coe¢ cients of interest (
2002 and


2005) capture the impact of the resource windfall on local government behavior rather than

the direct impact of oil and gas extraction on the local economy.

5 Results

Table 3A shows the impact of the resource windfall on transportation infrastructures, i.e.,

whether the majority of the tra¢ c runs through land (Columns 1-4), whether the village road

is paved (Columns 5-8) and whether the village has a bus terminal (Columns 9-12). Panel A

shows the results associated with the binary treatment indicator. The e¤ect of the revenue

windfall on the likelihood that most of the tra¢ c runs through land is close to zero in all

speci�cations. The e¤ect of the revenue windfall on road quality seems to be negative before

decentralization, positive and relative large immediately afterwards, and positive and small in

the medium term.22 None of the coe¢ cient estimates is consistently signi�cant. Panel B and

21Controlling for distance to the border is similar to controlling for distance to the extraction points. We
expect oil extraction to in�uence the markets closeby. However, we also expect such in�uence to fade away
smoothly with distance from the extraction points (Aragon and Rud (Forthcoming)). Treatment villages are,
on average, closer to these extraction points than control villages, but any possible direct (time-varying) impact
of this di¤erence on public good provision should be captured by the distance to the border.

22Specifying the function of geographic location as (linear) distance to the border or a cubic polynomial of
latitude and longitude does not a¤ect the results. This holds true for all other results in this section unless
otherwise speci�ed.
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C show the results associated with per capita oil and gas transfers averaged over the current

and the previous two years. The e¤ect of the revenue windfall on road quality is positive and

signi�cant throughout all speci�cations. The magnitude is rather small: an increase in per

capita oil and gas revenue of one standard deviation (15 USD) increases the probability of

having the road paved by 3 percentage points, i.e., about 5 percent of the pre-decentralization

average. In addition, the resource windfall seems to have no e¤ect on the likelihood of having

a bus terminal (Columns 5-8).

Table 3B shows the impact of the resource windfall on education infrastructures, i.e.,

whether the village has a primary school (Columns 1-4), a junior-high school (Columns 5-8)

or a senior-high school (Columns 9-12). The revenue windfall seems to have no e¤ect on the

likelihood of having a primary school. On the other hand, it seems to have a consistent positive

impact on the likelihood of having a junior-high school: being located in a producing province

is associated with an increase of 8.3 percentage points of having a junior-high school in 2002

and 9.9 points in 2005, i.e., an increase of (respectively) 26 and 31 percentage points relative

to the pre-decentralization average. The coe¢ cient estimates associated with the continuous

measure of the revenue windfall (Panel B and C) con�rm the direction and signi�cance of

the impact. An increase in per capita oil and gas revenues of one standard deviation is

associated with an increase of 3 percentage points, i.e., an increase of 9.3 points relative

to the pre-decentralization average. On the contrary, the results for senior-high schools are

mixed: the coe¢ cient estimates are positive but relatively large only in the second period and

not always signi�cant. An increase in per capita oil and gas revenues of one standard deviation

is associated with an increase of 1.5 percentage points, i.e. an increase of 8.3 points relative to

the pre-decentralization average. Overall, the resource windfall has the strongest impact on

junior-high schools. This is consistent with the what we know about education in Indonesia:

primary education is almost universal (87 percent of villages have a primary school); junior-

high schools are widespread but not nearly as much as primary schools (junior-high schools

are present in 32 percent of the villages) notwithstanding the increase in mandatory education

to the �rst nine grades adopted since the early 1990s; senior-high schools are relatively rare
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(they are present in 16 percent of the villages).

Table 3C shows the impact of the resource windfall on health infrastructures, i.e., whether

the village has a maternity house (Columns 1-4), a health center (Columns 5-8), or whether

the majority of the households has access to piped water (Columns 9-12). We �nd no evidence

of an increase in health infrastructures following the increase in oil and gas revenues.

Table 3D shows the impact of the resource windfall on whether the village has a public

phone (Columns 1-4), a post o¢ ce (Columns 5-8) or a permanent market (Columns 9-12). The

resource windfall does not seem to have led to more communication infrastructures, although

the results for the post o¢ ce are mixed. On the contrary, it seems to have led to better

trade infrastructures: being located in a treatment village is associated with an increase of

7.7 percentage points on the likelihood of having a permanent market in 2002 and 7.9 in 2005,

i.e., 55 and 57 percent relative to the pre-decentralization average. The coe¢ cient estimates

associated with the continuous measure of the revenue windfall (Panel B and C) con�rm the

direction and signi�cance of the impact. An increase in per capita oil and gas revenues of

one standard deviation is associated with an increase of 3 and 1.5 percentage points, i.e.,

an increase of, respectively, 20 and 10 percentage points relative to the pre-decentralization

average.

In order to make sure that the producing districts are not driving the evidence found so

far, we re-estimate the previous models controlling for an interaction between a producing

indicator and the time dummies. By controlling for the producing districts, our coe¢ cient

estimates should capture uniquely the e¤ect of the revenue windfall on local government

behavior without any obvious direct impact of oil extraction. Table 4 shows the results for

selected outcomes: whether the village has a paved road (Columns 1-4), whether it has a

junior-high school (Columns 5-8), whether it has a permanent market (Columns 9-12). The

coe¢ cient estimates essentially con�rm the previous results: the revenue windfall led to more

junior-high schools and more permanent markets, while the evidence for road quality is, again,

mixed.
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6 Resource windfall and public goods in Kalimantan

As discussed in Section 3, there is only one other area in Indonesia where the oil and gas

extraction takes place at a scale so high that it leads to relevant oil and gas transfers to

districts located within the same province of the producing district. This area is Kalimantan.

Oil and gas extraction takes place almost exclusively in East Kalimantan. Hence, our analysis

focuses on the border area between East Kalimantan and the other three provinces (Figure 4).

The study area is not as large as for Sumatra. Hence, we expect to have a lower power to detect

any change in public good provision following the redistribution of resource revenues. On the

other hand, replicating the analysis in a di¤erent region of Indonesia may yield interesting

insights, for example, in terms of external validity, since Kalimantan and Sumatra di¤er in

many aspects.

The widest area that we consider includes villages as far as 100 kilometers from the border.

We choose this threshold because the treatment area beyond this point is mainly covered by a

producing district which we want to exclude from the analysis. Along the lines of the analysis

for Sumatra, we gradually restrict the study area to villages within 75, 50 and 25 kilometers

from the border. Our �nal sample includes: 1,551 villages for the 100 kilometer sample (275

treatment, 1,276 control); 1,174 villages for the 75 kilometer sample (222 treatment, 952

control); 589 villages for the 50 kilometer sample (158 treatment, 431 control); 187 villages

for the 25 kilometer sample (52 treatment, 135 control).23 Table 5 shows the comparison

of treatment and control villages in terms of a wide range of geographic and demographic

characteristics, as well as in terms of dwellings and public infrastructures. Treatment and

control villages show some di¤erences, but they tend to fade away as we get closer to the

border.

Figure 11-16 shows the pattern of revenue, revenue components and expenditure across

treatment and control villages over time. The pattern con�rms that treatment villages did

experience a resource windfall following the implementation of the �scal decentralization law

even stronger than in the Sumatra study area.
23For Kalimantan we manage to track over 90 percent of the villages over time. Hence, we are much more

con�dent in the quality of the data throughout the entire analysis than we did for Sumatra.

20



We turn to the econometric analysis. It is important to keep in mind that a recent

econometrics literature (see Cameron and Miller (2011) and references therein) has found

that clustering the standard errors with less than 30 clusters can lead to underestimating the

true standard errors. The problem can be particularly severe with less than 10 clusters and

generally fades away as the number of clusters increases. Based on Monte-Carlo simulations

in Cameron, Gelbach, and Miller (2008), the econometric analysis that we carried out for the

Sumatra study area should be still valid (since we used 26 and 23 clusters). However, the

analysis for the Kalimantan study area will be based on a number of clusters ranging from 15

in the largest sample to 8 in the smallest.

We re-estimate speci�cation (1) and (2) for this study area. Due to data constraints,

we estimate only the speci�cations using the binary treatment measure. Table 6A, Panel A,

shows the results for transportation infrastructures: whether the majority of the tra¢ c runs

on land (Columns 1-5); whether the main road is paved (Columns 6-10); whether the village

has a bus terminal (Columns 11-15). The coe¢ cient estimates of interest are positive, large

and signi�cant for whether the majority of the tra¢ c is through land (rather than water):

being located in a treatment village is associated with an increase of 15 percentage points in

2002 and 25 points in 2005 of having the majority of the tra¢ c through land, i.e., an increase

of 23 and 38 percentage points relative to the pre-decentralization average (about 66 percent).

On the other hand, the resource windfall does not seem associated with an increase in quality

of the road (whether it is paved or not) and public transport facilities (whether there is a bus

terminal in the village).

Panel B shows the results associated with education infrastructures. As for Sumatra, the

resource windfall does not seem to be associated with an increase in primary schools (Columns

1-5), while it does seem to be associated with an increase in junior-high schools (Columns

6-10) and senior-high schools (Columns 11-15). The increase in likelihood of having a junior-

high school in the village is 2.8 percentage points in 2002 and 9.3 in 2005, i.e., an increase of

18 and 60 percent relative to the pre-decentralization average (15.6 percent). The increase in

likelihood of having a senior-high school in the village is 2.2 percentage points in 2002 and 10.6
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in 2005, i.e., an increase of 56 and 270 percentage points relative to the pre-decentralization

average (3.9 percent).

Table 6B, Panel A, shows the results for health infrastructures. The resource windfall

seems to be associated with an increase of 2.8 percentage points in 2002 and 2.6 in 2005,

i.e., 700 and 650 percentage points relative to the pre-decentralization average (0.4 percent).

However, notice that the pre-decentralization e¤ect is almost half as large as the coe¢ cient

estimates of interest, so one must use caution to interpret these estimates as evidence of such

a strong e¤ect of the resource windfall of maternity hospitals. Indeed, having a maternity

hospital in the village seems to be an event so rare that few observations may be driving the

entire result. This is not the case for the second health outcomes: whether the village has

a health center. There appear to be few health centers in the study area, but having one is

not such a rare event as it was for the maternity hospital (the pre-decentralization average is

8.1 percent). The resource windfall is associated with no e¤ect in 2002 and an increase of 8.6

percentage points in 2005, i.e., 106 percent relative to the pre-decentralization average. There

does not seem to be any e¤ect on access to piped water (the coe¢ cient estimate is positive

and signi�cant in 2002, but it is not robust across the various speci�cations).

Panel B shows the results for other infrastructures. The resource windfall is associated

with an increase in whether the village has a public phone (Columns 1-5). However, as for the

maternity hospital, the coe¢ cient estimates appear unreasonably large and this may be due

to the scarcity of this facility in Kalimantan (the pre-decentralization average is 2.3 percent).

On the other hand, the resource windfall seems to have increase the presence of post o¢ ces

(temporary or permanent): the e¤ect is about zero in 2002 but there is an increase of 2.6 in

2005, i.e., an increase of 40 percent relative to the pre-decentralization average (6.5 percent).

Finally, the resource windfall does not seem to have a clear e¤ect of trade facilities: the

coe¢ cient estimates associated with whether there is a permanent market in the village vary

in magnitude and signi�cance across speci�cations.

Table 7 shows the results for some selected outcomes once we control for the (few) vil-

lages located in producing districts. The coe¢ cient estimates are virtually identical to those
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previously found.

7 Conclusions

In this paper, we study the impact of a �scal decentralization programme in Indonesia that

provided producing provinces with a greater share of resource revenue from oil and gas. Our

main research question is whether this change actually led to an increase in the provision of

local public goods like health and education. The previous literature on natural resources

and economic development suggests several reasons why resource windfalls might actually not

contribute to an improved supply of public goods.

In order to make our study as similar to a natural experiment as possible, we restrict

our analysis to natural-resource rich regions Sumatra and Kalimantan and to comparing vil-

lages close to the border between oil producing and non-producing provinces. Our empirical

analysis employs a regression discontinuity design where we use di¤erent distances to bor-

der as a restriction for inclusion in our treatment and control groups. Our results suggest

that high school facilities tended to improve in the treated villages, in particular 3-4 years

after decentralization. This �nding seems robust across the two study areas. Otherwise the

revenue windfall is associated with an increase in trade infrastructures in Sumatra (but not

in Kalimantan), while it is associated with an increase in road, health, and communication

infrastructures in Kalimantan (but not in Sumatra). We found no evidence of a decrease

in public goods. Hence, we �nd no indications of a curse of natural resources but rather of

bene�cial or no e¤ects of the resource windfall.

We believe the Indonesian �scal decentralization program might provide poor, resource-

abundant countries with an interesting policy experiment that has not previously been widely

tested throughout the world. There are however numerous issues that remain to be studied

within our Indonesian context. For instance, it would be useful to reach a stronger under-

standing of the political economy at local level. Why do an increase in resource rents lead

to an increase in certain public goods and not in others? In future work, we also hope to

obtain better measures of public good quality. For instance, it would be interesting to analyze
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whether the improved facilities for high schools are also associated with an improved pupil

attendance or stronger test scores. This is left for future work.
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Figure 1: Magnitude of oil and gas transfers in absolute terms in 2002 on Sumatra 

 

Note: The thick lines show province borders whereas the thin lines show district borders. The names of 
the four provinces included in the study are in italics.  
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Figure 2: Magnitude of per capita oil and gas transfers in 2002 on Sumatra 

 

Note: The thick lines show province borders whereas the thin lines show district borders.  
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Figure 3: Borders between treatment (Riau, South Sumatra) and control areas (Northern Sumatra 
and Jambi) on Sumatra 

 

Note: The three dotted lines show the borders exploited in the empirical study between treatment and 
control areas. The northeastern dotted line is between Riau (treatment) and North Sumatra (control), the 
central line between Riau (treatment) and Jambi (control), and the southernmost line is between South 
Sumatra (treatment) and Jambi (control). The black lines show the borders to provinces not included in 
the study.   
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Figure 4: Border between treatment (East Kalimantan) and control areas (West, Central, and 
South Kalimantan) 

 

Note: The dotted lines show the borders exploited in the empirical study between the treatment area East 
Kalimantan and the control areas West, Central, and South Kalimantan.  
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Figure 5: Evolution of per capita district revenue over time (Sumatra). 

 

Figure 6: Per capita district revenue in treatment and control areas (Sumatra). 
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Figure 7: Per capita district revenue components in treatment and control areas (Sumatra) . 

 

Figure 8: Per capita district expenditure in treatment and control areas (Sumatra). 
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Figure 9: Per capita district administrative expenditure in treatment and control areas (Sumatra). 

 

Figure 10: Per capita district expenditure, other primary components (Sumatra). 
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Figure 11: Evolution of per capita district revenue over time (Kalimantan). 

 

Figure 12: Per capita district revenue in treatment and control areas (Kalimantan). 
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Figure 13: Per capita district revenue components in treatment and control areas (Kalimantan) . 

 

Figure 14: Per capita district expenditure in treatment and control areas (Kalimantan). 
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Figure 15: Per capita district administrative expenditure in treatment and control areas (Kalimantan). 

 

Figure 16: Per capita district expenditure, other primary components (Kalimantan). 
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Sample
Treatment Oil-rich Oil-scarce Oil-rich Oil-scarce
Statistic mean mean t-stat mean mean t-stat
Village located on the coast 0.065 0.043 (0.493) 0.062 0.035 (0.646)
Village located in a valley 0.026 0.078 (-1.414) 0.025 0.094 (-1.693) *
Village located in a hilly area 0.099 0.129 (-0.552) 0.071 0.131 (-1.075)
Village located in a plane 0.814 0.75 (0.838) 0.847 0.739 (1.288)
Urban village 0.097 0.176 (-1.003) 0.108 0.119 (-0.158)
Official urban village 0.118 0.154 (-0.459) 0.135 0.116 (0.291)
Population 3109.682 3089.259 (0.020) 2793.325 2447.605 (0.378)
Number of households 559.724 587.714 (-0.153) 572.789 449.206 (0.723)
Number of households in agriculture 303.38 267.816 (0.513) 291.142 260.004 (0.375)
Electricity in the village 0.863 0.892 (-0.611) 0.879 0.87 (0.157)
Share of households with electricity 0.331 0.533 (-2.576) *** 0.355 0.491 (-1.614)
Public phone in the village 0.092 0.135 (-0.633) 0.1 0.081 (0.335)
Number of households with phone¹ 0.019 0.022 (-0.287) 0.021 0.014 (0.638)
Main road is lighted 0.237 0.467 (-2.021) ** 0.259 0.371 (-1.063)
Majority uses LPG/Kerosene for cooking 0.114 0.194 (-1.019) 0.124 0.121 (0.053)
Majority litters in bin, then delivered 0.123 0.134 (-0.166) 0.138 0.104 (0.612)
Majority households has private toilet 0.348 0.468 (-0.799) 0.34 0.392 (-0.317)
Majority households has public toilet 0.601 0.437 (1.499) 0.61 0.492 (0.995)
Streaming sewage system in village 0.588 0.679 (-1.167) 0.57 0.653 (-0.900)
Share of permanent dwellings 0.149 0.188 (-0.779) 0.148 0.154 (-0.127)
Slum in village 0.128 0.063 (1.951) * 0.138 0.051 (2.404) **
Share of households living in slum 0.02 0.007 (2.596) *** 0.022 0.006 (3.106) ***
Primary school in the village 0.915 0.815 (1.078) 0.91 0.795 (1.026)
Junior-high school in the village 0.286 0.335 (-0.591) 0.29 0.288 (0.017)
Senior-high school in the village 0.127 0.18 (-0.979) 0.128 0.137 (-0.188)
Number of primary schools in the village¹ 2.404 2.838 (-0.584) 2.416 2.655 (-0.273)
Number of junior-high schools in the village¹ 0.446 0.597 (-0.832) 0.456 0.462 (-0.036)
Number of senior-high schools in the village¹ 0.211 0.352 (-1.169) 0.21 0.248 (-0.410)
Hospital in the village 0.017 0.044 (-1.283) 0.019 0.027 (-0.561)
Maternity house in the village 0.045 0.125 (-1.457) 0.049 0.069 (-0.520)
Health center in the village 0.097 0.111 (-0.395) 0.1 0.095 (0.140)
Doctor in the village 0.145 0.177 (-0.475) 0.154 0.12 (0.651)
Midwife in the village 0.411 0.409 (0.026) 0.409 0.356 (0.682)
Majority has access to piped water 0.088 0.145 (-1.002) 0.089 0.123 (-0.601)
Main road is paved 0.604 0.503 (1.418) 0.63 0.459 (2.291) **
Majority traffic through land 0.883 0.972 (-2.064) ** 0.872 0.968 (-1.958) *
Bus terminal in the village 0.033 0.035 (-0.111) 0.036 0.023 (1.208)
Post office in village 0.073 0.075 (-0.084) 0.074 0.067 (0.275)
Land area (ha) 43567.841 16166.957 (2.588) *** 44470.253 19744.98 (1.967) **
Ratio population/land (ha) 0.862 2.076 (-1.143) 0.974 0.892 (0.131)
Permanent market in village 0.121 0.109 (0.330) 0.121 0.098 (0.582)
Temporary market in village 0.14 0.104 (1.217) 0.134 0.092 (1.362)
Community safety post 0.877 0.703 (1.373) 0.865 0.66 (1.381)
Police house in village 0.1 0.067 (0.922) 0.107 0.059 (1.196)
Village head finished junior-high 0.714 0.806 (-1.390) 0.713 0.772 (-0.837)
Village head finished high school 0.427 0.458 (-0.409) 0.445 0.417 (0.356)
Number of villages 2308 2799 1949 2160
Number of districts 12 14 12 11
Note: the "Difference" columns report the difference-in-mean test between oil-rich and oil-scarce villages, where standard 
errors have been clustered at the district level using district borders as in 1990

TABLE 2A
DESCRIPTIVE STATISTICS: SUMATRA AREA

<300 kilometers <200 kilometers
Difference Difference
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Sample
Treatment Oil-rich Oil-scarce Oil-rich Oil-scarce
Statistic mean mean t-stat mean mean t-stat
Village located on the coast 0.033 0.031 (0.080) 0.039 0.029 (0.342)
Village located in a valley 0.027 0.081 (-1.339) 0.026 0.097 (-1.701) *
Village located in a hilly area 0.122 0.132 (-0.160) 0.088 0.135 (-0.815)
Village located in a plane 0.822 0.756 (0.796) 0.852 0.739 (1.317)
Urban village 0.106 0.19 (-0.915) 0.12 0.122 (-0.024)
Official urban village 0.123 0.166 (-0.459) 0.145 0.118 (0.352)
Population 3106.973 3045.089 (0.053) 2679.367 2419.133 (0.259)
Number of households 542.235 572.193 (-0.147) 553.303 440.103 (0.596)
Number of households in agriculture 285.767 244.298 (0.579) 266.586 249.06 (0.206)
Electricity in the village 0.856 0.89 (-0.651) 0.878 0.875 (0.054)
Share of households with electricity 0.337 0.538 (-2.291) ** 0.366 0.501 (-1.476)
Public phone in the village 0.103 0.143 (-0.496) 0.113 0.084 (0.443)
Number of households with phone¹ 0.021 0.023 (-0.135) 0.024 0.015 (0.746)
Main road is lighted 0.274 0.45 (-1.445) 0.309 0.377 (-0.605)
Majority uses LPG/Kerosene for cooking 0.125 0.199 (-0.819) 0.138 0.12 (0.250)
Majority litters in bin, then delivered 0.132 0.139 (-0.100) 0.149 0.105 (0.684)
Majority households has private toilet 0.356 0.457 (-0.615) 0.342 0.392 (-0.293)
Majority households has public toilet 0.592 0.44 (1.265) 0.608 0.488 (0.943)
Streaming sewage system in village 0.59 0.67 (-0.911) 0.574 0.651 (-0.721)
Share of permanent dwellings 0.147 0.194 (-0.825) 0.143 0.158 (-0.290)
Slum in village 0.128 0.059 (1.821) * 0.139 0.049 (2.235) **
Share of households living in slum 0.018 0.007 (2.269) ** 0.02 0.005 (2.696) ***
Primary school in the village 0.9 0.799 (1.029) 0.893 0.789 (0.896)
Junior-high school in the village 0.263 0.328 (-0.738) 0.266 0.286 (-0.219)
Senior-high school in the village 0.122 0.178 (-0.944) 0.122 0.136 (-0.273)
Number of primary schools in the village¹ 2.31 2.766 (-0.562) 2.313 2.609 (-0.320)
Number of junior-high schools in the village¹ 0.418 0.59 (-0.856) 0.428 0.462 (-0.188)
Number of senior-high schools in the village¹ 0.208 0.353 (-1.071) 0.206 0.25 (-0.430)
Hospital in the village 0.018 0.046 (-1.219) 0.02 0.028 (-0.507)
Maternity house in the village 0.051 0.132 (-1.292) 0.057 0.071 (-0.317)
Health center in the village 0.094 0.102 (-0.241) 0.098 0.091 (0.182)
Doctor in the village 0.149 0.179 (-0.387) 0.159 0.118 (0.680)
Midwife in the village 0.445 0.407 (0.437) 0.446 0.358 (1.032)
Majority has access to piped water 0.101 0.15 (-0.736) 0.104 0.125 (-0.336)
Main road is paved 0.625 0.509 (1.429) 0.66 0.464 (2.378) **
Majority traffic through land 0.911 0.981 (-1.657) * 0.897 0.977 (-1.605)
Bus terminal in the village 0.03 0.033 (-0.235) 0.033 0.024 (0.778)
Post office in village 0.075 0.073 (0.065) 0.077 0.066 (0.407)
Land area (ha) 34759.007 15471.433 (2.196) ** 34550.818 17741.619 (1.565)
Ratio population/land (ha) 0.998 1.708 (-0.674) 1.157 0.916 (0.307)
Permanent market in village 0.121 0.109 (0.298) 0.119 0.094 (0.587)
Temporary market in village 0.14 0.099 (1.280) 0.13 0.092 (1.121)
Community safety post 0.893 0.676 (1.629) 0.88 0.65 (1.520)
Police house in village 0.088 0.064 (0.639) 0.096 0.053 (0.990)
Village head finished junior-high 0.717 0.801 (-1.166) 0.709 0.772 (-0.841)
Village head finished high school 0.428 0.46 (-0.378) 0.448 0.417 (0.362)
Number of villages 1825 2547 1497 2097
Number of districts 11 13 11 11
Note: the "Difference" columns report the difference-in-mean test between oil-rich and oil-scarce villages, where standard 
errors have been clustered at the district level using district borders as in 1990

TABLE 2B
DESCRIPTIVE STATISTICS EXCLUDING PRODUCING DISTRICTS: SUMATRA AREA

<300 kilometers <200 kilometers
Difference Difference
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