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Learning Dynamics and Support for Economic
Reforms: Why Good News Can Be Bad

Sweder J. G. van Wijnbergen and Tim Willems*

Support for economic reforms has often shown puzzling dynamics: many reforms that
began successfully lost public support. We show that learning dynamics can rationalize
this paradox because the process of revealing reform outcomes is an example of sam-
pling without replacement. We show that this concept challenges the conventional
wisdom that one should begin by revealing reform winners. It may also lead to situa-
tions in which reforms that enjoy both ex ante and ex post majority support will still not
come to completion. We use our framework to explain why gradual reforms worked
well in China (where successes in Special Economic Zones facilitated further reform),
whereas this was much less the case for Latin American and Central and Eastern
European countries. JEL classification: D72, D83, P21

Why have gradual economic reforms worked out well for China, whereas this is
much less the case for most Latin American and Central and Eastern European
countries? How is it possible that so many of the reforms that began successfully
while enjoying majority support subsequently lost this support, although there
are also examples of reforms that did not begin well but nevertheless managed to
maintain momentum among voters?

The most dramatic example of a reformist government that lost majority
support in spite of strong economic performance is Slovakia in 2006. At that
time, the Wall Street Journal Europe wrote,1

“Imagine you’re the leader of a country where economic growth is running at 6.3%, your govern-

ment has been praised by the World Bank as the best market reformer in the world [and] unemploy-

ment has fallen to a record low of 10.6% from around 20% in just four years. [. . .]

* Sweder van Wijnbergen is a professor at the Department of Economics, University of Amsterdam,

The Netherlands. He is also affiliated with the Tinbergen Institute. His e-mail address is s.j.g.

vanwijnbergen@uva.nl. Tim Willems (corresponding author) is a research fellow at Nuffield College and

the Department of Economics, University of Oxford, UK. He is also a member of the Centre for

Macroeconomics. His e-mail address is tim.willems@economics.ox.ac.uk. The authors thank the editor

(Andrew Foster), two anonymous referees, Philippe Aghion, Björn Brügemann, Tom Cunningham, Allan

Drazen, Michal Horvath, Ruixue Jia, Matija Lozej, Torsten Persson, Dani Rodrik, Gérard Roland, and

audiences at the EBRD and the 2013 SITE Conference in Stockholm for useful comments and discussions.

1. Robin Shepherd, “The Dzurinda Revolution”, Wall Street Journal Europe, June 12, 2006.
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With this record in mind, now consider that you face parliamentary elections this Saturday at

which, unless the opinion polls change dramatically, you risk annihilation by a leftist opposition

party with no experience of government and a policy agenda filled with populist rhetoric.

Welcome to the world of Mikuláš Dzurinda, prime minister of Slovakia, who for the past eight

years has led what can reasonably claim to have been the most successful neo-liberal government of

the 21st century so far.”

Despite his impressive reform successes, Dzurinda lost the 2006 elections to
Robert Fico of the SMER party (a breakaway party from the successor to the origi-
nal Communist Party of Slovakia), who reversed many of Dzurinda’s reforms.

With important reforms currently being implemented in many African and
Southern European states, it is important to understand why such puzzling reversals
can occur. In this paper, we focus on the interaction between learning from reform
outcomes and the dynamics of public support for gradual economic reforms.2

We believe that learning processes play a key role in determining support for
reforms. So far, however, the literature has remained relatively silent on this
issue. Although there are many informal discussions of learning from reform out-
comes, formal treatments are scarce.3

Even if everyone gains from efficient reforms in the long run, there will almost
inevitably be losers during the transitional phase (for example, certain genera-
tions or professions). The model we construct captures the fact that reforms typi-
cally generate reform winners and reform losers, but (as emphasized in the
seminal paper by Fernandez and Rodrik (1991)) these winners and losers cannot
always be identified in advance. That is, there is individual uncertainty, which
causes the reform to have uncertain distributional consequences. As the reform
progresses over time, voters update their beliefs about whether they will end
up in the winners’ group or in the group of losers. Because the full version of our
model not only features individual uncertainty but also allows for aggregate
uncertainty (which implies that voters are unsure about the exact share of the
population that will benefit from reform), this paper can be seen as augmenting
the Fernandez-Rodrik setup with aggregate uncertainty and learning dynamics.

The fact that existing reform measures affect the distribution from which
future sampling will occur plays a key role in our analysis. Specifically, the
process of revealing reform outcomes is an example of sampling without replace-
ment. This implies that the revelation of reform winners deteriorates the quality

2. With the possible exception of price decontrol, all reforms are gradual (as opposed to “big bang”),

if only because of implementation delays. As noted, for example, by Gupta, Ham, and Svejnar (2008),

even reforms that were supposed to be “big bang” (such as the Balcerowicz reforms in Poland) were not

completed instantaneously, thereby giving voters an opportunity to update their beliefs about the effects

of the reform. In this sense, all reforms are gradual, but some reforms are “more gradual” than others.

3. Some exceptions are van Wijnbergen (1992, where voters learn about the effects of price reform),

Dewatripont and Roland (1995, where the public uses early reform outcomes to learn about the expected

outcome of later ones), Veldkamp (2009, where laid-off workers learn about their re-employment

chances), Strulovici (2010, analyzing determinants of collective experimentation), and Morrow and

Carter (2013, studying the impact of learning dynamics on the support for redistributive policies).

2 T H E W O R L D B A N K E C O N O M I C R E V I E W



of the remaining pool, thereby making unreformed agents less eager to continue the
reform process. We derive a condition under which these dynamics are so strong
that they lead to the counterintuitive situation in which reform successes make the
median voter begin opposing a reform he used to support. In these circumstances,
the reforming government suddenly loses majority support although (or because)
the reform is progressing in such a successful way. Consequently, even reforms that
enjoy both ex ante and ex post majority support may not come to completion.

We emphasize that this phenomenon results from rational economic thinking
and that it arises as soon as a reform is believed to generate losers whose identity
is ex ante unknown - a feature that we see as being in accordance with many eco-
nomic reforms in reality (see also Fernandez and Rodrik 1991). In addition, sam-
pling without replacement continues to play a role when one adds aggregate
uncertainty. In that setup, the revelation of winners may also lead to an upward
revision of the expected aggregate number of reform beneficiaries (enhancing
support for reform). However, we show that it is possible for this strategy to sow
the seeds for its own destruction.

Although this learning mechanism applies to many reform types (such as land
reform, the gradual abolition of subsidies/price controls, or the reduction in trade
barriers), we often link it to privatization. Privatization is a good example of a
reform in which learning dynamics may be important, and the choice between start-
ing with “good” or “bad” companies arises consistently. Because the government is
the incumbent owner of the firms that are to be privatized, it often has inside infor-
mation on the profitability of these firms and on future policies that may benefit or
harm them. This situation brings up the sequencing question for the government
and the issue of learning for other agents (see, e.g., Roland 2000, chapter 2).

On a more general level, this paper develops a theory of agents who are learn-
ing from realizations that are sampled without replacement. As a result, the sam-
pling process itself affects the distribution from which future sampling will take
place. From the so-called “Monty Hall problem”, we know that this situation
can give rise to counterintuitive dynamics that are not easy to understand
without a formal model. Building such a model may therefore make this paper of
independent interest because it may have implications for many other economic
problems (a topical example is the process of revealing the identity of good and
bad banks in a financial crisis).

Our results question the political feasibility of the so-called “sectoral gradual-
ist” way of privatization. This strategy has been advocated, for example, by
Kornai (1990) through his plea for the “case-by-case” approach, and it has been
applied to many countries in Latin America and Central and Eastern Europe as
well as to the UK during its liberalization phase. This strategy implies that one
sector (or firm) is reformed after the other (cf. Berg and Blanchard (1994, 53,
63)). However, as we argue below, following such a gradual, sequential ap-
proach triggers the “sampling without replacement” effect presented previously.
This may explain why practitioners have experienced political difficulties with
the case-by-case strategy. Lipton and Sachs (1990, 298) note that “in almost all

Sweder J.G. van Wijnbergen and Tim Willems 3



countries where privatizations have been attempted, there have been major polit-
ical obstacles to the case-by-case approach”. Boycko, Shleifer, and Vishny
(1993, 148) state that reforms that proceed at a rather slow pace are likely to
reach a deadlock. As we argue later in this paper, “spatial gradualism” (reform-
ing one region after another, as China did by installing Special Economic Zones)
can avoid the “sampling without replacement” problem. Thus, the mechanisms
explored in this paper may help explain why gradual reform strategies have been
more successful in China than in Latin America and Central and Eastern Europe.

The outline of this paper is as follows. We first describe various examples of
reforms for which support dynamics have been counterintuitive. Next, we con-
struct a learning model that provides an explanation for these puzzling dynamics.
We then consider the question of why gradualism worked quite well for China,
although this was not the case for most Latin American and Central and Eastern
European countries. Finally, we conclude.

S U P P O R T DY N A M I C S F O R E C O N O M I C R E F O R M S : A S H O R T H I S T O R Y

In addition to the case of Slovakia discussed in the introduction, there are many
examples of economic reforms that lost support despite their initial success (and
vice versa). Stokes (2001) provides a thorough analysis of support dynamics
related to various reforms. In that volume, several authors examine the public’s
reactions to reforms in Spain, East Germany, Poland, Mexico, Peru, and
Argentina. In her summary of the study, Stokes (2001, 25) notes that “[their]
most startling result is that in every country people sometimes reacted to eco-
nomic deterioration by supporting the government and its economic program
more strongly. Conversely, they sometimes reacted to economic improvement
with pessimism and opposition”. Similar findings are reported by the economet-
ric studies of Remmer (1991) and Tucker (2000), who analyzed data from 12
Latin American and five post-communist countries, respectively, and reported a
negative causal effect of economic performance on support for incumbents.

Stokes (2001) provides various specific examples of these counterintuitive dy-
namics. For example, in all three Latin American countries studied (Mexico,
Peru, and Argentina), economic expansion (measured by either wage or GDP
growth) was followed by pessimism about the future and opposition to the
reform program. Similarly, increased real wages in Poland did not generate
support for the reforms but created agnosticism instead.

With respect to the latter case, Rodrik (1995, 404) expresses surprise as well.
When discussing the return to power of the former Polish communist party in
1993, he writes, “Why this should be so is not so easy to understand. [. . .] By
most standards, Poland must be judged a success case”.4

4. Poland had a high unemployment rate at the time, but as Rodrik (1995, 405) notes, it is not clear

whether that was to blame for the deadlock. The unemployed group is too small to be decisive in national

elections, and it is not straightforward that their interests are best served by policies that slow reforms.

4 T H E W O R L D B A N K E C O N O M I C R E V I E W



Regarding general experiences in Central and Eastern Europe, Fidrmuc (2000,
1491) notes that “the collapse of communism occurred amidst overwhelming
popular support for fundamental economic and political reforms. However, only
a few years later the pendulum swung back and the reformers were voted out”.
For example, Slovenia faced great difficulties in its reform process though it
already had quite a few positive experiences with market forces from the past
(Pleskovic and Sachs 1994). Although the 1968 Hungarian reforms began suc-
cessfully, they encountered difficulties in the mid-1970s when the country under-
went periods of recentralization (Qian and Xu 1993). Similarly, after the second
wave of reforms following the demise of communism, the reformist Hungarian
government lost the 1994 elections, and the former communist party returned to
power (as in Poland and later in Slovakia), a pattern that led Kornai (2000) to
conclude that the gradual reform strategy may not be feasible from a political
point of view.

Latin America offers examples of countries that have had similar experienc-
es. Puzzled by this situation, Tommasi and Velasco (1996) ask, “Why did
Venezuelans riot, twice attempt to overthrow and eventually impeach a presi-
dent (Carlos Andrés Pérez) who in 1990–2 brought them an average growth
rate of 7.8% (the highest in Latin America), while Peruvians massively re-
elected Alberto Fujimori, under whose stewardship consumption dropped
by 15.3% in 1990?” Similarly, Iglesias (1994, 497–8) notes, “In my country
(Uruguay), which is growing by 11.5 percent, where unemployment and infla-
tion are down, and where reserves are up, the popularity rating of the president
is 12 percent. That’s why the administration lost its bid to privatize the tele-
phone company”.5

A similar story holds with respect to India: notwithstanding the successes of
the Indian liberalization policies adopted in the 1990s, India is currently strug-
gling to implement new reforms and has turned into “a place that has fallen out
of love with reform” (as stated in The Economist, 24 March 2012, 14). More
generally, Sachs and Warner (1995) have documented how many countries
slowed down (or even reversed) their liberalization policies in the 1960s and
1970s, though the economic performance under the more liberal regime was
impressive.

These examples suggest that a successful beginning of a reform is by no means
a sufficient condition for the reform to maintain majority support along the way.
This observation is at odds with the conventional wisdom that a favorable start
facilitates continuation.

5. In 1994, Luis Alberto Lacalle (of the Partido Nacional) was president of Uruguay. After taking

office in 1990, he began significant economic reforms (in the sphere of both taxation and liberalization),

but his initiatives later lost support (despite successes; cf. Iglesias’ quote). Subsequently, he lost the 1995

elections and was replaced by Julio Marı́a Sanguinetti of the rival Partido Colorado, who reversed many of

Lacalle’s reforms.
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At the other end of the spectrum are the gradual economic reforms in China.
There, the government established Special Economic Zones in 1980, after which
the economies of those regions began booming. In contrast to the experiences of
Central and Eastern Europe and Latin America, the initial successes of these
Chinese reforms led to increased support for further reforms in China (Litwack
and Qian 1998; Qian, Roland, and Xu 1999, 2006).

In the next section, we develop a model that is able to rationalize the confusing
support dynamics in Latin America and Central and Eastern Europe while simul-
taneously shedding light on the question of why the initial Chinese reform suc-
cesses did not invoke such a paradoxical public response.

S U P P O R T DY N A M I C S F O R E C O N O M I C R E F O R M S : A M O D E L

In this section, we describe our model. Although we frame the model in the
context of economic reforms, it can also be seen as a more general model
of agents who are learning from realizations that are sampled without
replacement.

Our model is dynamic and contains uncertainty at both the aggregate level
and the individual level. The former makes agents in the model uncertain about
the total number of reform winners, whereas the presence of the latter implies
that the reform will have uncertain distributional consequences. Implementing
reform takes time. Consequently, reforms are completed gradually (as in reality;
recall footnote 2), and agents have the opportunity to update beliefs about their
chances of benefiting from the reform as it progresses over time. This belief up-
dating process lies at the heart of our paper. The model presented by Fernandez
and Rodrik (1991) emerges as a special case of our framework without learning
dynamics and without aggregate uncertainty.

To build intuition for the mechanisms at play and to set the stage for our full
model, we first consider a setup in which there is only individual uncertainty but
no uncertainty in the aggregate. That is, in the first subsection, individuals know
what fraction of the population will gain from the reform, but ex ante they do
not yet know who these winners will be.

Subsequently, we add aggregate uncertainty. Then, individuals are also not
sure about what fraction of the population will benefit from reform. The exis-
tence of such uncertainty has often been named as a reason to reform gradually
by starting with the revelation of reform winners (cf. Roland 1994, 1164).
However, as we show, it is still possible that a successful beginning to a reform
will sow the seeds for its own destruction in that setup.

Without Aggregate Uncertainty

To build intuition, we first illustrate our point in a setup without aggregate un-
certainty. Time is discrete, the horizon is infinite, and there is a large number of
risk-neutral voters aligned uniformly between 0 and 1, indexed by i. Each voter i
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can be thought of as representing individuals associated with a particular firm or
sector. We assume that voters are rational and forward looking.6

Voters are faced with a reform proposal Rg, which is to replace the status quo.
This proposal is assumed to leave everyone with a net present value payoff of
0. Reform Rg, in contrast, is known to benefit a fraction g . 1/2 of the popula-
tion with certainty (yielding them a net present value payoff of S . 0). The
losing fraction (1 – g) is assumed to receive a symmetric negative payoff of –S
(where the symmetry simplifies the algebra, without loss of generality).7

This implies that there is no aggregate uncertainty and because g . 1/2, the
reform is efficiency enhancing (according to the Kaldor-Hicks criterion) and
would always be welcomed by a majority ex post.

However, the electorate faces individual uncertainty. In response to this uncertain-
ty, voters form (potentially heterogeneous) beliefs about the effects of the reform on
their personal well-being. We allow for belief heterogeneity in a discrete way: there is
a fraction at that believes (or already knows) ex ante that it will belong to the group
of reform winners, whereas a fraction bt believes/knows that it will be among the
losers (with 0 , at, bt , 1/2). The remaining fraction (1 – at – bt) (which we
assume to share a common prior) does not know at time t whether it will gain
or lose from reform. The members of that fraction will base its decision upon the
expected value of the reform for them. If we sort all individuals (indexed by i) such
that the g ex post winners of the reform are located on the left of the interval and the
(1 – g) losers are on the right, we obtain the configuration shown in Figure 1.8

Voters with i , a know that they are among the reform winners, whereas
voters with i . 1 – b (where the “one minus” follows from the fact that b is mea-
sured from the right) know that they are among the losers. At the beginning of the

6. Whether voters are forward looking or backward looking is somewhat debated. Although the early

papers on this issue report that voters are myopic and backward looking (see, e.g., Kramer 1971), more

recent studies tend to find that rational forward-looking behavior dominates (cf. MacKuen, Erikson, and

Stimson 1992; Fidrmuc 2000). Introducing retrospective voting would produce goodwill for the reforming

government after early reform successes, somewhat similar to what arises when there is aggregate

uncertainty (see Section II). As in that setup, the pace at which the various forces operate will then

determine which effect eventually dominates.

7. With asymmetric payoffs, such as when winners obtain G and losers receive -L with G . L,

reforms with g , 1/2 could also be welfare enhancing in the Kaldor-Hicks sense (and vice versa when L .

G). This generalization would lead to a different set of reforms that can be implemented through majority

voting but do not affect the mechanics of the “sampling without replacement” effect central to this paper

because the “sampling without replacement” effect refers to the availability of winning places relative to

the losing ones, not to the exact magnitude of the associated gain or loss. To see this, note that replacing S

with G (respectively L) in equations (3) and (4) below does not change any of our results.

8. We rule out partial reform (e.g., reform the winners and keep the losers under the state wing) as a

desirable outcome. Clearly, a formal analysis of such an outcome would require the introduction of

interactions between reformed and unreformed parts of the economy and of costs associated with the use

of public funds (keeping loss-making, government-owned firms in operation is costly to society).

Incorporation of this point would detract from the clarity of our core message; thus, we do not introduce

these obfuscating factors here. See Murphy, Shleifer, and Vishny (1992) for a model that addresses the

problems related to partial reforms. In addition, Dewatripont and Roland (1992) show that partial

reforms are typically time inconsistent and therefore unsustainable.
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reform, a and b can be equal to 0, but this does not necessarily have to be the case; it
is perfectly possible that some agents already operate under the new regime before
the reform has started (for example, as a remnant of uncompleted past reform at-
tempts) or that their identity is obvious up front. Agents between a and 1 – b are un-
certain about their identity and do not know whether they will be a reform winner
or a reform loser. Because the identity of more and more individuals is revealed as
the reform progresses over time, a and b become time varying and thus obtain a
time index. In contrast, g is a time-invariant structural parameter characterizing the
reform (with aggregate uncertainty, the public’s estimate of g can become time
varying, though g itself is fixed, which is what we allow for in the next section).

The expected value of the reform for uncertain individuals (i.e., those with i
[ (at,1 2 bt)) equals

Et Rgji [ at; 1� btð Þ
� �

¼ g� atð Þ � St þ 1� g� btð Þ � �Stð Þ: ð1Þ

Individuals in that group follow the decision rule

dt ¼
1 if EtfRgji [ ðat; 1� btÞg . 0

0 if EtfRgji [ ðat; 1� btÞg � 0
;

8<
: ð2Þ

where dt is a support indicator that takes the value 1 if the uncertain group votes
in favor of the reform and zero otherwise. Because at and bt are both smaller
than 1/2, the decisive median voter is located in this uncertain group.9

The expected value of this uncertain group (expressed by (1)) can be negative
for a wide range of parameter combinations, thereby making all (1 – at – bt) un-
certain individuals oppose the reform package ex ante. Because at , 1/2, this
implies that the reform does not enjoy majority support up front, though it
would be welcomed by a majority ex post (because g . 1/2).10

FIGURE 1. Graphical Illustration of the Setup

9. We follow Fernandez and Rodrik (1991) and many others in assuming that a reform is more likely

to be adopted if there is a larger number of individuals in favor of it, but we use the language of majority

voting for concreteness. The model can, however, also be interpreted as describing support dynamics for

reforms in non-democratic countries. Decision rule (2) could then be interpreted in terms of joining an

anti-reform protest or not (in that case, it might be realistic to include a “protest cost”).

10. Here, one should note that the Fernandez-Rodrik model assumes that it is not possible to

compensate the losers ex post. As noted by Messner and Polborn (2004, 118), this assumption is

“standard (and often even implicit) in the literature”. Given the well-known difficulties that governments

face in committing to future policies, this assumption may not be unrealistic.
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As in Fernandez and Rodrik (1991), the presence of individual uncertainty
can thus prevent efficiency-enhancing reforms from being implemented. In par-
ticular, there are currently ex post winners blocking the reform ex ante because
they do not know that they will be among the ex post winners.

Because individual uncertainty lies at the core of the problem, one may think
that reducing individual uncertainty by revealing winners (i.e., increasing at to
at þ 1 ¼ at þ Datþ1, bringing it closer to g) would make a yes vote more likely.
This turns out not to be true, opening an interesting perspective on voter dynam-
ics. To see this, consider how the expected value for uncertain individuals
changes with a:

@EtfRgji [ ðat; 1� btÞg
@at

¼ �S , 0: ð3Þ

Therefore, a decrease in individual uncertainty brought about by the revelation
of additional winners makes individuals who remain uncertain more negative
about their chances of gaining from the reform. The reason is that in the absence
of aggregate uncertainty (which is added in the next section), increasing at to
atþ1 implies that there are Datþ1 fewer gaining places left for those who remain
uncertain (because the revelation of reform outcomes is an example of sampling
without replacement). This makes these uncertain individuals more pessimistic
about their chances of ending up as reform winners (because the revelation of
winners deteriorates the quality of the remaining pool). When the median voter
is located within this uncertain group, he also becomes more pessimistic.

Revealing losers, in contrast, increases the expected value of the reform for
those who remain uncertain:

@EtfRgji [ ðat; 1� btÞg
@bt

¼ S . 0: ð4Þ

At this stage, one should note that there is a wide range of values for a and b

where changes in uncertainty will not change the outcome of the vote. If the vote
is initially “no”, then increases in a will only make EtfRgji [ ðat; 1� btÞg more
negative, and the median voter will continue to oppose the package.

There is an intriguing possibility if the median voter initially supports the
reform package. To see this, hold bt constant at �b for a moment11 and let us in-
vestigate what happens if the government tries to complete the reform gradually
by increasing at (i.e., revealing winners). If the increase in a is small enough, d
will remain 1, and the median voter continues to vote “yes”, pushing the overall
vote in favor. However, because of the effect captured by (3), one can define a

11. The same argument applies, mutatis mutandis, to changes in bt if the median voter initially

opposes reform. However, in that case, the reform cannot be started along democratic lines.
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critical value for a (call it a*) such that if a rises above a*, the median voter
swings around, causing a rejection of the package.12

The critical value a* is thus the point at which the median voter begins to
oppose a reform that he used to support. Crossing it from below implies that the
reform process stalls. Mathematically, a* is defined by EtfRgji [ ða�; 1� �bÞg;
thus, from (1), we can derive

a� ¼ 2gþ �b� 1: ð5Þ

More formally, we can now see that if the median voter initially favors the reform
(i.e., dt ¼ 1), the total supporting fraction (given by Ct¼ at þ ð1� at � �bÞdt) will
remain constant at 1� �b if a increases to an atþ1 , a*.

In this case, the revelation of Datþ1 additional winners does not make a cross
the critical value a*. When a is increased, there are more individuals supporting
the reform (because they have now learned that they are reform winners), but the
uncertain block (which also supports the reform in this case) shrinks one-for-one
with the increase in a. On balance, total support for reform remains unaffected.

However, as more winners are revealed, a will eventually exceed a*. If this
happens when a* , 1/2 (a condition to which we return to in the next subsection),
the median voter switches sides and begins opposing the reform package that he used
to support. A sudden loss of majority support for the reforming government results.

This opens the possibility of a reform that starts well (individuals involved
with reformed firms/sectors turn out to be better off), but as individual uncer-
tainty continues to decrease, the “sampling without replacement” effect captured
by (3) eventually causes the median voter to swing against the package. Thus, the
model produces support dynamics that are very much like the practical experi-
ences of many reformist governments (as noted above).

Hence, once one accounts for individual uncertainty and the “sampling
without replacement” effect, the conventional sequencing wisdom that one should
begin by reforming firms or sectors that are most likely to benefit from reform (to
boost public support) is challenged.

This conventional wisdom, to which we adhered before analyzing a formal
model, is expressed, for example, in Roland (1994, 1164), who writes that “if
the best firms get privatized first [. . .] the likelihood of a successful economic
performance will be higher. Initial economic successes for privatized firms will
enhance support for privatization and build constituencies for further reforms”.
Similarly, The Economist of March 24, 2012, writes about the opposition the
Cuban reform process is currently experiencing and states that to increase public
support for the reform process, “Raúl Castro urgently needs to create some
winners” (p. 20). However, this line of reasoning only seems to consider aggre-
gate uncertainty and overlooks individual uncertainty and the accompanying

12. The last part of this statement, of course, assumes that a* , 1/2, a condition to which we will

return to in the next section.
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“sampling without replacement” effect. By allowing for these elements, the
present paper points out that Raúl Castro may very well decrease support for his
reforms even further by revealing winners.

With Aggregate Uncertainty

To capture the reasoning underlying the aforementioned conventional wisdom,
which relies upon the existence of aggregate uncertainty, we next investigate
what happens when we add such uncertainty to the model. In that case, voters
also do not know the true value of g (the fraction of individuals who will benefit
from the reform ex post) with certainty. Instead, the public has beliefs about g.
Let us use gt to indicate the beginning of period t estimate of g. Any valuable in-
formation that becomes available during period t will lead to an updated esti-
mate, gtþ1 (where updating occurs via the application of Bayes’ rule).

Voters hold a prior belief about g that is given by a Beta(a,b) distribution.
This distribution is a natural choice because it is the conjugate prior of the bino-
mial distribution underlying the present model. Assuming a symmetric loss func-
tion (for example, the traditional quadratic loss function underlying OLS, which
also has the convenient property that the point estimate for gamma summarizes
all relevant information and therefore becomes the sole object of interest) then
implies that for a ¼ at and b ¼ bt, the time t estimate of g equals

ĝt ¼
at

at þ bt

: ð6Þ

Expression (6) is intuitive: (at þ bt) represents the total sample of outcomes we
have gathered so far, whereas at is the fraction of winners in this sample relative
to the unit interval. The ratio of these two is the time t estimate of g.

After revealing Datþ1 additional winners and Dbtþ1 additional losers during
period t, Bayes’ rule implies that the posterior estimate of g, which is the prior at the
beginning of period tþ1, equals (see, e.g., Kvam and Vidakovic (2007, chapter 4))

ĝt ¼
at þ Datþ1

at þ Datþ1 þ bt þ Dbtþ1

: ð7Þ

From equations (6) and (7), one can confirm the intuitive notion that the application
of Bayes’ rule leads to an upward revision of the expected fraction of reform benefi-
ciaries (g) when Datþ1 additional winners are revealed (and vice versa after the reve-
lation of losers). Because this implies that beliefs about g can change over time, the
critical value for a (a*) also becomes time varying. In particular, after plugging (6)
into (5), we obtain

a�t ¼ 2ĝt þ bt � 1: ð8Þ

Now, the key question is whether we can obtain at� 1/2 before at� a�t . If this is the
case, the government is able to reveal that the median voter is a reform winner (which
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happens when at crosses 1/2) before this pivotal voter begins opposing the reform
package (which happens if and only if at exceeds a�t while at , 1/2). Subsequently,
the government can complete the reform with no risk of losing majority support.

Because empirical studies such as those of Carlin and Mayer (1992),
Frydman, Rapaczynski, and Earle (1993), Marcincin and Van Wijnbergen
(1997), and Gupta, Ham, and Svejnar (2008) all present evidence that reforms
start by revealing ex post winners, it is interesting to see what our model predicts
would happen if the reform follows such a selective path.13 To investigate this,
we make the following assumption on the sequencing within the reform:

Assumption 1. Sequencing is such that the reform starts by revealing ex post
winners.

The reason for the presence of this selection bias can be twofold. First, it can
result from a situation of asymmetric information in which the government knows
ex ante who will benefit and who will lose from reform (but, as in Perotti (1995),
the government is unable to transmit this information credibly to the public).14

Especially in our privatization example, this assumption seems realistic
because the government (as the incumbent owner of the firms that are to be pri-
vatized) has inside information on firm profitability and future policies that may
benefit or harm each firm. If this government then follows the conventional
wisdom and begins by reforming the ex post winners (which is often recommend-
ed to reformers in practice; cf. Roland 2000, 49), Assumption 1 materializes.

Second, in light of our application to privatization, Assumption 1 can also
result from the fact that better firms tend to find buyers more rapidly (Roland,
2000, 248). This point has also been recognized by policy makers. According
to Egyptian government officials in the New York Times of June 27, 2010,
Egypt suspended its privatization program in 2009 because “most of the likely
candidates had already been either privatized or dissolved, leaving hard-to-sell
industries that were technologically outdated and overstaffed with ill-trained
workers”.

In the Appendix, we explore the alternative case in which the government is
not able to identify winners and losers in advance. That case is probably more
relevant to trade reform because this type of reform does not come with a natural
selection process, and it is not clear that the government knows the identity
of the winners and losers up front in that setting. Then, reform outcomes
are sampled randomly from the true underlying distribution. Crucially, the
Appendix shows that the “sampling without replacement” effect continues to be

13. Roland (2008, 4) nicely summarizes this literature by noting, “The few studies on the

determinants of privatizations suggest that the more profitable firms were privatized first, which is

consistent with political economic theories of privatization where the sequencing of privatization is used

to gather support for further privatization”.

14. In this sense, the government in our model is a bit like Monty Hall in the “Monty Hall problem”:

he knows ex ante behind which doors the gains and losses are located. Note that the counterintuitive

solution to the Monty Hall problem follows from the fact that sampling takes place without replacement.
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present under random sampling. This leads to two regions in the (a,b) space
where the dynamics are anomalous (i.e., favorable reform outcomes decreasing
support for reform and vice versa). More generally, the importance of the “sam-
pling without replacement” effect is increasing in the tightness of the prior belief
on g: the tighter the prior on g is, the less responsive voters’ beliefs on g are to
news and the more dominant the “sampling without replacement” effect
becomes (because the latter works independently of the tightness of g’s prior). In
the limit, because the prior on g converges on a point, the model collapses to the
one discussed in the previous subsection (without aggregate uncertainty).

Turning to the setting in which Assumption 1 holds, it is instructive to first think
through what would happen if voters do not account for the selection bias and hold
a diffuse prior belief on g at the start of the reform (call this “time 0”). In particular,
let us assume that both a0 and b0 (the fractions of winners and losers whose identi-
ties are clear ex ante) are close to zero (which minimizes the tightness of the prior).
Then, Bayes’ rule implies that voters’ beliefs about g are revised upward when
winners are revealed (@ĝt=@at ¼ bt=ðat þ btÞ2 . 0). In particular, voters’ beliefs
about g will quickly converge to 1 because voters only observe favorable reform
outcomes and erroneously think that this is the result of random sampling from
the underlying true distribution of winners and losers. This implies that a�t ! 1
(cf. equation (8)), which allows the reforming government to reveal that the median
voter is a reform winner before at � a�t (provided that g . 1/2, of course).
Subsequently, the reform can be completed with no risk of losing majority support.

Therefore, when voters have a diffuse prior belief on g at the start of the
reform and when they do not take the selection bias into account, the govern-
ment is able to complete efficient reforms gradually by revealing winners while
running no risk of losing majority support.

This case, however, imposes an unrealistically high degree of naivety on
voters; they think that the reform is sequenced in a truly random way and do not
take into account that the government (or nature; recall our discussion following
Assumption 1) starts by revealing reform winners.

Consider, therefore, the more realistic case in which the public does consider
the selection bias. Then, the revelation of additional outcomes provides no valu-
able information; the public realizes that these draws do not come from the
true underlying distribution, as a result of which, Bayes’ rule no longer leads to a
revision of the prior belief.15

15. The only thing that is revealed if at is increased to atþ1, is that g � atþ1 (which was already known

given that atþ1 , 1/2, whereas voters know that the reform is efficient, i.e., g . 1/2). However, under

Assumption 1, this is by no means informative about how many winners are located beyond 1/2. More

formally, Bayes’ rule states that PðAjBÞ ¼ PðAÞPðBjAÞ=PðBÞ, where “A” is a particular hypothesis of interest

(e.g., g . 0.6) and “B” represents the new incoming data (Datþ1 or, equivalently,Dbtþ1). When sampling is

such that the winners are revealed first, Dbtþ1 will always be equal to 0 as long as we move to anatþ1 , g,

both conditional on hypothesis A as well as unconditionally (remember that the latter case still conditions on

voters knowing that g . 1/2). Consequently, PðDbtþ1 ¼ 0jAÞ ¼ PðDbtþ1 ¼ 0Þ ¼ 1 and Bayes’ rule implies

that the posterior belief equals the prior belief (i.e., PðAjBÞ ¼ PðAÞ). In this case, beliefs are no longer revised.
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Consequently, agents cannot update their estimate of g, and ĝt remains cons-
tant at g0 8t (where g0 is the exogenously given belief on g at the start of the
reform). This leads to the following results.

Proposition 1. If the public believes that the reform starts by revealing the ex
post winners and if it believes that the reform is “sufficiently efficient” (in the
sense that ĝ0 � 3=4� 1=2b0), the reform can still be completed gradually by re-
vealing only winners from time 0 onwards.

Proof. From equation (8), it follows that ĝ0 � 3=4� 1=2b0 , ba�0 � 1=2.
Revealing only winners (keeping bt constant at b0) implies that ba�t remains cons-
tant at ba�0 � 1=2 over time. This implies that the threshold ba�t � 1=2 8t, as a
result of which the reforming government can reveal that the median voter is a
reform winner before this voter begins opposing the reform (i.e., the government
can push ât � 1=2 before at . â�t ).

Proposition 2. If the public believes that the reform starts by revealing the ex
post winners but if ĝ0 , 3=4� 1=2b0 ), even reforms that are believed to be effi-
cient (i.e., reforms for which ĝ0 . 1=2) can never be completed gradually by re-
vealing only winners from time 0 onwards.

Proof. From (8), it now follows that ĝ0 , 3=4� 1=2b0 , ba�0 , 1=2. This
implies that the reform is not believed to be “sufficiently efficient” (as defined in
Proposition 1). Revealing only winners (i.e., keeping bt constant at b0) then de-
creases the expected value of the median voter via (3). Because the constancy of
bt again implies constancy of ba�t (at ba�0 , 1=2), at . ba�0 before at . 1=2, and
majority support is lost before the reform is completed.

Hence, those reforms on which initial prior beliefs are not sufficiently
optimistic (such that ĝ0 , 3=4� 1=2b0) can no longer be completed gradually
by revealing only winners. This result arises even if the reform enjoys majority
support at its beginning and even if the reform is believed to be efficient
(in the sense that it is believed to generate more winners than losers,
i.e., ĝ0 . 1=2).

The intuition for what is going on is exactly as in the previous subsection:
every additional winner revealed reduces the perceived probability of ending up
as a winner for those who remain uncertain. As a result, the median voter will, at
some point, begin opposing the reform that he used to support.

Similar dynamics arise when we drop Assumption 1 and instead assume that
reform outcomes are sampled randomly from the underlying distribution (see the
Appendix for a discussion of this case). Then, the revelation of winners also
implies that voters become more enthusiastic about the reform as they revise
their estimate of the aggregate fraction of winners (ĝ) in the upward direction.
However, when the prior belief on the aggregate state is sufficiently tight, the
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updating process in the aggregate dimension will proceed at a rather slow pace,
and the “sampling without replacement” effect will dominate.16

Returning to the setup in which Assumption 1 does hold, revealing losers im-
mediately ends majority support.

Proposition 3. If the public believes that the reform starts by revealing the ex
post winners, any reform will lose majority support as soon as a loser is revealed
before at . 1=2.

The proof is intuitive and simply follows from the fact that the public expects
the government to start by revealing reform winners. If a loser appears, the
public thinks that all winners have already been revealed and that those individu-
als who are still uncertain about their identity will all be losers. If this happens
while at , 1=2, majority support is immediately lost.

Summarizing

Fernandez and Rodrik (1991) pointed out that welfare-enhancing reforms that
would enjoy majority support ex post may not enjoy majority support ex ante
because the reform winners cannot always be identified up front.

In a way, the message of this paper is more discouraging: even welfare-
enhancing reforms that enjoy both ex ante and ex post majority support may still
not come to completion because of the learning dynamics that are triggered
through the initiation of the reform process. Revealing winners launches the
“sampling without replacement” effect (as a result of which majority support
will be lost at some point if initial beliefs about the aggregate dimension of the
reform are not sufficiently optimistic), whereas revealing losers immediately ends
support. The reforming government thus finds itself seemingly trapped and des-
tined to lose majority support irrespective of what action it takes.

H O W C A N T H E LO S S - O F - S U P P O R T P R O B L E M S B E AV O I D E D ?

Is there anything reformers can do to overcome these loss-of-support problems?
The Chinese reform experience in particular suggests that a route exists toward
successful gradual reform. After all, China also followed a more gradual path,
and with quite some success. In sharp contrast to the experiences of many Latin
American and Central and Eastern European countries, the initial Chinese
reform successes seem to have only increased support for further reforms.

16. To see how the speed of updating is inversely related to the tightness of the prior, consider two priors

with an identical mean estimate, bgt ¼ at=ðat þ btÞ ¼ a0t=ða0t þ b0tÞ, where a0t . at and b0t . bt.

Consequently, by the standard formula for the variance of the Beta-distribution, Vargðat;btÞ . Vargða0t;b0tÞ,
so the prior driven by ða0t;b0tÞ is tighter than that driven by (at, bt). Now consider a given Datþ1 (of equal size

in both cases). Because ða0t þ b0tÞ . ðat þ btÞ, equation (7) implies that this will lead to a smaller upward

revision for the tighter prior driven by ða0t;b0tÞ. This holds for other distributions as well. Intuitively, an agent

with a tighter prior is more certain that the true g ¼ bgt, as a result of which he revises his beliefs by less after

receiving new information. Consequently, learning will occur at a slower pace for such an agent.
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Obviously, the voting mechanism is absent in China (also recall footnote 9), but
reforms there could still generate dissatisfaction and opposition, which does not
seem to be the norm in China (cf. Litwack and Qian 1998; Qian, Roland and
Xu, 1999, 2006). This raises the question of why the experiences with gradual-
ism have been so different across countries.

In this respect, it is crucial to note that the Chinese gradual reform strategy
differs from the Latin American and Central and Eastern European approaches.
Whereas most countries in the latter regions tried to reform gradually along
the sectoral dimension (which implies that one firm or sector is reformed after the
other; cf. our discussion of the “case-by-case” approach to privatization in the in-
troduction), China reformed gradually along the spatial dimension. In particular,
China first introduced market forces in 1978 in the inland province of Sichuan
(which was the first province to abolish collective agriculture and begin state-
owned enterprise reform) and in the coastal province of Guangdong in 1980.

By reforming gradually along the spatial dimension, Chinese policy makers
enabled the Chinese public to learn about the effects of new policies by looking at
outcomes in reformed regions. Of course, the citizenry will only find the informa-
tion generated via the spatial dimension useful if those regions are believed to be in-
formative to the rest of the country. Here, China had an advantage over many other
countries. As noted by Qian, Roland, and Xu (2006, 394), the Chinese economy is
organized along territorial lines. This implies that its regions (such as Sichuan) are
rather self-contained and relatively representative of the Chinese economy as a
whole. As Démurger et al. (2002) argue, this is the result of a conscious decision
made by Mao Zedong. In addition to the two key principles of Soviet development
(common ownership and central planning), Mao added a third principle: regional
economic self-sufficiency. This principle required each region to be self-sufficient,
not only in food production but also in industrial goods. The Soviet Union did not
adhere to this principle at all; their ideology called for an organization of the
country along industrial lines with high degrees of industrial concentration (Qian
and Xu 1993). Consequently, each Soviet region was much more specialized, de-
pendent on other regions, and less representative of the Union as a whole.

Because of this, China had (in contrast to, for example, Russia) the possibility
to start reforms by taking informative samples of small mass (in the form of
certain regions) and using them to show the public where the gains and losses of
the proposed reform were likely to occur. In particular, the coastal Special
Economic Zones were instructive to inhabitants of other coastal regions (with
approximately one-third of the total Chinese population living near the coast),
whereas Sichuan fulfilled a similar role for inland areas. This strategy reduces in-
dividual uncertainty about the distribution of gains and losses (the root of all
problems), but - crucially - insulates the main part of the country from the “sam-
pling without replacement” effect.17

17. Obviously, this effect will be present within the reform region itself, but if that is only a region of

relatively small mass, then the reform runs no risk of losing country-wide majority support.
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For the main part of the country, this sampling strategy does not affect the dis-
tribution from which future sampling will take place because it is a form of sam-
pling from a different, smaller urn (where the distribution of balls in this smaller
urn is taken randomly from the large urn, the latter representing the main part of
the country, which remains untouched in this sampling strategy).

An alternative way to think about this is by conceiving a model that has two
dimensions:18 a sectoral one (as in our model presented above) and a spatial one.
For a country that is perfectly diversified, these two dimensions are orthogonal
to each other, as a result of which reforming gradually along the spatial dimen-
sion does not trigger the “sampling without replacement” effect (which exists
along the sectoral dimension19). When there is some correlation between the two
dimensions (as is the case when certain sectors are concentrated in particular
areas), orthogonality no longer holds, and sampling without replacement begins
to play a role again. In the extreme situation where there is a perfect correlation
between “sectors” and “space”, the two dimensions merge and we are back in
our original one-dimensional setup where any gradual reform strategy launches
the counterintuitive support dynamics.

For this reason, a spatial reform strategy would not have been a viable option
for Russia: over there, reform outcomes in one region were not only less relevant
to those in other regions (due to the higher degree of spatial heterogeneity) but
the higher degree of industrial concentration would have also given a “sectoral
flavor” to any spatial reform strategy. After all, if certain sectors are concentrated
in certain areas, reforming one area is equivalent to reforming one sector. Then,
“sampling without replacement” would re-enter the story.20

For the spatial strategy to work, it is crucial that agents who know that they
will be among the winners (i.e., those with i , at) cannot self-select into the re-
formed regions because doing so would imply that the zone becomes less instruc-
tive to the relevant other parts of the country. To continue the urn analogy, the
smaller urn needs to be isolated from the larger one. Interestingly, this is precisely
what the Chinese “hukou” system (which restricts the mobility of citizens within

18. Thanks to our referees for putting us on track for this interpretation. Formally developing such a

two-dimensional model goes beyond the scope of this paper but could be an interesting avenue for future

research.

19. The “sampling without replacement” effect exists due to heterogeneity (the existence of winners

and losers), but in a country that is perfectly diversified, all regions are alike in terms of economic structure

(each district is a miniature version of the country as a whole), so there is no heterogeneity along the

spatial dimension.

20. As Dani Rodrik pointed out to us, the spatial strategy could be applied to reforms that entail only

one particular sector (“sector X”). The “sampling without replacement” effect would then operate within

sector X (because cross-sectoral heterogeneity no longer plays a role). In the case of one-sector reforms,

governments could get around this effect by first transforming a region of small mass that contains a

representative sample of sector X firms into a Special Economic Zone. Subsequently, the sector X firms

inside the Zone could be used to reduce individual uncertainty by giving other firms in the sector outside

the Zone an idea of what the reform would do to them. The Special Economic Zones in Malaysia and

Mauritius seem to have fulfilled such a role successfully for the electronics and apparel sectors,

respectively (Auty 2011).
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China) achieves. Therefore, although one could debate the fairness of this system
( just like one could debate the fairness of mobility restrictions between different
countries), it does seem to play an economic role in the Chinese reform process.

Finally, this view of Special Economic Zones shines a new light on their raison
d’être. In a static setup, Hamilton and Svensson (1982) show that Special
Economic Zones are actually welfare decreasing in a second-best world where
the suboptimal regime continues to apply outside the zone. This raises the ques-
tion of why governments bother installing them in the first place. In this respect,
the present paper argues that Special Economic Zones could produce large
dynamic gains because they can facilitate the implementation of reforms that
bring the entire country closer to the first-best.

Our results thus indicate that countries can ease their reform process if they
have the possibility to begin the reform by first implementing it in a region of
small mass that is instructive to the rest of the country (because such an action
decreases individual uncertainty). In this sense, there is an important difference
between sectoral and spatial gradualism. This difference may be key as to why
the gradual reform strategy has worked for China but has worked much less for
many other countries.

C O N C L U S I O N

In this paper, we have modeled the learning process surrounding economic
reforms when there is both aggregate and individual uncertainty. The process of
revealing reform outcomes entails sampling without replacement. We have
shown that this implies that the revelation of winners early in the reform process
makes those who remain uncertain about whether they will gain or lose from
reform more pessimistic about their chances of ending up as reform winners.
This channel can be so strong that it can even induce the median voter to start
opposing a reform that he used to support - in which case the reforming govern-
ment loses majority support. As a result, even reforms that enjoy both ex ante
and ex post majority support may still not come to completion. The conditions
under which such a destructive interaction between rational learning and politi-
cal support will occur are relatively mild. As soon as one combines the presence
of individual uncertainty with rational belief updating, the “sampling without re-
placement” effect kicks in.

This situation challenges the conventional wisdom that sequencing should be
such that favorable reform outcomes are revealed first. Instead, our model illus-
trates that a reform strategy based on revealing winners first may backfire. The
reason is that such an approach leads to a deterioration in the quality of the re-
maining pool, triggering reform fatigue in spite of the successes of those firms
that have already been reformed. Strikingly, this is consistent with the puzzling
experiences that many reformers have had in practice. There are numerous exam-
ples of reforms that began while enjoying majority support but subsequently lost
this support even though they were progressing in a successful way.
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We have also outlined a strategy that is able to overcome the problems related
to the learning process. In particular, if a country happens to contain individual
regions that are instructive to the rest of the country, the “sampling without re-
placement” effect can be avoided by reforming gradually along the spatial
(rather than along the sectoral) dimension. This could explain the success of the
“Special Economic Zone” approach to reforms taken by China.

On a more general level, this paper has developed a theory of agents who are
learning from realizations that are sampled without replacement, which may
have other applications as well. In many environments, the distribution from
which future sampling will take place is not static and time invariant; it changes
over time, often as a result of past sampling actions (the process of authorities re-
vealing the identity of good and bad banks in a financial crisis is a clear
example). From the so-called “Monty Hall problem”, we know that this can give
rise to counterintuitive dynamics that are not easy to understand without formal-
ism (whereas a formal model clarifies things significantly). Applying the concepts
developed in this paper to problems that entail sampling without replacement
might therefore be a fruitful avenue for further research.21

A P P E N D I X

Although there are certain reform types (such as privatization) for which the gov-
ernment is likely to have an ex ante idea about where the gains and losses of the
reform will be located, there are also cases in which the reforming government
does not have such information. This Appendix therefore explores the properties
of our model when we drop the assumption that the reform is sequenced in a
non-random, selective way.

Suppose that the government cannot identify the reform winners and losers up
front. In addition, we assume that there is no natural selection process that could
lead to a non-random sequencing of events. Consequently, reform outcomes are
sampled randomly from the true distribution. Moreover, we assume that the
public believes that these outcomes are sampled randomly, as a result of which
they perceive new observations to be informative and apply Bayes’ rule to update
their estimate of g (the aggregate fraction of winners) in response to new infor-
mation.

Because we feel that this case may deserve a closer study in its own right, we
leave a full analysis for future work, but we present some main results in this

21. In this respect, it was pointed out to us that the mechanisms underlying this paper also relate to

those in Konrad (2004, although he does not establish the link to sampling without replacement, nor does

he allow for aggregate uncertainty). However, that paper addresses strategic rather than dynamic issues

and shows that a party that is campaigning to implement a particular reform may obtain an incentive to

point out ex ante who will be a reform loser (a phenomenon that Konrad refers to as “inverse

campaigning”).
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Appendix. In particular, we show that the “sampling without replacement”
effect discussed in the main text continues to in this alternative setting.

The core of the model is unaffected, and the critical value for a (a*) is still
given by

a�t ¼ 2
at

at þ bt

þ bt � 1: ðA:9Þ

Using expression (A.1), one can analyze how the distance between at (the frac-
tion of sure-winners) and a�t (the cut-off level for at above which the median
voter starts opposing the reform) varies with the revelation of additional winners
and losers. In particular, it holds that

@ða�t � atÞ
@at

¼ 2bt

ðat þ btÞ2
� 1: ðA:10Þ

Here, the first term shows that the revelation of winners pushes up a�t (because
it leads to an upward revision of the expected fraction of reform winners
ĝt through application of Bayes’ rule), whereas the second term (“�1”) indicates
that the revelation of winners simultaneously makes those who remain uncertain
more pessimistic about their individual chances of ending up winners. In particu-
lar, this term reflects the fact that revealing a reform outcome is an example of
sampling without replacement. From (A.2), one can derive that as long as

at .
ffiffiffiffiffiffiffiffi
2bt

p
� bt; ðA:11Þ

the “sampling without replacement” effect dominates. Under condition (A.3),
the public’s estimate of g increases less than one-for-one with at (mathematically,
@ða�t � atÞ=@at , 0, @ĝt=@at , 1), and the median voter becomes more pessi-
mistic as favorable reform outcomes are increasingly revealed. Hence, under this
condition, the revelation of additional winners produces an increase in ĝt that is
insufficient to compensate for the fact that sampling occurs without replacement.

Similarly,

@ða�t � atÞ
@bt

¼ �2at

ðat þ btÞ2
þ 1 ðA:12Þ

captures the same two effects for the revelation of losers. In this case, the median
voter becomes more optimistic when additional losers are revealed (i.e.,
@ða�t � atÞ=@bt . 0) as long as

bt .
ffiffiffiffiffiffiffiffi
2at

p
� at: ðA:13Þ
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Conditions (A.3) and (A.5) yield two regions of (a,b) combinations, displayed as
the shaded areas in Figure 2, where one can characterize the learning dynamics
as “anomalous”. That is, in region A3, good reform outcomes decrease support
for the reform, whereas the revelation of bad reform outcomes increases support
for reform in region A5.

Now, one can ask whether the government is able to complete the reform
without a loss of majority support along the way. Because the sequencing of the
reform is random in this case (because the government (or nature) is no longer
able to select the winners up front), it is no longer possible to analyze this ques-
tion analytically. Instead, one would have to simulate the reform process, and the
answer to the question would depend upon the amount of time a typical simula-
tion spends in the shaded areas of the state space. Because we feel that this issue
deserves a full discussion in its own right, we leave this for future work.

The main point to take away from this Appendix is that the “sampling
without replacement” effect continues to be present when reform outcomes are
revealed in a truly random fashion. This leads to two regions in the (a,b) space
where the support dynamics can be characterized as “anomalous”.
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A Helping Hand or the Long Arm of the Law?
Experimental Evidence on What Governments

Can Do to Formalize Firms

Gustavo Henrique de Andrade, Miriam Bruhn, and David McKenzie*

We conducted a field experiment in Belo Horizonte, Brazil to test which government
actions work to encourage informal firms to register. We find zero or negative impacts
of information and free cost treatments and a significant but small increase in formaliza-
tion from inspections. The local average treatment effect estimates of the inspection
impact are larger, providing a 21 to 27 percentage point increase in the likelihood of for-
malizing. The results show that most informal firms will not formalize unless forced to
do so, suggesting that formality offers little private benefit to these firms. JEL codes:
O17, O12, C93, D21, L26

Spurred by the work of Hernando de Soto (1989) and the World Bank/IFC’s
Doing Business project, governments around the world have spent much of the
past decade extending a helping hand to informal businesses by trying to make it
cheaper and less burdensome to formalize. Since 2004, 75 percent of countries
have adopted at least one reform to make it easier to register a business (IFC
2009). However, despite these efforts, the majority of firms in most developing
countries remain informal. Studies that have examined the impact of these regu-
latory reforms find that much of the action comes from increases in the entry of
new firms rather than from the formalization of existing firms (e.g., Klapper
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et al. 2006; Bruhn 2011).1 Policymakers worry that a large stock of informal
firms will result in a loss in tax revenue, unfair competition for formal firms, and
a culture of informality (Perry et al. 2007; Levy 2008).

Although policymakers and researchers have devoted attention to reducing
the costs of formalizing, much less attention has been given to the issue of in-
creasing the costs of remaining informal. The most obvious way to raise these
costs is to use the long arm of the law to increase the enforcement of existing reg-
ulations. Yet, to our knowledge, there is very little empirical evidence on
whether enforcement attempts can induce firms to register or whether, instead,
they cause informal firms to close down and prevent other firms starting up.
There is a large body of related literature in developed countries showing that in-
creases in the probability of detection and enforcement lead to an increase in tax
compliance and that other factors, such as a household’s sense of moral or social
obligation, are also important (e.g., Alm et al. 1992; Andreoni et al. 1998).
More recent non-experimental studies in developing countries have found evi-
dence that the degree of enforcement matters for labor informality (Ronconi
2007; Almeida and Carneiro 2012), but we are aware of no reliable evidence on
the impacts of enforcement on firm informality.

We conducted a field experiment with the state government of Minas Gerais
in the city of Belo Horizonte in Brazil to test which government actions work to
encourage informal firms to register. Brazil began a process of simplifying firm
registration in 1996 with the introduction of the SIMPLES tax system, which
consolidated multiple taxes and contributions into a single payment and reduced
the tax burden on small firms. Within Minas Gerais, the Minas Fácil service was
started in 2005 with the purpose of additionally reducing the number of proce-
dures and time needed to start a business. Minas Fácil is a one-stop-shop system
where firms obtain municipal, state, and federal tax registrations simultaneously
instead of having to request these from separate offices. However, despite these
efforts, survey data from 2009 revealed that 72 percent of firms were still infor-
mal. As a result, the state government wanted to test several competing mecha-
nisms for reducing formality.

A listing survey was used to identify potentially informal firms, which were
then randomized into four treatment groups and a control group. Survey data re-
vealing a lack of knowledge about how to formalize motivated the first treat-
ment, which provided information about how to register by means of a glossy
brochure and a dedicated helpline. A second treatment coupled this information
with an exemption in the registration fees and free use of mandatory accounting
services for a year to test whether reducing registration costs would induce

1. An exception is Mullainathan and Schnabl (2010), who find that formalization of existing informal

businesses accounts for approximately 75 percent of the increase in the number of newly licensed firms in

Lima, Peru, after a simplification of municipal licensing. Even then, however, the numbers involved

suggest that the vast majority of informal firms chose not to formalize.
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formalization. The third treatment randomly assigned municipal inspectors to
firms to see whether increased enforcement would encourage firms to formalize.
The final treatment consisted of having a neighboring firm visited by an inspector
to test whether there was a spillover impact of inspection on the formalization
behavior of other firms.

We find that efforts to help firms formalize by giving them information and by
reducing the initial cost to zero along with offering a free accountant resulted in
an increase in knowledge about the role of accountants in the formalization
process but did not lead firms to formalize. In fact, this approach resulted in a
small reduction in firms registering through a separate formal category – that of
individual entrepreneur – which the information campaign did not target and
for which the eligibility criteria were relaxed during the course of our study.
Moreover, firms that were assigned to either of these two treatments expressed
less trust in the government in our follow-up survey.

In contrast, assigning firms to receive a visit from a municipal inspector did
result in an increase in municipal registration, although the impact was much less
than anticipated by the government, with only an additional 3 percent of those
assigned to treatment formalizing. This low rate is due to the inspectors finding
some firms closed, not finding others, and from some firms in our sample already
being formal to start with. An instrumental variables estimate suggests that the
impact of actually receiving an additional inspector visit is much higher – resulting
in a 21 to 27 percentage point increase in registration. We find no evidence of
spillovers on neighboring firms, perhaps due to the relatively low increase in in-
spections and to many firms saying they do not communicate very much with
neighboring businesses.

The papers that are most closely related to ours are two recent randomized
experiments that test the role of “carrots” in inducing informal firms to register.
De Mel et al. (2012) found no significant impact of information alone in
getting firms to register with the tax authority in urban Sri Lanka, but they
found that many firms are willing to register when offered money to do so,
although formalizing does not seem to benefit the performance of most of these
firms. Alcázar et al. (2010) and Jaramillo (2009) offered firms in Lima, Peru,
information and reimbursement of direct costs to encourage municipal registra-
tion (which was separate from federal tax registration). They found that ap-
proximately one-quarter of those treated registered. This larger impact is
consistent with municipal registration imposing fewer costs on firms than tax
registration and, potentially, with municipal enforcement being higher.2 Our
paper builds on these studies by offering information and free-cost “carrots” in
a context in which simplification has recently occurred but in which registration
costs and complexity still remain much higher than in the Sri Lankan and

2. An information-only intervention designed to encourage registration in Bangladesh also found a

zero effect of information (De Giorgi and Rahman 2013). Bruhn and McKenzie (2014) provide a more

detailed review of the literature.
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Peruvian cases, and by also testing simultaneously the role of “sticks” in the
form of inspections.3

Other related literature looks at the impact that formalizing has on firms. In
addition to the experimental work of de Mel et al. (2012), there are several non-
experimental studies that examine this question. Fajnzylber et al. (2011) and
Monteiro and Assunção (2012) both analyzed the impact of the SIMPLES
program on firms. These authors find that firms created after the reform invested
more, were larger, and were more likely to operate in a permanent location than
firms created just before the reform. However, it is unclear how much of this is an
impact of formalizing versus a difference in the selection of which firms formalize.
McKenzie and Sakho (2010) used an instrumental variables strategy in Bolivia
based on distance to tax offices and find that some firms in Bolivia that face high
costs of formalizing would gain on net from registering for taxes, whereas other
firms would lose from doing so and appear to be rationally informal. Taken to-
gether, these studies imply that many informal firms would not benefit from be-
coming formal and are thus consistent with our results that information and
reducing the costs of formalizing are not enough to induce formalization.

The remainder of the paper is structured as follows. First, we describe the process
of becoming formal as a small firm in Belo Horizonte, the information firms have
about the process of formalizing, and what firms see as the costs and benefits of be-
coming formal. We then describe our interventions and subsequently outline the
data used to evaluate their impact and the experimental design. Next, we provide the
results of the interventions on the rate of formalization among informal firms and
conclude with a discussion of implications for policy and further studies in this area.

C O N T E X T A N D T H E P R O C E S S O F F O R M A L I Z I N G

Belo Horizonte is the capital city of the state of Minas Gerais in Brazil and has a
city population of almost 2.5 million, with 5.5 million in the official metropoli-
tan area (the third largest in Brazil after São Paulo and Rio de Janeiro). A 2009
survey by the Brazilian statistical agency IBGE along with government records
was used by SEBRAE, the government agency for supporting micro and small
businesses, to estimate that Belo Horizonte had a total of 561,310 businesses, of
which 402,744 were informal (72 percent).

Registering a Microenterprise in Belo Horizonte

The Complementary Federal Law 123 defines micro-enterprises as firms with
annual revenues up to R$360,000 (US$177,000),4 provided they are not a

3. The cost of registering in Sri Lanka was approximately US$10 and took between two and eight

days, with the median firm in the de Mel et al. study below the threshold for income taxes. The Peru cost

was approximately $45, and firms were not liable for taxes after municipal registration. This compares to

a cost of approximately US$180 and ongoing taxes of at least 5 percent of income for the typical firm in

this study.

4. One US dollar was approximately 2 Reais during the period of our intervention.
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subsidiary of another firm. Microenterprises that meet several other conditions
(the key ones being that they do not have a foreign owner or partner and are not
in certain sectors such as financial services, consulting, alcohol or tobacco, or
transportation) are eligible to register their businesses formally under a national
simplified taxation system called SIMPLES. The SIMPLES regime combines
several ongoing tax and contribution payments into a single payment (including
employee taxes and the state sales tax), but it does not simplify the registration
process itself. In addition, at the time our study began, enterprises with one or
fewer employees and R$36,000 or less in annual revenues could instead register
as individual microentrepreneurs (MEIs). This is an even simpler tax status for
proprietorships in which only a fixed amount per month is paid for all taxes.5

Eligibility for this category was changed after our intervention had begun; the eli-
gibility threshold was raised to R$60,000 after a law change in September 2011.

The state government created a unit called Minas Fácil in June 2008 to
simplify the registration process. Registration under this new system involves
registering at the federal, state and municipal levels through a single process (pre-
sented in Appendix S1, available at http://wber.oxfordjournals.org/). Many steps
in the process are online, and the entire process is estimated to take seven days
for an average firm. The key documents obtained are federal tax registration, evi-
denced by obtaining a Cadastro Nacional de Pessoas Jurı́dicas (CNPJ) number;
state-level registration with the Chamber of Commerce (JUCEMG); and a munic-
ipal license (Alvará de Localização e Funcionamento, or ALF). The initial cost of
registration is R$236 for a sole proprietorship and R$320 for a limited liability
company.

The annual costs of being formal include a sanitary tax (R$53.40–106.76,
depending on activity); the TFLF, a municipal inspection tax (R$77.26) that
firms need to pay within 30 days of formalizing and again at the beginning of
each year; and a revenue tax. The revenue tax is a flat rate of R$51.65 per month
for individuals who qualify as a MEI; otherwise, SIMPLES ranges from 4 percent
to 8.21 percent depending on the revenue level and industry.6 In addition, it is
mandatory for formal firms with two or more employees to use an accountant,
who must prepare cash flow and accounting statements each month, ensure the
firm makes the monthly tax payments, and submit a form each year to the federal
tax authority. In Belo Horizonte, accountants charge an average of R$300 per
month for this service. Accountants are not required for MEIs with one or fewer
workers and revenue under the MEI revenue threshold.

We use our baseline survey data to calculate the estimated costs in the first
year from formalizing as a percent of baseline annual profits. Figure 1 shows
the distribution of the cost of formalizing. The cost of formalizing is 10.7

5. See http://www.portaldoempreendedor.gov.br/mei-microempreendedor-individual for more details.

6. The first R$180,000 in annual revenue is taxed at 4 percent for firms in commerce, 4.5 percent for

firms in industry, and 6 percent for firms in services. The next R$180,000 is taxed at 5.47 percent for firms

in commerce, 5.97 percent for firms in industry, and 8.21 percent for firms in services. This tax includes a

number of taxes such as income tax, contributions to social security, and employer pension contributions.
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percent of baseline profits for a firm at the 25th percentile of firms in our
sample, 15.6 percent for a firm at the 50th percentile, and 27 percent for a firm
at the 75th percentile. Furthermore, 1.2 percent of firms have a cost of for-
malizing that exceeds 100 percent of baseline annual profits. Thus, the cost of
becoming formal is large for some firms and greatly exceeds what owners
would pay in personal income tax if this were taxed as wage income.7 These
calculations assume that formal firms report their full revenues and all of their
workers; in our surveys, firms say that they think firms typically report only 50
percent of revenues for tax purposes. Firms may also underreport workers to
escape the requirement of having an accountant. A firm in our sample reporting
no more than one worker and reporting only half its revenues for tax purposes
would face a median annual cost of being formal of 8 percent of its annual
profits.

Are Firm Owners Well Informed about the Process of Formalizing?

Our baseline survey reveals that most of the interviewed informal firms lack
key information about the process of formalizing, that there is substantial

FIGURE 1. Distribution of First-Year Costs from Formalization as Percent of
Baseline Profits

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

7. By way of comparison, personal income tax rates are 0 for income below R$20,529, 7.5 percent for

income between R$20,529 and R$30,767, and 15 percent for income between R$30,768 and R$41,023,

with the highest rate of 27.5 percent applying to income over R$51,250. The mean annual profits in our

sample are R$24,255, so they would have an average tax rate of only 1.1 percent if they were taxed as

wage income.
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heterogeneity in their beliefs and that most think formalizing is more time con-
suming and costly than it is in reality. Only 46 percent of firm owners claim that
they know what is needed to register, and only 19 percent know that the Junta
Comercial (Chamber of Commerce) is where firms need to go to register. The
mean (median) time firm owners think it takes to register after all documents are
provided is 51 days (30 days), whereas in practice, the average time is seven to
nine days. Almost 30 percent have no idea of the cost of registering, and among
those who estimate the cost, the mean estimate is R$1,304, and the 90th percen-
tile of R$2,500 is more than 10 times the 10th percentile of the estimated cost of
R$200. As described above, the actual upfront cost of registering is only R$236,
or R$366 if one includes the sanitary and municipal taxes due within 30 days of
registering. The mean (median) estimated tax rate is 22 (20) percent, compared
with the actual tax rate of 4 to 8 percent.

The baseline survey asked firm owners open-ended questions about what they
saw as the main benefits and costs of formalizing. The main benefits mentioned
were the ability to open a bank account in the business name (51 percent), a
better reputation for the business (47 percent), reduced risk of being fined
(44 percent), ability to get business loans (43 percent), and the ability to sell to
other firms that require registration (39 percent). Only 13 percent said that they
saw no advantages. The main disadvantages mentioned were the initial costs of
registration (62 percent), having to pay taxes (58 percent), having to pay for an
accountant (34 percent), and the process of registering taking too much time
(32 percent).8

The baseline survey also asked firms if they had received an inspection visit
from various types of inspectors in the past year. Thirty-two percent of firms re-
sponding to the baseline survey had received a visit from the municipal inspector
(typically to check whether they had paid for a sign outside), 5.5 percent from a
state tax inspector, and 3.1 percent from a federal tax inspector. The other main
form of inspection was sanitary inspections, which 20.1 percent had received.
Only two percent reported having paid a fine for being informal; the mean
(median) fine was R$2,340 (R$600), with the majority of these fines paid to the
municipality. Note that these data come from surviving firms and may understate
the rate of inspection and fine receipt among all informal firms if many firms that
are inspected or fined close as a result.

I N T E R V E N T I O N S

The context is thus one of pervasive informality, despite the introduction of the
simplified taxation program SIMPLES and the efforts by the Minas Facil unit to
streamline the registration process. Given this context, Descomplicar, a unit

8. There is also an option value to remaining informal because firms can always decide to formalize

later when asked by an inspector or when a law changes, whereas it is much harder to de-formalize. Firms

did not list the loss of this option value as a disadvantage, but this may have been harder for them to

express.
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within the state government of Minas Gerais that has the mandate to simplify
relations between citizens, firms and the state, worked with the World Bank to
test various mechanisms that could be used to induce more firms to formalize
under the existing system in place. The focus was on trying to target firms that
fell under the eligibility criteria for SIMPLES, which, at the time of design, was
for revenues in the range of R$36,000 to R$240,000 or having two or more
workers if revenues were below this level.9

The following three interventions were designed, along with a fourth, indirect
treatment and a process to test them experimentally (described in the next section).

Communication Treatment

Given the lack of information many firm owners have about the process, time,
and costs of formalizing, the first intervention considered was an information
treatment. An attractive and colorful brochure titled “formalization of enterprises”
(see Appendix S2 for example pages) was designed by professional marketing staff.
This 18-page brochure included (i) information on the advantages and importance
of formalizing, explaining benefits such as the availability of lines of credit, the
ability to participate in tenders and public bids, increased credibility, and compli-
ance with social obligations; (ii) the disadvantages of being informal, including the
risk of seizure of goods and application of fines, difficulty dealing with medium
and large suppliers and customers, limited business growth prospects, the inability
to practice judicial recovery, and the inability to obtain financing due to a lack of
accounting records and formal status; (iii) explaining how firms can tell if they
qualify as a microenterprise; (iv) discussion of opportunities in business procure-
ment and the simplicity of selling to the Government of Minas Gerais; (v) opportu-
nities for lines of credit for small formal businesses through the state development
bank; (vi) the importance of working with an accountant; (vii) how to calculate
taxes; and (viii) the 10 steps needed to register for SIMPLES (see appendix S1) and
a telephone number firms could call for help.

Firms selected for this intervention were given this brochure in person by a
trained interviewer from the survey company Sensus Pesquisa e Consultoria.
Descomplicar staff trained these interviewers on the content of the brochures and
on an accompanying short speech explaining the content. Firms that stated they
were formal and that could produce a federal taxpayer number (CNPJ) were not
given the brochures. Those that stated they were formal but could not document
this assertion were also given the brochure.

Free-Cost Treatment

The second intervention combined the information brochure given in the com-
munication treatment with an effort to eliminate as many of the costs of

9. Note the upper threshold was raised to R$360,000 after a law change in late September 2011,

while at the same time, the revenue threshold for MEI registration was raised from R$36,000 to

R$60,000.
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registering as possible. As part of this intervention, Descomplicar made an ar-
rangement with its counterparts in the other agencies involved in registration for
all registration fees to be waived for the firms selected for this pilot intervention.
This arrangement included waiving the JUCEMG registration fee and municipal
license fees as well as paying the first year’s sanitary tax and municipal inspection
fee, which are due within 30 days of registering. The fees waived amounted to
between R$366 and R$504 (US$183–250) depending on the type of firm. In ad-
dition, an arrangement was made with the local accountants’ association
whereby 50 accountants would be available to provide one year of free account-
ing services to these firms. This service has an effective value of R$3,600 given
the prevailing cost of accounting services and the mandate for certain types of
firms to use an accountant. Thus, firms participating in this treatment and being
formalized through this offer would pay no initial registration fees, and the only
cost of formalizing in the first year would be their SIMPLES taxes. This offer was
again delivered in person to firm owners by trained enumerators, with a phone
number of a government office firm owners could call for further information or
help. Firm owners were given 90 days to take advantage of the offer.

Inspector Treatment

In addition to informing firm owners about how to register and making it
cheaper for them to do so, the other main instrument governments can use to in-
fluence the behavior of informal firms is enforcement. As evidenced by our base-
line data, the most common source of enforcement comes from municipal
inspectors, which is also the typical pattern in other countries. In countries
where municipal registration is separate from tax registration, the result is that
many firms tend to be registered with the municipality but not with other levels
of government. In Minas Gerais, because registration is a streamlined process re-
quiring registration at all three levels, it is possible that municipal inspection may
also result in full formalization. Note that before Minas Fácil was introduced in
2005, municipal, state, and federal registration processes were not linked in
Minas Gerais, so it was possible for firms that registered pre-reform to have one
type of registration but not the others.

The Prefeitura de Belo Horizonte (PBH) is the authority in charge of munici-
pal inspections within the city of Belo Horizonte. The PBH has approximately
100 inspectors divided across nine semi-autonomous subregions, each with their
own decision-making processes about which firms to inspect. These inspectors
perform two types of inspections. The first is to check whether firms have a
permit to display a sign outside the firm (placa). Second, the inspectors can
conduct visits that request proof that a firm has a current municipal license
(ALF), which expires every five years, and can check whether a firm has a CNPJ
(tax registration). Firms that are lacking the ALF receive and notification and are
given 30 to 45 days to formalize, at which time the inspector returns. If the firm
is still lacking municipal registration, the inspector fines the firm owner (the fine
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amount varies depending on the area of the premises)10 and closes the firm.11

If firms can prove they are in the process of registering, they can receive more
time. The inspectors do not have the power to fine firms for not being registered
with the state or federal authorities, but they can threaten to report un-registered
firms to these authorities. In practice, this usually does not occur. When a firm
applies for a municipal license following the inspection, it should technically also
receive the state and federal licenses because all three registration processes are
now integrated.

The third intervention consisted of giving these inspectors a list of selected
firms to receive this second type of inspection, which involves requesting proof of
the municipal license (ALF) and checking whether the firm has a CNPJ.

Indirect Inspector Treatment

The cost effectiveness of inspection as a means of getting firms to formalize
depends in part on whether there are spillover impacts from inspected to non-
inspected firms. Our final treatment is therefore an indirect one, whereby a firm
does not receive an inspection but firms very closely located to it do receive an
inspection. The next section explains our experimental design to measure these
spillovers.

D A T A A N D E X P E R I M E N T A L D E S I G N

To experimentally test these interventions, we needed a sample of informal
firms. However, since no recent sample frame of informal firms was avail-
able, we had to construct one through a listing exercise. The presence of the in-
spector treatment added a complication to this listing process for ethical and
survey-response reasons. In particular, if a firm owner voluntarily provided infor-
mation about the firm’s formality status in an interview, it may not be considered
ethical to then use this information to potentially assign an inspector to visit
them.12 Even if it were considered ethical (because the government has a right to
ask firm owners about their formality status and a right to conduct inspections),
we were still concerned that individuals who were interviewed in a baseline
survey and then received an inspection may be unwilling to respond to a
follow-up. Therefore, a listing stage was performed that did not involve talking
to the firm owner.

10. Note that these fines occur only if the owner fails to respond to the request to formalize after an

inspector visit. There are no back taxes or fines for having operated informally before the first inspection

visit.

11. Closing the firm involves the inspector physically shutting the door of the firm, saying the firm is

closed, and then coming back three times to check that the firm is still closed.

12. Our inspection experiment here differs from almost all other experiments we are aware of, in

which the treatment given to participants is something they privately want. Here, inspections are likely

socially good but privately undesired. McKenzie (2013) discusses this issue in the context of this

experiment in more detail.
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Listing Survey

The survey firm Gauss Estatı́stica & Mercado was hired by the Minas Gerais gov-
ernment through a public procurement process to undertake a listing survey in
600 census blocks in Belo Horizonte. Appendix S4 describes how these census
blocks were selected. Listing consisted of enumerators visiting every firm operat-
ing out of a fixed building in the census block. It excluded individuals operating
informally on the street because our interest was in larger informal firms, and it
excluded transportation firms because the rules for formalizing are different for
them. Enumerators recorded basic information about the firm that could be ob-
served without talking to the firm owner, including the full street address, the
business sector, the “fantasy name” of the firm (the name on a sign outside the
firm if they had one), whether the business had a sign, the approximate area in
square meters of the premises, and the approximate number of employees in the
business. A photo was also taken of the firm to aid in subsequent identification.

Through this process, more than 10,000 firms were listed during January and
February of 2011 (appendix S3 provides a timeline). The firms were then
matched by Gauss against two databases of formal firms – a database from PBH
of 140,628 firms with municipal registration and a database from JUCEMG (the
Chamber of Commerce) of 117,350 firms with state registration. This approach
was used to eliminate the “definitely formal” firms (i.e., firms who appeared on
both of these lists), resulting in a sample of 7,852 listed potentially informal
firms in 574 census blocks. In terms of the listed sector, 48 percent were in com-
merce, 45 percent were in services, only 1 percent were in manufacturing, and
6 percent were undefined. The large number of firms to be matched in a short time-
frame, the requirement for firms to be on both formal lists, and possibly the inex-
perience of the survey firm in performing this matching exercise meant that, as we
will see, a number of formally registered firms remained in this listed sample.

Because part of our design involves examining spillovers within blocks, we
wanted to minimize the risk of spillovers across treatment blocks. To do this, we
used the address of each listed firm and obtained from this the GPS latitude and
longitude. We then calculated the number of firms in other census blocks that lay
within 100 meters of the listed firm in a straight line. We examined in detail the
239 census blocks in which at least 10 percent of the firms were close to at least
one firm in another census block. We were most concerned with adjacent census
blocks, where firms on one side of the street that was a block boundary were in
one block and those on the other side of the street were in a different block. We
then used an algorithm to reclassify these into new blocks,13 resulting in a total
of 662 geographic blocks. Of these blocks, 57 contained only one potentially

13. For each street that formed part of more than one block (144 streets in total), we calculated the

median street number in each block. We then took the difference in median street numbers across blocks

for each street and, for all blocks where this difference was smaller than 250 street numbers, combined the

firms that were on the same street but in different blocks into a new block.
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informal firm each, so we dropped these blocks for a final sample of 605 geo-
graphic blocks containing 7,795 firms.

Randomization into Treatments at the Geographic Block Level

We randomized these 605 geographic blocks into three groups: control blocks,
communication blocks, and inspector blocks. Randomization was stratified by
the 9 sub-districts in Belo Horizonte and by whether the block had firm density
above or below the median (measured by the number of listed informal firms
divided by the area of the block).14 This method resulted in 201 blocks being
chosen as control blocks, 202 inspector blocks, and 202 communication blocks
(figure 2).

Baseline Survey of Control and Communication Blocks

All of the firms listed in the communication and control blocks were targeted for
a baseline survey that took place between May and August 2011 and was con-
ducted by the same firm (Gauss) that performed the listing.15 Of these 5,419
firms, 1,455 were found to be formal (through the presentation of documents).
In 832 cases, the firm had closed, and neighbors said this was a permanent
closure. In 871 cases, the owner was unable to be contacted on three visits at dif-
ferent times and days. In 699 cases, the owners said that they were too busy and/
or refused outright to be interviewed. There were errors in records for 209 firms
(such as being listed twice), and 1,353 firms were interviewed. Thus, the inter-
view rate was 25 percent of all listed firms and 48 percent of non-formal, non-
closed firms without listing data errors.

Firms that appeared in the baseline survey were almost evenly split between
commerce and services, with less than 5 percent in manufacturing. The most
common types of firms were hairdressers/salons (20 percent), bars (14 percent),
automobile mechanics (8 percent), clothing (4 percent), and grocery stores
(4 percent), with a wide range of other types of firms, such as restaurants, book-
stores, photocopying, flower shops, laundromats, and dance and language
schools. The average owner was 44 years old and had run the business for eight
years; 37 percent of the owners were female, and 42 percent had completed a
high school education or higher. The average firm had 1.3 employees (not includ-
ing the owner) and reported annual revenues of R$52,000 (US$26,000) and
monthly profits of R$2,000 (US$1,000).

Randomization to Treatment Status at the Individual Level

Given that only one-quarter of the listed firms answered the baseline survey, it
was decided to focus the communication treatments on this subgroup because

14. Because firm density (area of the block) was not known for the blocks that we reclassified to avoid

having neighboring firms in different blocks, we had three strata within each subdistrict: above median

density, below median density, and reclassified block.

15. Data, questionnaires, and replication files can be found in the World Bank’s Open Data Library:

http://microdata.worldbank.org/index.php/catalog/1551
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there was little point in trying to provide information on the process of formali-
zation to firms that were already formal, closed, or for which the owner could
not be found. Therefore, we randomly chose half of the firms that had responded
to the baseline survey in each communication block to receive the communica-
tion treatment and the other half to receive the free-cost treatment. These firms
would then be directly comparable to the firms in the control block that had an-
swered the baseline survey. This method produced a sample of 1,348 firms,
which were divided into 689 control firms, 331 communication firms and 328
free-cost firms for use in evaluating the effectiveness of the communication and
free-cost treatments (indicated by the solid black box in figure 2).16

The first three columns of table 1 show that randomization succeeded in gen-
erating comparable firms across the different treatment groups. The first column
shows the control group mean, whereas the second and third columns show the

FIGURE 2. Treatment Assignment

Source: Authors’ description.

16. Due to data coding issues, seven of the firms that answered the baseline were not assigned to the

control, communication or free-cost groups, whereas two firms that were not in the baseline were assigned

to the communication treatment. We work with the 1,348 observations that were assigned for treatment

or control.
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TA B L E 1. Confirming Randomization

Communication vs Control Blocks Inspector vs Control Blocks

Inspector Control in
Control Free Cost Communication Control Assigned Inspector Block
Mean Difference Difference Mean Difference Difference

Listing Variables
In commerce 0.46 0.0254 20.0316 0.47 0.0230 20.000767
In services 0.50 20.0108 0.0199 0.45 20.0248 20.00635
Has a sign outside 0.34 20.0104 0.0102 0.39 0.0382 0.0407
Num. employees 0.99 0.0511 20.0533 1.09 20.107 0.191*
Area (square meters) 43.8 7.293 1.886 60.4 3.932 0.682
Baseline Variables
Owner is female 0.37 20.00542 0.0307
Owner’s age 44.3 0.172 20.175
Owner has primary or lower education 0.17 0.00315 0.00641
Owner has completed high school 0.42 20.0319 20.00110
Owner is married 0.58 20.00277 20.0291
Age of business (Years) 7.82 0.309 0.150
Hours owner works per week 54.1 21.565 21.244
Total number of employees 1.14 0.154 0.201
Keeps business records 0.32 0.0574* 0.0728**
Annual revenue (Reais) 48,595 3,637 12,299
Monthly profits (Reais) 1797 159.3 824.3*
Owned capital stock (Reais) 46,319 8,243 13,486
Claims to have SIMPLES but no proof 0.15 0.0132 0.00256
Claims to be registered with JUCEMG 0.13 20.00379 20.00268
Claims to have a CNPJ 0.23 20.0164 20.0108
Claims to have an ALF 0.24 0.0419 0.0515
Visited by municipal inspector in past year 0.33 20.0539* 20.0272
Visited by state inspector in past year 0.06 20.00700 20.0287*
Visited by federal tax inspector in past year 0.03 0.00692 0.00380
Sample Size 689 328 331 1398 577 593

Notes: *, **, and *** indicate significantly different from control mean at the 10, 5 and 1 percent levels, respectively, after controlling for randomization
strata and clustering at the block level. Inspector vs control blocks comparison uses sampling weights to account for uneven sampling probabilities.

Source: Authors’ analysis based on data described in paper.
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coefficients on the communication and free-cost assignment to treatment
dummies in the following regression for firm i in geographic block s:

BaselineVariablei;s ¼ aþ bCommunicationi;s þ gFreeCosti;s þ
X

dsds þ 1i;s;

ð1Þ

where the ds are dummies for the 27 sub-district*firm density strata used in the
block-level randomization, and the standard errors are clustered at the block
level. The first five rows show variables obtained from the listing survey, and the
remainder show variables from the baseline survey. Of the 48 coefficients shown,
five are significantly different from zero at the 10 percent level, and only one is
significantly different from zero at the 5 percent level, which is in line with what
would be expected by pure chance.

In contrast, because the inspector block firms were not interviewed at base-
line, randomization for this group required randomizing among all firms orig-
inally listed (indicated by the dashed line box in figure 2). Our original plan
called for assigning half the firms listed in these blocks to receive the inspec-
tion treatment and half to be indirect inspector firms. However, this was not
feasible with the existing number of inspectors, so we had to randomly choose
only one-quarter to be inspector firms. This method resulted in 577 firms
being assigned to the inspector treatment. The remaining firms in this block
were all indirectly inspected. Budget constraints required us to randomly
choose 593 of the indirectly inspected firms as the sample we would target for
the follow-up survey. The correct control group for these firms consists of
listed firms in the control blocks. Recall that we already have a sample of 689
firms in the control blocks that had answered the baseline survey. We there-
fore randomly chose an additional sample of 709 control block firms that had
not answered the baseline survey and assigned them for follow-up. We then
reweighted the control group sample to take account of the fact that we had
all firms that answered the baseline and only a sample of those that did not in
this group.

The last three columns of table 1 compare the inspector and indirectly inspect-
ed firms to this weighted sample of control firms in terms of the characteristics
available from the listing survey using the following intention-to-treat regression:

ListingVariablei;s ¼ aþ bInspectori;s þ gIndirectInspectori;s þ
X

dsds þ 1i;s:

ð2Þ

Although this comparison offers far fewer variables for checking balance than is
possible for the communication and free-cost treatments, the results are still reas-
suring, with only one of the 10 coefficients being significant at the 10 percent
level.
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Follow-up Surveys

A very short phone survey of firms selected for the communication and free-
cost treatments was conducted between April 10 and 18, 2012, by Sensus. The
purpose of this survey was to follow up with the firms that had received the com-
munication or free-cost content to assess whether they had started the process of
formalization, their intent to formalize, and whether the information in the bro-
chure had been useful. It was also intended to serve as a last prompt to use the in-
formation and free-cost offer. This survey was not given to firms to which Sensus
had not made the treatment offers; thus, it was given to 464 firms, of which 367
responded (79 percent). In this survey, 86 percent of the firms said they remem-
bered receiving the information, and 48 percent had read the brochure after
having had it explained in person. Of those who read the brochure, 48 percent
said they had learned that there were more potential benefits of formalizing than
they had realized, but 42 percent also said they had learned that formalization in-
volved more costs than they had known. Fifty-seven percent said that they had
learned the process of formalizing was simpler than they had thought, whereas
18 percent said that they learned the process was more complicated than they
had thought.

The full follow-up survey consisted of an in-person survey administered by
Sensus between July and September 2012. The target sample size was 3,227
firms consisting of 328 free-cost firms, 331 communication firms, 577 firms as-
signed to inspectors, 593 indirectly inspected firms, 689 firms in the control
blocks that had completed the baseline, and 709 firms in the control blocks that
had not completed the baseline. Three attempts on different days at different
times were made to contact these firms. A total of 1802 (56 percent) of the target-
ed firms were interviewed, with a further 14 percent closed, 20 percent absent
and 10 percent refusing to be interviewed (see the last row of figure 2).

This attrition rate is relatively high. Appendix S5 examines whether attrition
differed systematically between the treatment and control groups and does not
find any evidence for such a difference. Nevertheless, in this appendix, we also
calculate bounds to show the robustness of our main survey outcome variables to
attrition. Importantly, this attrition is only an issue for survey-based outcomes.
For our most important outcomes regarding formalization, we are able to use
administrative data that are free of attrition.

Administrative Data

We received a list from JUCEMG of all firms that registered with the chamber of
commerce in Belo Horizonte between October 25, 2011 (the day the communi-
cation treatment started) and September 19, 2012. This list contained the official
business name, fantasy name, street address, phone number, and CNPJ of the
business as well as registrations for MEI status and SIMPLES. In addition, we ob-
tained a list from PBH of all firms that registered for an ALF license during this
same period. We used a matching algorithm and manual checking to match this
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to the listing survey data described in Appendix S6. For each formalization
measure, we define “definite” matches as cases where there are sufficient data in
both data sources to make it almost certain we are matching the same firm and
“definite or probable matches” to include cases where it seems very likely to be
the same firm but less data are available to confirm the match. We also construct
an overall measure of whether a firm has formalized that measures whether
the firm is a definite or probable match for at least one of these three forms of
formalization (MEI, SIMPLES, or ALF).

Estimating Treatment Effects

To estimate treatment effects, we estimate versions of equations (1) and (2) for
different outcomes. Because baseline data are not available for the inspector
block firms, we do not control for baseline levels of the outcome variable,
although the results for the communication versus control blocks are robust to
doing so. A key point that is clear from figure 2 is that we are estimating the com-
munication and free-cost treatment effects for a subpopulation (those who an-
swered the baseline survey) of the group for which we estimate the inspector
treatment. We can write the following:

ITT full sampleð Þ ¼ Pr Answer Baselineð Þ � ITT Baseline Sampleð Þ
þ 1�Pr Answer Baselineð Þð Þ � ITT Not in Baseline Sampleð Þ;

ð3Þ

where ITT is the intention to treat effect. Because the group that did not answer
the baseline survey consists of firms that were either closed, already formal, or
could not be found, it seems reasonable to assume that any intervention in this
group would have smaller impacts than it would on the group that agreed to
answer the baseline survey. Therefore, we view our ITT estimates for the commu-
nication and free-cost treatments as an upper bound of what they would be in
the full sample listed, whereas a lower bound can be obtained by multiplying
these estimates by 0.25, the probability of being in the baseline. This approach
allows direct comparison of the inspector treatment effects to the communication
and free-cost treatment effects.

A further issue to address is that we are examining a number of different out-
comes. The tests of significance provided for these outcomes are appropriate if
we are interested in a particular outcome, such as whether the communication
treatment increases the likelihood of a firm having obtained a municipal license
(ALF). However, when looking at the range of outcomes, we need to make ad-
justments for multiple hypothesis testing. Two approaches are commonly used in
the literature. The first is to aggregate outcomes into indices and test whether the
overall impact of the treatment on a family of outcomes is different from zero
(e.g., Kling and Liebman 2004). We use this approach when considering formali-
zation as an outcome because it is natural to aggregate different types of permits

40 T H E W O R L D B A N K E C O N O M I C R E V I E W



into a single measure of whether a firm has obtained any permit. This approach
is less useful when we are interested in the individual outcomes themselves, so
the alternative is to adjust the p-values used to test each individual null hypothe-
sis. We use the Benjamini and Hochberg (1995) correction, which controls the
false discovery rate within families of outcomes. Fink et al. (2012) provide more
detail on this method and the need for its use in the analysis of development
experiments.

R E S U L T S

We begin by discussing the implementation of the different interventions and use
our survey data to examine whether this implementation resulted in changes in
knowledge or in inspection frequencies. We then examine whether these inter-
ventions changed the rate of business closure and, ultimately, the impact on dif-
ferent aspects of formalization.

Implementation of Interventions

The communication treatment began on October 26, 2011, with up to four at-
tempts made to deliver the brochure to the owner. This method resulted in 208
of the 331 firm owners assigned to this treatment receiving the brochure (63
percent). A further 100 firm owners declared themselves to be formal and were
not given the brochure. Only two owners outright refused the brochure, and the
remainder were either unable to be found or absent.

The free-cost treatment took place in February 2012 once arrangements
had been finalized with both the government agencies that would waive the
costs and with the accountants’ association. We realized that many of the firms
that claimed to be formal in the communication treatment may have possessed
one document (a federal, state, or municipal registration) but may not have
SIMPLES (i.e., all types of required registrations). Therefore, the instructions
were to give the offer to all firms without SIMPLES and to explain that it was
also valid to take the firms from partially formal to fully formal. As a result,
this offer was delivered to 255 of the 328 firms assigned to this treatment
(78 percent). Take-up of the offer was incredibly low: one month after the
offer, our partner government agency and hotline had received only five
calls and two visits; three months after the offer, only 10 to 15 people had
called, and one had started the formalization process. Ultimately, only one
firm in this treatment group took the offer to formalize and use one of the free
accountants.

The inspector treatment began in December 2011 and lasted through April
2012. Of the 577 firms identified for inspection, the inspectors said they were
able to locate 530, of which 387 firms were open. Among these 387 firms, 170
were found to have a municipal license, although some of these had expired and
others were using more space than licensed or had other infractions. The inspec-
tors notified 269 firms that they were operating without the proper licenses. The
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inspectors reported that in their follow-up visits, 143 firms were closed and
88 firms were in the process of formalizing.17 Their final report showed that 17
of the notified firms had produced a valid municipal license, four had produced a
license as a microentrepreneur, and the rest were still classified as in process.

Impacts on Knowledge and Inspection Likelihood

The first part of table 2 examines whether the treatments changed individuals’
knowledge about the process of formalization. We obtain these treatment
impacts through estimating equations (1) and (2) with different knowledge mea-
sures as the outcome of interest. We see first that approximately 60 percent of the
control group firms claim to know the steps required to fully register a business
and that none of the treatments has a statistically significant impact on this
outcome. This high rate of self-assessed knowledge contrasts dramatically with
objective measures of knowledge; firm owners were asked the cost of registering
and the tax rate faced by firms that register. As in the baseline survey, knowledge
of this information is very low, with only 3 percent of the control group giving
an answer in the right range for the cost and only 4 percent in the right range for
knowing the tax rate. The communication and free-cost treatments have no sig-
nificant impact on this outcome, whereas the marginally significant impacts of
the inspector treatment on knowledge of the tax rate and of the indirect inspector
treatment on knowledge of the cost of registration are not significant once a cor-
rection is made for multiple hypothesis testing.

We find stronger impacts on whether individuals claim to use an accountant
(a requirement of being formal for most firms) and whether they know the cost
of an accountant. The free-cost treatment raises the likelihood of claiming to use
an accountant by 11.6 percentage points (p ¼ 0.014) and the likelihood of
knowing the cost of an accountant by 11.8 percentage points (p ¼ 0.0002). The
communication treatment has a similar magnitude impact on claiming to use an
accountant (p ¼ 0.022). However, applying the Benjamini-Hochberg (1995)
false discovery correction procedure to the 10 information and knowledge esti-
mates results in only a significant impact of the free-cost treatment on knowing
how much an accountant costs. Firms assigned to the inspector treatment are
also significantly more likely to know the cost of the accountant, even after con-
trolling for false discoveries. Taken together, these results suggest little impact of
the treatments on precise details of the formalization process, such as costs and
tax rates. However, firm owners did gain information about the role and cost of
accountants in this process.

The second part of table 2 examines a second family of outcomes relating
to inspector visits. Approximately 47 percent of firms in the control blocks
report having been visited by a municipal inspector in the past year. This result
increases by 13.5 percentage points for the firms assigned to the inspector

17. Note that most of these “closed” firms were found to have subsequently re-opened by the time of

our follow-up survey, making it unclear what “closed” means in practice.
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TA B L E 2. Impacts on Knowledge about Formalization and Inspections

Communication vs Control Blocks Inspector vs Control Blocks

Inspector Indirectly
Sample Control Free Cost Communication Sample Control Assigned Inspected

Size Mean Difference Difference Size Mean Difference Difference

Information and Knowledge
Claims to know procedures for formalizing 817 0.59 0.00415 0.0303 1,393 0.62 20.00871 0.0458

(0.0432) (0.0380) (0.0349) (0.0318)
Knows cost of registration is between R$200 and R$400 817 0.03 20.0111 0.00734 1,393 0.03 0.00170 20.0197*

(0.0117) (0.0159) (0.0130) (0.0103)
Knows tax rate if registered is between 4% and 8% 817 0.04 0.0213 0.0120 1,393 0.04 0.0272* 0.00866

(0.0201) (0.0184) (0.0164) (0.0150)
Claims to use an accountant 817 0.27 0.116** 0.108** 1,393 0.48 0.0658* 20.00847

(0.0470) (0.0470) (0.0348) (0.0391)
Knows cost of an accountant is R$200-R$400/month 817 0.10 0.118*** 0.0406 1,393 0.18 0.0907*** 0.0562*

(0.0312) (0.0300) (0.0312) (0.0307)
Inspections
Municipal inspector visit in past year 817 0.42 0.0346 0.0709 1,393 0.47 0.135*** 0.0465

(0.0467) (0.0438) (0.0367) (0.0392)
Received information on how to formalize from any

inspector
817 0.14 20.0404 20.00387 1,393 0.12 0.0517* 0.00272

(0.0262) (0.0318) (0.0275) (0.0267)
Reports a neighboring firm inspected in past year 817 0.19 0.00429 20.0231 1,393 0.19 0.000869 0.0355

(0.0370) (0.0372) (0.0295) (0.0326)
Was notified or fined by an inspector in past year 817 0.10 20.0223 20.0292 1,393 0.10 0.0324 0.0306

(0.0264) (0.0257) (0.0248) (0.0245)

Notes: Standard errors in parentheses, clustered at the block level. *, **, and *** indicate significantly different from control mean at the 10, 5, and
1 percent levels, respectively, after controlling for randomization strata. Sampling weights are used for the Inspector vs Control blocks comparisons.
Coefficients in bold remain significant applying the Benjamini-Hochberg (1995) procedure within a family of outcomes to control false discoveries.

Source: Authors’ analysis based on data described in text.
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treatment (p ¼ 0.0002), which is consistent with the inspector treatment increas-
ing the likelihood of receiving an inspection. Note, however, that the combina-
tion of firms that were closed or unable to be located by the inspectors coupled
with the fact that some firms would have received an inspection anyway means
that this difference between the treatment and control groups is much less than
100 percentage points. However, note also that we do not know how many of
these reported visits were only to check on the signage of the firm versus how
many also checked the municipal license. The inspector treatment firms are mar-
ginally more likely to say that they obtained information on how to formalize
from an inspector (not significant after adjustment for multiple testing) and are
no more likely to be notified or fined than control firms.

The indirectly inspected firms are no more likely to report having seen or
heard that a neighboring firm had received an inspection in the past 12 months.
This may result from the fact that inspections occur to some extent anyway, and
that firm owners do not always communicate amongst each other – 35 percent
of firm owners say they do not talk at all to other firm owners about business
matters. Additional support for the view that many firms do not notice inspec-
tions in neighboring firms comes from the fact that twice as many firms report
having been inspected themselves than those that report having seen a neighbor-
ing firm inspected. These findings imply that we should expect the spillover
impact from inspecting the inspector group firms on the indirectly inspected
firms to be minimal in terms of formalization.

Impacts on Firm Survival

La Porta and Shleifer (2008) noted that a competing view to the De Soto/Doing
Business view of the informal economy as home to potentially productive entre-
preneurs held back by regulatory barriers is the dual economy view associated
with Tokman (1992) and Rauch (1991). In this view, the informal sector is a
source of subsistence livelihoods for individuals with relatively low levels of
human capital, and any increase in firm value that these owners would be able to
generate by formalizing would not be large enough to offset the additional costs
of taxes and other regulatory requirements. The result is that enforcing formali-
zation may cause these firms to shut down because they cannot afford to operate
formally. In both cases, the entrepreneur is making a cost/benefit calculation of
whether to formalize, but the competing views differ in terms of what they see as
the main costs and benefits entering this calculation.

Table 3 examines this possibility by looking at the impact of the different
treatments on firm closure. Firm closure is measured by whether the firm is ob-
served to be closed at the time of the follow-up survey coupled with information
obtained from neighboring businesses. Between 14 and 16 percent of the control
group was verified as closed at follow-up, with none of the treatments having any
sizeable or significant impact on this closure rate. In particular, it is not the case
that firms that received enforcement through the inspector treatment are more
likely to have closed.
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Impact on Formalization

Table 4 turns to the main outcome of interest, whether the treatments succeeded
in getting firms to formalize. We use the administrative data to measure formali-
zation because these data offer impacts without attrition and substantially larger
samples to measure impacts, providing the most power.18 The first few columns
compare the control firms to the free-cost and communication firms. We see that
assigning firms to the free-cost treatment has a strongly significant negative
impact on the likelihood of MEI registration (p ¼ 0.008 for definite matches,
p ¼ 0.010 for probable matches). One possible explanation for this is that
the free-cost and communication interventions explained how to register for
SIMPLES but not how to register as a MEI. The free-cost treatment also empha-
sized the need to have an accountant if the firm formalized, which is not required
for MEIs. The unexpected policy change immediately after we launched this in-
tervention increased the revenue thresholds under which firms could register as
MEIs. It is plausible that firms that received the communication and free-cost in-
tervention were less aware of this policy change given the information about the

TA B L E 3. Business Closure Impacts by Treatment Group

Panel A: Control vs Communication Blocks

Control Free Cost Communication
Mean Difference Difference

Closed at Follow-up 0.142 0.0139 0.0297
(0.0268) (0.0277)

Sample Size 685 329 328

Panel B: Control vs Inspector Blocks
Inspector Indirectly

Control Assigned Inspected
Mean Difference Difference

Closed at Follow-up 0.166 20.0184 20.00850
(0.0188) (0.0209)

Sample Size 1383 577 593

Notes: Standard errors in parentheses, clustered at the block level. *, **, and *** indicate signifi-
cantly different from control mean at the 10, 5 and 1 percent levels, respectively, after controlling
for randomization strata. Sampling weights are used in Panel B to account for uneven sampling
probabilities.

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

18. A last-minute change in question placement by the survey firm led to a skip pattern skipping the

detailed formalization questions for many firms in the follow-up survey. An attempt to re-contact these

firms to obtain this extra information only obtained these data for 71 percent of the follow-up survey

sample, with this response unbalanced by treatment status. Because the follow-up survey already had

relatively high attrition, the end result is that we only have survey measures of formalization for 35 to

50 percent of the assigned sample, depending on treatment group. We used the data collected to

cross-check the administrative matching process, but otherwise do not use this data.
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TA B L E 4. Impacts on Formality

Communication vs Control Blocks Inspector vs Control Blocks

Inspector Indirectly
Sample Control Free Cost Communication Sample Control Assigned Inspected

Size Mean Difference Difference Size Mean Difference Difference

Administrative data measures of formalizing after
interventions began

Definite match for SIMPLES 1346 0.007 0.00618 20.00300 5186 0.006 0.00390 20.00144
(0.00662) (0.00446) (0.00443) (0.00229)

Definite or probable match for
SIMPLES

1346 0.015 0.00177 20.00706 5186 0.014 0.00421 0.00102

(0.00773) (0.00761) (0.00586) (0.00384)
Definite match for MEI 1346 0.060 20.0349*** 20.0155 5186 0.026 0.00313 20.00557

(0.0131) (0.0139) (0.00826) (0.00469)
Definite or probable match for MEI 1346 0.067 20.0370*** 20.0143 5186 0.033 0.0138 20.00339

(0.0142) (0.0161) (0.0106) (0.00561)
Definite match for ALF 1346 0.030 0.00311 0.000227 5186 0.032 0.0218** 20.00540

(0.0113) (0.0117) (0.0110) (0.00535)
Definite or probable match for ALF 1346 0.041 20.000335 20.00597 5186 0.041 0.0327*** 0.00206

(0.0125) (0.0125) (0.0124) (0.00653)
Definitely obtained any type of

formal status

1346 0.083 20.0281* 20.0120 5186 0.056 0.0245* 20.0100

(0.0159) (0.0174) (0.130) (0.0068)
Definitely or most likely obtained

any type of formal status

1346 0.104 20.0350* 20.0182 5186 0.075 0.0392*** 20.0034

(0.0183) (0.0209) (0.0149) (0.0083)

Notes: Standard errors in parentheses, clustered at the block level. *, **, and *** indicate significantly different from control mean at the 10, 5, and
1 percent levels, respectively, after controlling for randomization strata. Sampling weights are used for the Inspector vs Control blocks comparisons.

Source: Authors’ analysis based on data described in text.
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need to register for SIMPLES and to obtain an accountant that they were given in
person, causing them to decide not to register. The point estimates are also nega-
tive for the communication treatment. Testing for equality of treatment effects,
we cannot reject that the communication-only treatment has the same negative
impact as the free-cost treatment – but neither can we reject a zero treatment
effect for communication only.

We see no significant impacts of the free-cost or communication treatments
on registering for SIMPLES or obtaining an ALF license. Pooling together
all three measures,19 we see that 8–10 percent of the control group that was
interviewed at baseline obtained some form of formal status after our inter-
ventions began and that this was approximately 3 percentage points lower for
the free-cost group. Given the size of the free-cost group, this equates to ap-
proximately 10 firms not formalizing that would have in the absence of this
intervention.

Turning to the last three columns, which consider the inspector versus control
block comparisons, we see that assignment to the inspector treatment group
leads to a strongly significant 2 to 3 percentage point increase in the likelihood of
obtaining an ALF. Recall that the ALF license is the only one the municipal in-
spectors are legally able to enforce. Under the one-stop shop for registration, we
expected that firms would register and obtain SIMPLES and an ALF all at once.
However, if firms had already obtained a CNPJ or if they had previously had an
ALF that had expired (they are valid for five years), firms could just register and
obtain an ALF only. It therefore appears that this extra formalization was by
firms that were already partially formal. There are small and insignificant
impacts of inspections on the other forms of formalization; thus, the overall
impact of formalizing comes from the ALF registrations. We find a significant
overall impact of between 2 and 4 percentage points, which is equivalent to
between 11 and 22 extra firms formalizing of the 577 assigned to the inspector
group.

In contrast, we find a rather precise zero effect of the indirect inspector treat-
ment on the likelihood of formalizing. The 95 percent confidence for the treat-
ment effect on “definitely or most likely obtained any type of formal status” is
[20.020, þ0.013]. This result is consistent with the evidence in table 2 that the
firms in this treatment group did not notice any increase in inspections of neigh-
boring firms.

Estimates of the Impact of Being Inspected

Although we find a significant impact of being assigned to receive an inspector
visit on obtaining an ALF license, the effect of 3 percentage points is very small.
There are several reasons for this small effect: many of the firms were closed or
could not be found by the inspectors, some firms were already formal, and some

19. Recall that because the formalization measures naturally aggregate, we consider impacts on this

aggregate to deal with concerns with multiple hypotheses testing.
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firms would have been inspected anyway. To estimate the causal impact of being
inspected on formality, we therefore run the following instrumental variables
regression:

Formalizei;s ¼ aþ bReceiveMunicipalInspectioni;s þ
X

dsds þ 1i;s; ð5Þ

where we instrument the follow-up survey report of whether the firm had re-
ceived a municipal inspection in the past year with assignment to the inspector
treatment group.20 We estimate this equation using the follow-up survey data for
the control group and inspector group only. We consider both ALF registration,
which is the registration form most closely tied to municipal inspection, and our
overall measure of formalizing.

Table 5 displays the results. We see that the point estimates range from 0.214
to 0.265, so receiving an inspection results in a 21 to 27 percentage point in-
crease in the likelihood of formalizing. The statistical significance is greatest for
ALF registration, where the p-value is 0.108 for definite registration and 0.051
for definite or probable registration. This is the impact on the group of firms that
answered the follow-up survey. It therefore removes firms that had closed or that
could not be found easily but still includes some firms that were already formally
registered.

The estimated cost of an inspection is R$64.34, which is based on an estimat-
ed inspection taking 56 minutes per visit plus 17 minutes of travel time (estimates
provided by PBH). The inspectors visited 387 firms (the rest were closed or not
found), so the total cost of inspections is estimated at R$24,900. Taking our esti-
mated impact of 11 to 22 more firms formalizing, the cost per firm formalized is
R$1132–2264. Under the more questionable assumption that our inspections
did not differ from the inspections these firms would have received anyway, the
IV estimates suggest that approximately four additional inspections are required
to get one firm to register for an ALF license, so the estimated cost of formalizing
one firm is approximately R$256.

Annual tax revenue is R$620 for a MEI; based on 4 percent revenue tax on
the average revenue of R$57,000 for newly formalized firms with an ALF, the
annual tax revenue is R$2280. Firms report that firms like theirs typically only
report only half their revenues, which would take the SIMPLES annual tax down
to R$1140. Therefore, it appears that the cost of formalizing a firm in our experi-
ment via inspections would be gained back within the first year of tax payments
(or more than gained back if we consider only the marginal visits under the IV
estimation), with subsequent years of tax payments then a net gain for the
government.

20. Note that this assumes that being assigned to the inspection treatment does not affect

formalization for firms that would have been inspected anyway. This assumption may not hold if the

inspection they would otherwise receive only checked their signage, whereas our inspection also checked

for the municipal license. As a result, we consider these IV results suggestive only.
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However, because our estimates above suggest that the main effects are for
firms that were already partly formal, it is unclear whether all of these tax gains
would be realized in practice. The municipality would gain the fixed renewal
fees, but it is less clear whether these firms would now pay SIMPLES taxes. Even
if they did, the municipality (which pays for the municipal inspectors) only re-
ceives a share of this additional revenue, with the remainder going to the state
and federal governments. Apart from the annual inspection tax, under SIMPLES,
municipalities only directly obtain tax revenue from service firms.21 One compo-
nent of the SIMPLES tax, called the ISS, is 2 percent of revenues on the first
R$180,000 of revenues and 2.79 percent after that. Therefore, the municipality
could gain approximately R$570 per year from formalizing a typical service firm
in our sample. This result suggests that the municipality could benefit from well-
targeted attempts to formalize service firms, but our results also suggest that this
can be difficult in practice.

Comparing Actual Impacts with Expectations of Treatment Impacts

A standard question regarding impact evaluations is whether they deliver new
knowledge or merely formally confirm the beliefs that policymakers already have
(Groh et al. 2012; Hirshleifer et al. forthcoming). To measure whether the results
differ from what was anticipated, in January 2012 (before any results were
known), we elicited the expectations of the Descomplicar team regarding what
they thought the impacts of the different treatments would be. Their team ex-
pected that 4 percent of the control group would register for SIMPLES between

TA B L E 5. Instrumental Variable Estimates of the Impact of an ALF Inspection
on Formalization

Dependent variables all for formalizing after intervention started

Definitely Definitely or Definitely Definitely or
Got Most likely Formalized Most likely
ALF got ALF Formalized

Reports receiving an ALF inspection 0.204 0.265* 0.214 0.222
(0.127) (0.136) (0.148) (0.157)

Observations 1,100 1,100 1,100 1,100

Notes: Robust standard errors in parentheses, clustered at block level. *, **, and *** indicate
significance at the 10, 5, and 1 percent levels, respectively. Regressions also control for randomiza-
tion strata and are only for the control group and firms assigned to receive inspectors. Assignment
to receive an inspector is used as an instrument for receiving an inspection. Table 2 provides this
first stage.

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

21. Municipalities also receive part of the taxes that go to federal and state governments indirectly

through transfers from these levels of government back to the municipality. However, we ignore this

indirect component, which is based on a complicated revenue-sharing procedure that does not depend

only on municipal tax takes.
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the baseline and follow-up surveys. We see from table 4 that this is an overesti-
mate of the SIMPLES registration rate, but given the change in MEI require-
ments, it is in line with the combined SIMPLES and MEI registration level.

The communication-only group was expected to double this rate so that
8 percent would register, the free-cost treatment would lead to 15 percent regis-
tering, and the inspector treatment would lead to 25 percent registering. The
team did not expect there to be any indirect inspector effect and so expected that
only 4 percent of the untreated firms in the inspector blocks would register. The
zero or negative impacts of the communication and free-cost treatments are
therefore surprising. The overall impact of the inspector treatment is much lower
than expected but is in line with the IV estimates, suggesting that the
Descomplicar team has a reasonable sense of what to expect when an inspection
actually occurs but may have overestimated the amount of new inspections that
would take place. Their expectation of a lack of impact for the indirect inspector
treatment was also accurate.

Impacts on Trust and Attitudes towards Government

De Mel et al. (2012) offer Sri Lankan firms monetary payments to get them to
formalize and find that one outcome of formalization is that firms have more
trust in local government. In their case, formalization is much cheaper and
quicker than firms had believed. They note that one possible reason for this in-
crease in trust was that firms experienced better services from the government
than they had expected, whereas an alternative could be that they were less
afraid of being shut down after registering.

Our follow-up survey asked firms about their trust and views of government.
Individuals were asked on scale of 1 to 10 how much they trusted different
actors, where 10 denoted the most trust and 1 denoted the least trust. They were
also asked whether they believed that government acts in the interests of the
people or in its own interest. Table 6 reports the results of estimating the impacts
of our treatment assignments on these outcomes. We see a strong contrast to the
results in Sri Lanka: the attempts at formalization in Belo Horizonte appear to
have generally worsened trust in government. The results for the communication
and free-cost treatments all remain significant after controlling the false discovery
rate at a ¼ 0.10, whereas the impact of the free-cost treatment on believing the
government acts in its own interests also remains significant when controlling the
false discovery rate at a ¼ 0.05.

The impacts are not that large: a reduction of 0.3 to 0.5 points on a 10-point
trust scale, which represents a 0.1 to 0.15 change, and an increase of 4 to 10 per-
centage points in the likelihood that firm owners think the government acts in its
own interest rather than in the interests of the people. Nevertheless, in an envi-
ronment of widespread informality, efforts to reach out to particular firms and
bring them into the formal system using either carrots or sticks may run the risk
of increasing distrust in government if firm owners do not see any benefits from
being brought into this formal system. The distrust effect is more significant for
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TA B L E 6. Impacts on Trust and Views of Government

Communication vs Control Blocks Inspector vs Control Blocks

Inspector Indirectly
Sample Control Free Cost Communication Sample Control Assigned Inspected

Size Mean Difference Difference Size Mean Difference Difference

Trust state governor 805 4.89 20.304 20.602** 1,374 4.81 20.376* 20.524**
(0.296) (0.288) (0.223) (0.238)

Trust state officials 799 4.28 20.584** 20.566* 1,362 4.00 0.124 20.0686
(0.297) (0.300) (0.229) (0.218)

Trust state and municipal inspectors 793 4.43 20.263 20.585** 1,360 4.23 0.0695 20.167
(0.280) (0.233) (0.236) (0.208)

Believe people in govt. act in own interests 733 0.77 0.106*** 0.0848** 1,238 0.80 0.0569** 0.0400
rather than interests of the people (0.0355) (0.0346) (0.0282) (0.0292)

Notes: Standard errors in parentheses, clustered at the block level. *, **, and *** indicate significantly different from control mean at the 10, 5, and
1 percent levels, respectively, after controlling for randomization strata. Sampling weights are used for the Inspector vs Control blocks comparisons.
Coefficients in bold remain significant applying the Benjamini-Hochberg (1995) procedure within a family of outcomes to control false discoveries.

Source: Authors’ analysis based on data described in text.
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information and free-cost efforts than for the inspection treatment, possibly
because a government initiative that invited individual firms to register is different
from usual activities and appears to have aroused suspicion.

C O N C L U S I O N

Despite reforms that make it faster and simpler for informal firms in Brazil to
register, the majority of firms remain informal. Although simply paying firms to
formalize has been found to have large impacts on formalization rates in
Sri Lanka, this approach is unlikely to be on the policy menu for most govern-
ments. Instead, governments can use a range of carrots and sticks to attempt to
bring firms into the formal sector. Our experiment tests some of the most
common ones: informing firms, making it cheaper for them to register, and in-
creasing the enforcement of rules. Our findings suggest that sticks rather than
carrots seem more effective at getting firms to formalize, but we also find limits
to this approach.

The process of registering in Belo Horizonte still requires more steps and com-
plications than in a number of other countries that have pursued entry reforms.
In addition to facing taxes, firms that do register face a relatively large cost in
terms of the need to hire an accountant. Faced with these costs of being formal, it
appears that few informal firms want to formalize unless they are forced to do so
by enforcement. We are unable to measure whether firms benefit from being
forced to formalize because the number of firms induced to formalize is too
small, and our follow-up survey suffered from high item non-response on sales
and profits questions. However, evidence from other countries (McKenzie and
Sakho 2010; de Mel et al. 2012) suggests that although some informal firms
benefit from formalizing, the majority appear not to. Being informal is thus
likely to be privately optimal for many firms.

This finding suggests three directions for government policy. The first is to re-
consider where it is desirable to even attempt to bring these firms into the formal
sector. It may not make much sense for the smallest firms, but given the limited
tax base and the fact that firm owners with revenues in the range that qualifies
for SIMPLES are likely to be at least in the middle of the income distribution,
there may be a public benefit to formalizing these firms even if there is no private
benefit. Formalization may also bring other wider benefits, such as reducing a
“culture of informality” and allowing more efficient reallocation by protecting
formal firms from “unfair competition” from less efficient informal firms. The
second avenue for policy is to further simplify the ease of formalizing and, more
importantly, to revisit the need for an accountant, which dramatically increases
the cost of being formal. Efforts to link formality with access to government pro-
grams and bank financing might help to induce some firms to register, but many
firms will not benefit from such approaches. Improved enforcement is thus the
third part of policy efforts. Our research shows that enforcement can induce for-
malization, but there are limits. Rather than having separate inspectors for
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different forms of registration, having municipal inspectors who are able to
enforce municipal, state, and federal registration should have stronger impacts.
Furthermore, given that many of the firms the inspectors said they had closed
were open again at the time of our follow-up survey, there appears to be scope
for improving the degree of enforcement that inspection actually entails.
Combining enforcement with carrots may offer the greatest impact because firms
may be far more receptive to information and lower costs of registering when
they have an enforcement incentive to register.
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Economic Shocks and Subjective Well-Being:
Evidence from a Quasi-Experiment

Jacob Gerner Hariri, Christian Bjørnskov, and Mogens K. Justesen

This article examines how economic shocks affect individual well-being in developing
countries. Using the case of a sudden and unanticipated currency devaluation in
Botswana as a quasi-experiment, we examine how this monetary shock affects individu-
als’ evaluations of well-being. We do so by using microlevel survey data, which—
incidentally—were collected in the days surrounding the devaluation. The chance
occurrence of the devaluation during the time of the survey enables us to use pretreat-
ment respondents, surveyed before the devaluation, as approximate counterfactuals for
post-treatment respondents, surveyed after the devaluation. Our estimates show that the
devaluation had a large and significantly negative effect on individuals’ evaluations of
subjective well-being. These results suggest that macroeconomic shocks, such as un-
anticipated currency devaluations, may have significant short-term costs in the form of
reductions in people’s sense of well-being. JEL codes: E50, H0, I31, O23

Few tasks are more important in the social sciences than discovering the sources
of human well-being. While this remains a contested issue (Frey and Stutzer
2000; Clark et al. 2008; Frey 2008; Bjørnskov et al. 2010; Deaton 2012), the
question of whether “money buys happiness” attracts particular attention, no
doubt because of the seemingly paradoxical finding—first reported by Easterlin
(1974, 1995)—that income growth is not associated with corresponding increas-
es in happiness and well-being (Clark et al. 2008; Easterlin et al. 2010).
However, recent work has emphasized that subjective well-being does seem to
fluctuate with banking and financial crises (Deaton 2012; Bjørnskov 2014;
Montagnoli and Moro 2014) and macroeconomic factors like inflation, unem-
ployment, and gross domestic product (GDP; Oswald 1997; Di Tella et al. 2001,
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2003; Stevenson and Wolfers 2008; Kahneman and Deaton 2010; Sacks et al.
2012a), providing some support for the claim that income is correlated with hap-
piness and well-being.

In this article, we contribute to this literature by examining how macroeconom-
ic shocks affect individual well-being. Using the case of an unanticipated and
rapidly implemented currency devaluation in Botswana—a middle-income
country in sub-Saharan Africa—we examine how individual evaluations of well-
being respond to such a monetary policy shock. We do so by analyzing microlevel
data from the Afrobarometer, which happened to be in the field conducting inter-
views for a survey at the time when the citizens of Botswana were exposed to the
news of the national currency devaluation. Specifically, two days into the survey—
late in the day on May 29, 2005—the central bank of Botswana and the Ministry
of Finance and Development Planning issued a public statement saying that the na-
tional currency would be devaluated by 12 percent, with effect from the following
morning.1 Our analysis exploits the fact that the chance occurrence of the devalua-
tion creates a clear demarcation between respondents surveyed before the devalua-
tion and respondents surveyed in the days following the devaluation.

The incidental occurrence of the central bank’s intervention during the time of
the survey provides us with a quasi-experimental research design allowing us to
examine the effect of a monetary shock on subjective evaluations of well-being.
However, the fact that the devaluation was an unanticipated shock—a claim we
will validate later—is not sufficient to treat it as exogenous. Identification of
the causal effect on subjective well-being requires that the devaluation—the
treatment—is orthogonal to the error term, that is, uncorrelated with other
factors that may affect the outcome. As we discuss in detail below, this assump-
tion may not be satisfied unconditionally due to geographically imbalanced
sampling of respondents in the pre- and post-treatment groups, caused by a shift
in the sampling of respondents from urban to rural areas in the days surrounding
the devaluation. However, since we can identify and measure the source of
nonrandom treatment assignment with relative precision, the exogeneity of the
devaluation is plausible conditional on adjusting for the urban-rural shift.

On this assumption, our results show that the devaluation caused an instant
and observable discontinuity in the data. The change in reported levels of well-
being occurred literally overnight, reflecting that individuals’ responses were im-
mediate and most likely based on expectations about the future consequences of
the devaluation. Thus, respondents in the treatment group—surveyed after the
devaluation—report levels of well-being that are both substantially and signifi-
cantly lower than respondents in the control group—surveyed immediately
before the devaluation. This result is robust to adjusting the data for nonrandom
treatment assignment in various ways and to centering the sample on the discon-
tinuity in the data created by central bank intervention. However, we also report

1. Press Release, 17:00 hours, Sunday 29 May 2005, issued by the Ministry of Finance and

Development Planning.
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evidence that respondents with more education and larger consumption of
media news react more strongly to the policy shock, suggesting that the effect of
monetary shocks may be conditional on individuals’ information and cognitive
sophistication.

The article contributes to the broader literature on the determinants of indi-
vidual happiness and well-being (Oswald 1997; Dolan et al. 2008; Frey 2008;
Bjørnskov et al. 2010). It is also closely related to contributions linking macro-
economic variables like GDP and inflation to subjective well-being (Di Tella
et al. 2001, 2003; Stevenson and Wolfers 2008; Deaton 2012). In particular,
our results support the conclusion of Di Tella et al. (2003: 823) that “macro-
economics matters,” at least with respect to monetary shocks. However, the
quasi-experimental nature of our design distinguishes it from standard correla-
tional studies, which mostly regress well-being or life satisfaction on some poten-
tially endogenous micro- or macrolevel explanatory variable. The “shock
nature” of the currency devaluation allows us to avoid most of the problems
caused by the usual endogeneity of macroeconomic and policy variables like
GDP and inflation (Besley and Case 2000; Di Tella 2003). In this respect, our
article adds to the small literature using large-scale exogenous shocks to study
changes in subjective well-being (e.g., Frankenberg et al. 2003; Frijters et al.
2004; Montagnoli and Moro 2014).

The rest of the paper is structured as follows. Section 2 outlines theoretical
mechanisms linking currency devaluations to subjective well-being. The research
design and the experimental situation are described in section 3. Section 4 intro-
duces the data, and section 5 provides empirical estimates of the effects of the
devaluation. Section 6 concludes.

I . D E VA L U A T I O N A N D S U B J E C T I V E W E L L - B E I N G

The response of individuals to the news of a devaluation might depend on at
least two different mechanisms—price responses and a signaling mechanism.

Price Responses and Expectations

First, following a devaluation, the prices of imported consumer goods will in-
crease. If contracts are written in foreign currency—in the case of Botswana most
likely South African rand or US dollars—the price increase will be virtually im-
mediate. If contracts are denoted in Botswana Pula, the price correction may
occur gradually as import contracts are renegotiated over a period of weeks or
months to reflect the new exchange rate. Depending on the price elasticity of the
good, the degree of competition in the product market, and the availability of do-
mestic substitutes—all of which would reduce the price response—some (or all)
of the price increase will be reflected in proportionately increasing consumer
prices. The devaluation thus makes imported goods more expensive and there-
fore reduces real wages for the population at large. Since Botswana is a net
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importer of food and other consumables like fuel and energy from, for example,
South Africa (Rakotoarisao et al. 2011), the economic costs of the currency
devaluation mainly accrued to consumers, at least in the short term.

Second, the general price level is also likely to increase following a devaluation
for two reasons associated with the price of domestically produced goods and
services. One is that the devaluation affects final goods through its effect on
import prices of raw materials and intermediate goods. By increasing input
prices in production, the devaluation affects the prices of final goods that are pro-
duced domestically but relies on imported raw materials or intermediates. The
second reason is that an import price increase is likely to cause an increase in the
demand for domestically produced substitutes (or near-substitutes). As such
pairs of goods tend to have substantial cross-price elasticities, the price of substi-
tutes is also likely to increase proportionally to the devaluation.

These price effects are likely to affect individuals and households to approxi-
mately the same extent. However, household reactions to the shock can differ
substantially, as documented by Frankenberg et al. (2003). In particular, one
might expect that households directly engaged in the production of near-
substitutes to imports may benefit in the medium-run, as demand patterns react
to the changing relative prices. Conversely, all households would be harmed by a
general drop in aggregate demand and an increase in uncertainty, making it diffi-
cult from a theoretical angle to make any systematically heterogeneous predic-
tions (see Montagnoli and Moro 2014).

Although price increases may occur immediately following the news of a
currency devaluation, they do not adjust fully or instantly to their new equilibri-
um. Subsequent changes in subjective well-being are therefore likely to at least
partially reflect expectations about the future (Graham 2008; Guriev and
Zhuravskaya 2009; Sacks et al. 2012b). If prices of imported goods increase,
price changes will take place almost instantly. Changes in economic expectations
can therefore occur very rapidly given that individuals rely on consumption of
imported final goods. If the general price level increases, the inflationary effects
of the devaluation are likely to spread over time to most goods and services and
lead to changes in expected and actual economic well-being for larger segments
of society. However, the speed of adjustment of expectations is likely to depend
on individuals’ economic and cognitive sophistication. If individuals have little
information about the economy, their economic expectations are likely to adapt
gradually as the consequences of the devaluation become observable in prices,
real wages, and unemployment risk. In contrast, if individuals have sufficiently
sophisticated mental models of the economy, a devaluation enables the forma-
tion of rational expectations (Muth 1961; Phelps 1967) that change rapidly after
the news of the devaluation but presumably before the actual changes in absolute
or relative prices. In this case, individuals with more sophisticated mental models
of the economy will be better at foreseeing the consequences of devaluation and
thus change their expectations earlier and more precisely. The extent to which
people form and internalize expectations of how the economy is likely to develop
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in the longer run also depends on their cognitive sophistication, as well as infor-
mation obtained from past experiences with similar policy shocks.

Signaling and Uncertainty

Another type of mechanism may also affect individuals’ well-being. As stressed
by Graham (2011), well-being is not only affected by individuals’ current status
and expectations of the immediate future but also their perceived uncertainty.
A devaluation announcement might therefore have two additional effects.

First, relatively well-informed individuals are probably able to assess the direc-
tion of the price effects that we described above but may only have a vague idea
about their magnitude. Policy changes with complex consequences, such as de-
valuations, may thus release a perceived demand for insurance of some kind,
which in all forms must reduce current consumption possibilities. Whether
this demand can be covered in actual insurance markets is questionable in
middle-income countries. A likely consequence of a perceived and unanticipated
increase in uncertainty is therefore likely to be an increase in either current
savings or changed savings behavior in the near future. In either case, expected
consumption and economic welfare is likely to decrease (Graham 2011).

Second, the announcement of a devaluation can easily be taken as a signal
that the economy is moving in a direction that is inconsistent with individuals’
prior information. With limited information on the state of the domestic
economy and less knowledge and information about that of major trading part-
ners and the general world economy, governments’ policy decisions may work
as signals of the direction of economic change. Changes such as devaluations
can therefore be perceived as signals of future economic slowdown—particularly
by more well-informed citizens—that induce changes to expectations and
financial plans.

These nontechnical theoretical considerations lead us to expect the following:
First, people’s evaluations of subjective well-being will on average decrease fol-
lowing a devaluation, all else equal. Second, however, since price effects may not
materialize immediately and signals from government policy changes may be
complex, we also expect that individuals with more sophisticated mental models
and more complete information are able to form more accurate predictions of
the consequences of a devaluation, and that their self-reported well-being will
respond more strongly to the news of a devaluation. Against this background, we
proceed by describing the quasi-experimental design.

I I . Q U A S I - E X P E R I M E N T A L R E S E A R C H D E S I G N

Late in the afternoon on May 29, 2005, the Bank of Botswana—the country’s
central bank—and Botswana’s Ministry of Finance and Development Planning
issued a press release stating that the national currency—the Pula—would be de-
valuated by 12 percent against a basket of international currencies, with effect
from the following morning, May 30, 2005. The central bank’s decision to
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devaluate the Pula came as a shock to the general public, the business communi-
ty, and currency markets in Botswana, as we will show in more detail below. Our
research design exploits this sudden and unanticipated intervention to examine
the effect of economic shocks on individuals’ subjective well-being. We are able
to do so because, incidentally, the devaluation occurred during the period where
the Afrobarometer—an independent research project conducting surveys of
political and social issues in Africa—was interviewing a representative sample
of citizens in Botswana.2 The chance occurrence of the devaluation two days
into the survey demarcates the sample of respondents into a treatment group
surveyed after the intervention and a control group surveyed immediately before
the intervention.3

The terms “natural” and “quasi” experiments are often used in an imprecise
and interchangeable sense. However, we advertently refer to the Botswana deval-
uation as a quasi-experiment and distinguish it from natural experiments. While
a common feature of natural and quasi experiments is that an intervention gener-
ated by some force outside the control of the researcher assigns subjects into
treatment and control groups (Meyer 1995; Robinson et al. 2009), the defining
characteristic of natural experiments is that treatment assignment occurs in a
random or ‘as-if’ random way (Dunning 2008, 2012). However, as emphasized
by Cook and Campbell (1979) and Achen (1986), what distinguishes
quasi-experimental designs from natural and controlled experiments is that as-
signment to treatment is nonrandom, which means that the treatment and
control groups are imbalanced—or nonequivalent—at the outset. This means
that even a macroeconomic shock, for example, a surprise devaluation, may not
be strictly exogenous because nonrandom treatment assignment may make
treatment status correlated with other factors that affect the outcome. In a regres-
sion framework, nonrandom assignment to treatment may therefore imply that
treatment status is not statistically independent of the error term—at least
not unconditionally—and that confounding is a potential challenge to a causal
interpretation of the estimated treatment effect.

While the survey data we use are a random and representative sample of
1200 adult citizens in Botswana, the key source of nonrandom assignment to
treatment and control is that the sampling of respondents before and after the
devaluation is geographically imbalanced. Overall, 216 respondents—corre-
sponding to 18 percent of the sample—were surveyed before the devaluation (the
control group), while 984 respondents were surveyed after (the treatment group).
However, pre-treatment respondents are predominantly from the capital of

2. The data are published as part of the third round of the Afrobarometer. Technical details on the

sampling of respondents and the methodology of the survey are available on the Afrobarometer website

http://afrobarometer.org/. See also Bratton et al. (2005) for descriptions of the Afrobarometer, and Mattes

(2007) for a discussion of survey research in developing countries.

3. The survey started on May 28 and ended on June 12, 2005. Since the devaluation was announced

late in the afternoon (17:00 hours) on May 29, no interviews started after the announcement of the

devaluation (the final interview began at 16:57 hours).
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Botswana—Gaborone—and from urban areas more broadly. Specifically, 63
percent of the pre-treatment respondents were from Gaborone; 85 percent were
from urban areas. In the two days following the devaluation, only 10 percent of
the respondents were from urban areas. Therefore, the treatment coincides with
a shift in the sampling of respondents from urban to rural areas, which is also
likely to correlate with respondents’ evaluations of their living conditions and
well-being. Part of the treatment effect might therefore be due to preexisting dif-
ferences in subjective well-being between people in rural and urban areas, or may
arise if, for example, more confident, optimistic, or resourceful individuals self-
select into cities and urban areas (cf. Cook and Campbell 1979; Achen 1986).

Despite this initial imbalance between the control group and the treatment
group, there are at least two reasons to believe that we can plausibly mitigate the
consequences of nonrandom assignment. First, since we can identify the source
of nonrandom treatment assignment—geographically imbalanced sampling—
with relative precision, we can also go a long way towards making the treatment
and control groups comparable by adjusting for the relevant covariates. As we
explain in more detail below, we do so in a number of ways; most importantly by
controlling for whether respondents live in urban or rural areas; by excluding re-
spondents in the Gaborone area; and by zooming in on the discontinuity in the
data generated by the devaluation. Second, since the imbalance between the pre-
and post-treatment groups is a result of the fact that the Afrobarometer simply
happened to conduct interviews mainly in Gaborone and urban areas prior to
the devaluation, we can rule out other sources of nonrandom treatment assign-
ment caused by the actors generating the data. First, it is highly implausible that
the Afrobarometer’s timing of the survey was related to the central bank’s deci-
sion to devaluate in any way, or vice versa. Second—and more importantly—
there is little reason to believe that respondents could somehow sort or directly
self-select into treatment or control, since they did not have the information, in-
centive, or capacity to do so (cf. Dunning 2012: 236). Indeed, qualitative evi-
dence suggests that people in Botswana did not have any prior information about
the central bank’s decision to devaluate. For instance, media reports by the
Mmegi (The Reporter)—an independent Botswana newspaper—and the BBC in
the days following May 29, 2005, consistently refer to the devaluation as a “sur-
prise” or “shock.” One report notes that the reduction of the value of the Pula
“has taken consumers by surprise.”4 In another report, a woman being inter-
viewed in the wake of the devaluation said that “this information should be dis-
seminated while we can act. This was a pre-emptive action.” These statements
clearly suggest that the central bank’s intervention was a surprise move to citi-
zens. Indeed, even business actors in currency markets—who should, a priori, be
among the most likely candidates to be well-informed about a monetary policy

4. “Labour Slam ‘Surprise’ Pula Devaluation,” Mmegi, May 31, 2005. “Botswana Devalues the

Pula,” BBC News, May 31, 2005. “Consumers Shocked at Effect of Pula Devaluation,” Mmegi, May 31,

2005.
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intervention—expressed great surprise at the news of the devaluation. For in-
stance, a BBC report stated that “Botswana has surprised the currency market by
devaluating the Pula by 12%.” On May 31, 2005—the day after the devaluation
became effective—the Mmegi newspaper quoted a chief executive officer
of Stockbrokers Botswana—a registered member of the Botswana Stock
Exchange—for saying that “the move has taken the market by surprise, particu-
larly the magnitude of the devaluation and the timing.”5 A few days later,
Stockbrokers Botswana (2005) issued a briefing paper commenting on the deval-
uation. While the company acknowledged the potential benefits of the devalua-
tion to import-competing domestic producers and export companies, for
example, the mining industry, it also stated that “we take issue with the brute
force of the devaluation. It may have been more appropriate to introduce the
new mechanism, explain it, and then take steps to devalue to the desired level
in a more measured fashion. This would allow corporates and investors to
plan for the adjustments and reduce the shock premium that the move will
command. The danger is that where the market is shocked it will overreact . . .”
(Stockbrokers Botswana 2005: 1).

This qualitative evidence supports two important points: First, neither the
devaluation nor its timing was anticipated by the general public, and not even by
businesses operating in currency markets. In that sense, it was an “exogenous”
economic shock to citizens and the outcome we study, subjective evaluations of
well-being. Second, although citizens are able to self-select into categories (like
living in an urban area) that are correlated with treatment assignment, neither
respondents nor the Afrobarometer had information, incentive, or capacity to
decide whether respondents were interviewed before or after the devaluation,
making direct self-selection into treatment highly improbable. Rather, the
currency devaluation by the Bank of Botswana was an event that demarcated
the respondents of the Afrobarometer survey into two groups, not because
of the knowledge or decisions of respondents, but simply by chance. In
Appendix S1, we provide further tests of the equivalence of the treatment and
control groups on socio-economic background variables (the appendix is avail-
able at http://wber.oxfordjournals.org/). Appendix S2 and S3 also show results
from regression and matching for observations that are on common support on
the propensity score. These results do not change the main conclusions below.

I I I . D E VA L U A T I O N A N D W E L L - B E I N G : S I M P L E P R E - A N D

P O S T - T R E A T M E N T C O M P A R I S O N S

To get a sense of the differences between pre- and post-treatment groups, this
section shows the simple relationship between exposure to the devaluation and
subjective well-being, as well as the development in food prices in the months
surrounding the devaluation. The latter is important because it illustrates the

5. ‘Devaluation Hits Low-Income Earners, Mmegi, June 6, 2005.
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most plausible mechanism connecting the currency devaluation to individuals’
evaluations of well-being.

As dependent variable, we use respondents’ answers to the following question:
“In general, how would you describe: Your own present living conditions?”
Answers are given on a scale consisting of the categories “very bad,” “fairly
bad,” “neither,” “fairly good,” and “very good,” where high values denote good
living conditions. While the literature often uses questions concerning “life satis-
faction” (Deaton 2008, 2012; Bjørnskov et al. 2010; Kahneman and Deaton
2010; Asadullah and Chaudhury 2012), the question we use asks respondents to
evaluate their present living conditions on a scale from “very bad” to “very
good,” which is clearly a constitutive feature of subjective well-being.6 We there-
fore use this question to measure subjective well-being.7

Figure 1 shows a simple time-series plot of respondents’ average evaluations
of their present living conditions (subjective well-being) for each day of the
survey. Figure 2 shows a plot of the development in an index of food prices from
July 2004 to September 2006, with the value of September 2006 indexed at 100
(Central Statistics Office 2008). The vertical lines indicate the timing of the
devaluation. As is clearly visible in Figure 1, upon the devaluation of the Pula,
there is an immediate and substantial drop in respondents’ average evaluations of
living conditions in the magnitude of 0.16 on a scale from 0 to 1. Compared to
individuals surveyed prior to the devaluation, the subjective well-being of people
surveyed after the devaluation was much lower. The immediacy of this drop in
well-being is important too, as prices are unlikely to have adjusted very much
already on the first day after the devaluation. While there were media reports of
upward re-pricing by retailers and a consequent “shock of skyrocketing prices”8

shortly after the devaluation, the price level of consumables did not fully adjust
to its new equilibrium within the short period where the survey data were collect-
ed. As shown in Figure 2, food prices developed as expected in the months fol-
lowing the devaluation. While the food price index was relatively stable in the
year preceding the devaluation, it increased dramatically in the year after the
devaluation. This suggests that people’s reaction to the devaluation—the drop in

6. We note that although the wording is not identical to most surveys asking about the satisfaction

with life as a whole, the two questions tend to produce quite similar results. Using the 2011 wave of the

World Values Survey in Ghana, we note the similarity between the regular life satisfaction question and a

question specifically on satisfaction with one’s financial situation. Less than 5 percent of respondents who

declare themselves satisfied with their financial situation (rating it 8–10 on a 1–10 scale) declare

themselves unsatisfied with their life as a whole.

7. The Afrobarometer also contains a related question, asking respondents to evaluate their living

conditions relative to other people. Replications using this variable—evaluations of relative living

conditions—does not change our findings substantially or statistically. Detailed results are available upon

request. We do not think the two variables are sufficiently distinct to treat them as alternative measures,

partly because questions asking people to rate their situation relative to others may pick up absolute and

not relative differences (Karadja et al. 2014), and partly because the two living conditions questions are

asked immediately after each other, which may make responses quite similar.

8. “Consumers Shocked at Effect of Pula Devaluation,” Mmegi, May 31, 2005.
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FIGURE 1. Subjective Well-Being Around Time of Devaluation

Notes: Vertical line shows timing of devaluation. Dashed curves are 95% confidence intervals.
Source: Authors’ analysis based on data sources discussed in text.

FIGURE 2. Food Prices in Period Surrounding Devaluation

Notes: Vertical line shows timing of devaluation. m1 ¼ January; m7 ¼ July.
Source: Authors’ analysis based on data sources discussed in text.
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their evaluations of subjective well-being shown in Figure 1—is in large part
driven by (qualitatively correct) expectations about the effects of the devaluation.
Indeed, while the price effect of the devaluation materialized over months, there
are good reasons to believe that people in Botswana knew what to expect,
because 16 months earlier—in early February 2004—the Bank of Botswana also
implemented a 7.5 percent devaluation of the Pula. While this did not make the
May 2005 devaluation any less of a shock to people in Botswana, the prior expe-
rience with the consequences of a sizeable currency devaluation means that
people may have rationally updated their expectations concerning the effects of
the devaluation rapidly, even though the consequences of the May 2005 had not
fully materialized at the time of the survey.

Figure 2 illustrates a second important point, namely that the Pula devaluation
increased the price of imported food products and consumables in general,
making consumers the major losers of the devaluation. A likely causal mecha-
nism linking the currency devaluation to subjective well-being is therefore
(expectations about) the development in prices, particularly the price level
of food and consumables. During the time of the Afrobarometer survey in
Botswana in late May and early June 2005, this was a very salient feature of the
devaluation to the Batswana. In a report in the Mmegi newspaper, several people
being interviewed who were employed in various low-wage jobs expressed
concern at the consequences of the devaluation. A taxi driver reportedly stated
that the expected price increases “. . . will have a devastating impact on our busi-
ness and the economy at large.” In the same report, another employee is quoted
for saying that “putting food on the table will empty wallets” and that “I am
concerned and feel impoverished.” These examples suggest that people in
Botswana had clear expectations about what consequences the devaluation
would have for the price level of consumables and, therefore, for their own well-
being. They also suggest that the expectations of increasing prices could be an
important factor driving individuals’ feelings of being impoverished and are
therefore the most likely causal mechanism linking the currency devaluation to
the drop in subjective well-being we observe in Figure 1.

Although the relationship between the Pula devaluation and subsequent
drops in subjective well-being is clear in Figure 1, we can use pretreatment obser-
vations as approximate counterfactuals for post-treatment observations only on
the assumption that the devaluation is a plausibly exogenous shock to the citi-
zens of Botswana. Given the imbalanced sampling of the pre- and post-treatment
groups, the plausibility of the exogeneity assumption of course requires that we
successfully condition on relevant confounders, most importantly by adjusting
for rural-urban differences between the two groups as discussed above. However,
as we show in the next section, neither the urban-rural shift nor a range of
other potential confounders can fully account for the observed drop in subjective
well-being following the devaluation. Detailed descriptions of all variables used
in the econometric analyses along with summary statistics are available in
Appendix S4.
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I V. E M P I R I C A L R E S U L T S

To estimate the effect of the currency devaluation on subjective well-being, our
econometric analyses use models for continuous and categorical data. First, we
treat the dependent variable as continuous by converting the categorical respons-
es into a variable that assigns a number to each response. Following this strategy,
we construct a variable, which holds the values 0, 0.25, 0.5, 0.75, and 1 corre-
sponding to the five response categories and use this as our dependent variable in
a series of linear regressions.9 As an alternative, we maintain the categorical
nature of the data and estimate an ordered logit model, using the appropriate
link function. In what follows, we report the coefficients of interest using both es-
timators to show that the results are qualitatively identical. Our starting point is
the following linear regression model.

yi ¼ aþ dTi þ bXi þ ei; ð1Þ

where the dependent variable, yi, is respondent i’s evaluation of her present
living conditions; Ti is the devaluation treatment indicator; and Xi is a vector of
controls. The identifying assumption in (1) is that that T and e are orthogonal,
Cov(T, e) ¼ 0, conditional on X, where the most import element in X is respon-
dents’ rural-urban status. Throughout, standard errors are regionally clustered to
allow for arbitrary correlation among respondents living in the same region.
Table 1 shows the results.

Main Results

Panel A in Table 1 show results obtained using OLS regressions. Panel B shows
the treatment coefficient from identical specifications obtained using ordered
logit regressions. Throughout all models in Panel B, the ordered logits confirm
the basic conclusion from the linear models of a negative association between the
devaluation and respondents’ evaluations of their living conditions. Since the
results are substantially similar, we comment only on the results in Panel A.

Column (1) in Panel A shows the unconditional association between the treat-
ment and respondents’ evaluation of their living conditions. The point estimate
of the treatment effect is negative and with a magnitude about 16 percentage
points corresponds to the finding in Figure 1. The association is highly significant
and corresponds to 60% of a standard deviation. In columns (2) and (3), respec-
tively, we include an urban dummy and a capital (Gaborone) dummy. This
serves to immediately alleviate concerns that our results are in fact driven by a
shift in the sampling of respondents from urban (predominantly Gaborone) to
rural areas. In column (2), the urban dummy barely changes the estimated asso-
ciation. In column (3), the Gaborone dummy does attenuate the association

9. This effectively amounts to a rescaling of the numerical values assigned to each response in the

Afrobarometer survey such that our variable runs in the interval from 0 to 1.
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TA B L E 1. The Effect of the Devaluation on Perceived Living Conditions

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

Panel A: Least
Squares

Dependent variable: Subjective evaluation of living conditions

Treatment 20.16*** 20.14*** 20.09*** 20.12*** 20.16*** 20.13*** 20.16*** 20.15*** 20.12*** 20.14*** 20.07***
(0.035) (0.035) (0.028) (0.025) (0.032) (0.027) (0.042) (0.059) (0.028) (0.030) (0.025)

Botswana economic
condition

0.11*** 0.09***
(0.012) (0.013)

Own past economic
situation

0.08*** 0.05***
(0.007) (0.008)

Male dummy 20.03*
(0.012)

Urban dummy 0.05*** 0.00
(0.022) (0.015)

Gaborone dummy 0.12***
(0.026)

Poverty 0.25***
(0.024)

Age 20.01*
(0.002)

Age squared 0.00*
(0.000)

Unemployment 20.02*
(0.012)

No children 0.02
(0.029)

District fixed effects No No No Yes No No No No No No No
Tribal fixed effects No No No No Yes No No No No No No
Occupational FE No No No No No Yes No No No No No
Sample centred on

discontinuity
No No No No No No Yes Yes No No No
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TABLE 1. Continued

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

Observations 1,198 1,198 1,198 1,198 1,198 1,198 375 216 1,152 1,188 1,109
R-squared 0.053 0.061 0.061 0.105 0.105 0.113 0.070 0.068 0.267 0.150 0.362
Panel B: Ordered logit
Treatment 21.07*** 20.89*** 20.62*** 20.91*** 21.12*** 20.91*** 20.97*** 20.97*** 20.93*** 20.97*** 20.65***

(0.206) (0.207) (0.167) (0.212) (0.202) (0.158) (0.230) (0.314) (0.174) (0.178) (0.195)

Sources: Authors’ analysis based on data sources discussed in text. Treatment denotes the Pula devaluation. Days before devaluation are coded as 0; days
after devaluations are coded as 1. All models contain a constant term (not reported to save space). Robust standard errors clustered at the region level in
parentheses. *** p , .01, ** p , .05, * p , .1.
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somewhat, but it remains sizeable and statistically significant. In the next section,
we tackle the fundamental problem of nonrandom assignment in more depth.

In column (4) we proceed to include a full set of dummies for the geographical
regions of Botswana registered by the Afrobarometer to remove as much idiosyn-
cratic geographical variation as possible in how respondents evaluate their living
conditions. The association drops marginally to 0.12 and remains negative and
highly significant. In columns (5) and (6), we include fixed effects for respon-
dents’ tribal affiliation (column [5]), and for each of the 25 occupational catego-
ries available in the Afrobarometer survey (column [6]). In both cases, the
association between the devaluation treatment and subjective well-being remains
substantively and statistically significant.10

In columns (7) and (8) we zoom in on the discontinuity in the data, i.e. the
days immediately surrounding the devaluation. We do so to minimize the likeli-
hood that some unobserved event occurring after—and close to—the treatment
is confounding the results. In column (7), we focus on the four days surrounding
the devaluation (two days before, two days after); in column (8) we focus on the
first day before and the first day after the devaluation. This drastically reduces
the sample size, but it does not change the main result: The size of the treatment
coefficient is virtually unaffected as is its level of statistical significance. That is,
zooming in on narrow bands around the discontinuity generated by the devalua-
tion does not change the negative association between the devaluation treatment
and subjective well-being.

In column (9), we control for respondents’ assessments of the country’s eco-
nomic conditions, since this could plausibly affect how they perceive their own
living conditions by supplying a signal of the existence of an overarching macro-
economic problem. The treatment coefficient barely changes, however, and
remains highly significant. In column (10), a control has been added for how re-
spondents perceive their own past personal economic situation. This shows that
even after removing the effect of respondents’ past economic situation, there is a
very sizable and significantly negative change in the perception of living condi-
tions following the Pula devaluation.

Finally, in column (11) both of these controls have been included together
with the urban-rural indicator variable, gender, age and age squared, as well as a
measure of poverty.11 While this lowers the coefficient of interest to 20.07, it is

10. In addition, we have experimented with categorizing particular occupations as export-exposed.

However, we cannot know whether individuals within those occupations are indeed engaged in export

activities or not. Furthermore, for any clear theoretical implication to hold, we would need to know

whether the Marshall-Lerner condition holds in the short run for the particular occupation. As results are

as mixed as the theoretical prerequisites, we refrain from showing them.

11. The poverty index is based on the work of Bratton et al. (2005) and measures poverty as

respondents’ experience with lack of access to five basic types of household necessities: food, water,

medicine, fuel to cook food, and cash income (Justesen and Bjørnskov 2014). The index comprises the

sum of these five survey items. A principal component analysis show that all five items load onto the same

component (alpha¼0.74).
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still highly significant and substantive, corresponding to approximately a third of
a standard deviation. Since these observable variables are unable to account for
the negative effect of the devaluation, we do not suspect that equally important
unobservables are driving the estimated effect.

Tackling Nonrandom Treatment Assignment

As mentioned above, there are systematic differences between pretreatment and
post-treatment responses since the former group was predominantly from urban
areas (particularly the capital, Gaborone). This provides reason for caution
because the shift from urban to rural respondents could plausibly coincide with a
drop in evaluations of living conditions if, for example, more confident or opti-
mistic individuals self-select into urban areas. While we dealt with this issue
above, this section provides further tests that tackle the issue of nonrandom treat-
ment assignment in more detail. We do so in Table 2 chiefly by removing respon-
dents from the Gaborone area and respondents from urban (or rural) areas in
general from the sample.12

In column (1), we report the basic unconditional association after omitting
all respondents from Gaborone, which reduces the sample from 1,198 to 1,063
respondents. In absolute terms, the coefficient is reduced from 0.16 to 0.09, but
it remains highly significant and shows that the relationship between the currency
treatment and subjective well-being cannot be accounted for by the presence of
respondents from the Gaborone area in the pretreatment group. In column (2),
we continue to exclude respondents from Gaborone but also zoom in on the two
days surrounding the devaluation (the first day before; the first day after). This
does not change the results substantially either.

Column (3) shows the basic unconditional association, this time omitting all
urban respondents. The familiar conclusion obtains also in a sample of rural re-
spondents, which shows that our results are not driven by differences in evalua-
tions of living conditions between urban and rural respondents. The model in
column (4) again omits urban respondents and zooms in on the two days sur-
rounding the devaluation, with little impact on the treatment effect. Column (5),
finally, omits all rural respondents, focusing only on respondents from urban
areas. This also leaves conclusions unchanged. For all model specifications, we
find very similar results using ordered logit instead of OLS (as reported in
Panel B).

To further document that the effect of the devaluation on subjective well-
being cannot be reduced to the shift in the sampling of respondents from
Gaborone to rural areas, we have performed a series of placebo tests, repeating
some of our analyses using data from Round 4 (2008) of the Afrobarometer. In

12. A separate issue is that the treatment divides the sample between weekend and weekdays. If

subjective evaluations were, for some reason, more positive during weekends, our results would be biased

(Helliwell and Wang 2011). However, in further estimates (available upon request) we show that this is

not the case in the present sample or the subsequent fourth round of the Afrobarometer survey in

Botswana.
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these tests, we define a placebo treatment indicator as living outside Gaborone
(or urban areas more generally). If our results were in fact driven by differences
in evaluations of living conditions between respondents in the capital (or urban
areas) and elsewhere, the coefficient on this placebo treatment indicator should
be similar in size to the coefficient on the treatment indicator reported above.
However, as we document in Appendix S5, across various model specifications
the difference between Gaborone and the rest of Botswana is never more than
0.07 in Round 4 of the survey. And in some cases it is both statistically and sub-
stantively indistinguishable from zero.13 With the Round 3 data we use here, in
contrast, the coefficient of interest is consistently significant and negative, in the
magnitude of 20.16. This provides additional confirmation that our results are
not driven by nonrandom treatment assignment of survey respondents. We did
similar placebo tests using as treatment the first two days of the survey from
Round 4 (Appendix S5). This reveals that in Round 4 there was no discontinuity
in respondents’ evaluations of living conditions after two days of surveying.

Conditioning Effects of Information and Cognitive Sophistication

So far we have documented a strong effect of the shock devaluation on subjective
well-being. However, as mentioned earlier, there may be reason to expect that
people with higher levels of information and cognitive sophistication display

TA B L E 2. Robustness Tests

(1) (2) (3) (4) (5)

Panel A: Least Squares Dependent variable: Subjective evaluation of
living conditions

Treatment 20.09*** 20.09** 20.15*** 20.14** 20.13**
(0.028) (0.02) (0.024) (0.021) (0.044)

Excluding Gaborone Yes Yes No No No
Sample centered on discontinuity No Yes No Yes No
Excluding urban respondents No No Yes Yes No
Excluding rural respondents No No No No Yes
Observations 1,063 176 679 128 519
R-squared 0.008 0.027 0.016 0.045 0.051
Panel B: Ordered logit
Treatment 20.63*** 20.64** 21.06*** 20.89*** 20.61*

(0.173) (0.091) (0.129) (0.114) (0.317)

Sources: Authors’ analysis based on data sources discussed in text. Treatment denotes the Pula
devaluation. Days before devaluation are coded as 0; days after devaluations are coded as 1. All
models contain a constant term (not reported to save space). Robust standard errors clustered at the
region level in parentheses. *** p , .01, ** p , .05, * p , .1.

13. Identical results (both in terms of size and significance of coefficients) follow when we use the

distinction between urban and rural rather than Gaborone as distinct from the rest of Botswana. We also

checked whether there were significant differences between urban and rural areas by adding a

rural-treatment interaction. As we found no indications of heterogeneity, we refrain from any further

discussion.
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stronger and more immediate responses to the news of the devaluation.
Specifically, individuals with more informed and sophisticated mental models of
the economy may make more accurate predictions of the consequences of the
devaluation and update their expectations about the future more rapidly. In
Table 3 we examine whether the association between subjective well-being and
the macroeconomic shock depends on respondents’ level of information and cog-
nitive sophistication. To operationalize information we construct a dummy vari-
able where we treat informed respondents as those who report getting daily news
from the radio, television, or newspapers (coded 1). News consumption must be
on a daily basis to moderate the observed drop in subjective well-being already
on the day following the devaluation. If respondents do not follow the news on a

TA B L E 3. Information, Education, and the Effect of the Treatment

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

Panel A: Least squares
Treatment 20.08*** 20.05 20.05* 20.08*** 20.07*** 20.06**

(0.025) (0.029) (0.027) (0.023) (0.020) (0.026)
Daily news consumption 0.16*** 0.15*** 0.13***

(0.007) (0.014) (0.015)
Treatment-news interaction 20.08*** 20.08*** 20.07**

(0.018) (0.024) (0.023)
Education 0.04*** 0.03*** 0.03***

(0.003) (0.003) (0.005)
Treatment-education interaction 20.01** 20.01** 20.01*

(0.005) (0.004) (0.005)
Urban dummy 0.03 0.02 0.02 0.02

(0.021) (0.019) (0.020) (0.019)
Own past economic situation 0.07*** 0.07***

(0.006) (0.006)
Occupational fixed effects No Yes Yes No Yes Yes

Observations 1,196 1,196 1,186 1,194 1,194 1,184
R-squared 0.083 0.135 0.211 0.103 0.133 0.205
Panel B: Ordered logit
Treatment 20.57*** 20.34* 20.37* 20.56*** 20.44*** 20.36*

(0.164) (0.203) (0.203) (0.157) (0.133) (0.189)
Daily news consumption 1.11*** 1.03*** 0.97***

(0.082) (0.100) (0.101)
Treatment-news interaction 20.54*** 20.56*** 20.48**

(0.174) (0.203) (0.193)
Education 0.28*** 0.22*** 0.20***

(0.022) (0.017) (0.038)
Treatment-education interaction 20.08** 20.08*** 20.09**

(0.035) (0.026) (0.044)

Sources: Authors’ analysis based on data sources discussed in text. Treatment denotes the Pula
devaluation. Days before devaluation are coded as 0; days after devaluations are coded as 1. All
models contain a constant term (not reported to save space). Robust standard errors clustered at the
region level in parentheses. *** p , .01, ** p , .05, * p , .1.
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daily basis, we treat them as uninformed (coded 0). As a proxy for cognitive
sophistication, we use respondents’ level of education (see Appendix S4 for
details).

To examine whether information and cognitive sophistication condition the
relationship between the currency devaluation and subjective well-being, we
augment the regression model (1) with, first, an interaction of the treatment indi-
cator and our measure of information and, second, an interaction of the treat-
ment and education, our proxy for cognitive sophistication. Panel A in Table 3
shows results from linear regressions, while Panel B shows coefficients from iden-
tical ordered logit models. As in Tables 1 and 2, across specifications the conclu-
sion that follows from these models confirms the OLS models in Panel A.

Consistent with our expectations, the coefficients in column (1) show that the
association between the devaluation and subjective evaluations of living condi-
tions is stronger if respondents are well informed. Thus, while the coefficient on
the treatment indicator remains significantly negative at 0.08, treated respon-
dents with daily news consumption evaluate their living conditions to worsen by
an additional and significant 0.08. Similar conclusions follow from the specifica-
tions in columns (2)–(3), where controls for urban residence, respondents’ per-
ceptions of their past personal economic situation, and occupation fixed effects
are added. This suggests that individuals with higher levels of information more
quickly update their perceptions of well-being.14

In columns (4)–(6), we interact the treatment indicator with respondents’ edu-
cation. Here we find that higher levels of education strengthen the association
between the treatment and respondents’ negative evaluations of their living con-
ditions. We show this in Figure 3 by plotting the marginal effect of the currency
treatment at different values of education (cf. Brambor et al. 2006) along with 90
percent confidence intervals (indicated by the dotted lines). While the devalua-
tion shock causes a drop in subjective well-being even for people with no formal
education (values of zero on the education variable), Figure 3 clearly shows that
the negative effect increases and becomes more significant as respondents’ educa-
tional level increases.

The conditioning effects of information and education are both intuitive.
In order to understand the effect of a devaluation on (future) living conditions,
people must be reasonably informed about the devaluation and have mental
models that allow them to predict the future consequences of the devaluation.
Even so, the fact that respondents who follow news on a daily basis give more
negative responses following the devaluation need not reflect cognitive sophisti-
cation but can also reflect respondents’ ability to mimic and absorb the evalua-
tion of experts reported in the news. However, higher levels of cognitive

14. The devaluation might plausibly affect rich and poor individuals differentially. Within

occupational groups, however, there are no signs of a heterogenous treatment effect between rich and poor

(results available on request).
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sophistications in the form of education also seem to strengthen the effect of the
devaluation on respondents’ subjective well-being. This probably reflects both
increased consumption of daily news among this group of respondents and that
education increases individuals’ knowledge about the future consequences of the
devaluation and their consequent ability to form rational expectations. Overall,
these results suggest that the devaluation shock did on average result in drops in
subjective well-being for all citizens of Botswana, but that the negative effect is
conditional in nature and larger for people with higher levels of information and
education.

V. C O N C L U S I O N S

This article documents a strong and significantly negative effect of monetary
shocks on subjective well-being. Using the case of a central bank devaluation in
Botswana as a quasi-experiment, our results show that people’s subjective well-
being dropped immediately after the news of the devaluation was released in the
public. As we have documented, this result is extremely robust and persists even
when plausible sources of nonrandom treatment assignment are dealt with. The
results therefore provide robust evidence that monetary shocks in the form of un-
anticipated currency devaluations have a strong and negative causal effect on
how people rate their living conditions and personal well-being.

FIGURE 3. Marginal Effect of Treatment by Educational Levels

Note: Plot based on model (6).
Source: Authors’ analysis based on data sources discussed in text.
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Moreover, people who are well informed through higher levels of news con-
sumption and people with higher levels of education respond more strongly to
the news of the devaluation. This suggests that the effect of monetary shocks on
subjective well-being is conditional on individuals’ levels of information and cog-
nitive sophistication and not merely an effect of real economic change in the very
short run. Given the short time period for which we have data—the days in
which the survey was conducted in Botswana—we cannot say anything about
how quickly well-being might recover following an economic shock like the one
we study. However, our results strongly suggest that macroeconomic shocks,
such as unanticipated currency devaluations, may have significant short-term
costs in the form of reductions in people’s sense of well-being.
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Does Access to Foreign Markets Shape Internal
Migration? Evidence from Brazil

Laura Hering and Rodrigo Paillacar

This paper investigates how internal migration is affected by Brazil’s increased integration
into the world economy. We analyze the impact of regional differences in access to foreign
demand on sector-specific bilateral migration rates between the Brazilian states for the
years 1995 to 2003. Using international trade data, we compute a foreign market access
measure at the sectoral level, which is exogenous to domestic migration. A higher foreign
market access is associated with a higher local labor demand and attracts workers via two
potential channels: higher wages and new job opportunities. Our results show that both
channels play a significant role in internal migration. Further, we find a heterogeneous
impact across industries, according to their comparative advantage on the world market.
However, the observed impact is driven by the strong reaction of low-educated workers to
changes in market access. This finding is consistent with the fact that Brazil is exporting
mainly goods that are intensive in unskilled labor. JEL codes: F16, F66, R12, R23

I N T R O D U C T I O N

A considerable amount of literature provides evidence that a country generally
benefits from opening up to international trade. However, within the country,
these benefits are often unevenly distributed. This can cause a rise in regional
wage disparities, both across and within industries, which may lead to changes in
the spatial distribution of the domestic economic activity.

In this paper, we investigate how internal migration is affected by Brazil’s in-
creased integration into the world economy. More specifically, we analyze the
impact of changes in foreign demand for Brazilian goods on sector-specific bilat-
eral migration rates between the 27 Brazilian states for the years 1995 to 2003.
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In order to identify the effect of international trade on the local labor market
in a specific sector, we compute a region-sector specific measure of foreign
demand, which is derived from a standard gravity equation that can be obtained
from various trade models. The location of the region with respect to its potential
trading partners plays a key role in determining a region’s market access. Firms
located in regions closer to large consumer markets have a higher market access
due to lower trade costs, thereby giving them a competitive advantage in these
markets. An increase in a region’s market access therefore reflects a higher
demand for its products and consequently a higher labor demand.

We show in this paper that an increase in a region’s access to foreign markets
attracts migrants via two channels: i) an indirect effect via an increase in the local
wage premium and ii) a direct effect resulting from the creation of new job
opportunities.

The positive effect of foreign market access on wages is already well docu-
mented for various countries, including Brazil (Fally et al. 2010).1 In this paper
we focus on the second channel, which captures the impact of market access on
migration beyond its effect via a change in local wages.

Higher market access is expected to also have a direct effect on migration es-
sentially due to a higher number of vacancies, which increases the probability of
employment. Alternatively, the type of jobs created as a result of an increased
foreign demand can be considered to be of better quality. In Brazil, as in many
emerging countries, firms in the export industry are preferred employers.2 Next
to a higher employment probability, an increase in the market access variable
can thus also capture long-term considerations in the migration decision. These
aspects are typically excluded when migration is modeled as depending only on
spot wages, which themselves cannot capture the workers’ wage profile or non-
pecuniary aspects linked to the job (Aguayo-Tellez et al. 2010).

Our sector-specific foreign market access measure identifies the net effect of
foreign demand on the local labor market. Note that a positive shock to foreign
market access does not necessarily mean that only jobs in exporting firms will be
created. Due to spillovers or an increase in connected activities (e.g., outsourced
tasks), the increase in demand for exported goods may also lead to a change in
labor demand in non-exporting local firms in the same sector.

The main advantage of our market access measure is that it is by construction
exogenous to domestic factors, such as local labor market regulations or a
region’s comparative advantage in the supply of goods in a specific sector. Thus,
we do not risk confounding the role of foreign demand with local characteristics,

1. The impact of market access on wages is by now well studied empirically. See, among others,

Hanson (2005) for the United States, Head and Mayer (2006) for Europe, and Hering and Poncet (2010)

for China. The theoretical link is modeled explicitly in the so-called “New Economic Geography wage

equation” (Fujita et al. 1999), but Head and Mayer (2011) point out that such wage equations can be

established in numerous trade models.

2. Exporters are likely to offer more long-term employments, propose a steeper wage gradient and

better working conditions (see e.g., Wagner (2012) for an overview).
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in particular the local export capacity, which may be affected by domestic
migration.3

Performing the analysis of bilateral migration at the sectoral level is motivated
by some recent studies on Brazil’s labor market, which present evidence for a
very low sectoral mobility of Brazilian workers (Menezes-Filho and Muendler,
2011; Muendler, 2008). Therefore, in this paper we focus on labor migration
that takes place within sectors.4

The sectoral approach has two important advantages, which we exploit in our
identification strategy. First, in contrast to our sectoral measure, an aggregated
market access variable would be potentially correlated with the evolution of
other unobserved migration determinants that vary over time and across states
(i.e., amenities, price levels, institutional quality). Constructing migration rates
and market access by sector allows us to include year-location fixed effects,
which control for these unobserved location characteristics. Second, this allows
us to study the heterogeneous effect of market access across industries.

Our results show that regional differences in access to international markets
indeed affect internal migration patterns. Foreign demand impacts migration
also directly and not only by means of an increased wage level. These findings
suggest that new job opportunities created by higher foreign demand are impor-
tant location determinants.

Further, our results indicate that the effect of market access is generally stron-
ger, the higher the industry’s comparative advantage is on the world market.

Moreover, we find that the impact of market access on sectoral migration
rates is driven by the low-educated workers. This could be explained by Brazil’s
relative abundance of low-skilled labor. A higher market access represents a
stronger increase in demand for goods intensive in low-skilled labor, in which
Brazil has a comparative advantage on the world market (Muriel and Terra,
2009). Thus, these workers are more likely to be affected by a change in the
foreign demand.

Although several studies explore the link between trade and migration, they
have mostly focused on international migration patterns (cf., for example,
Ortega and Peri, 2013, and Letouzè et al. 2009). Yet, internal migration flows
have a far greater magnitude than international flows and hence may modify a
country’s development path much more sensibly. This is of particular relevance
in fast urbanizing developing countries like Brazil.

Closest to our work is the paper by Aguayo-Tellez et al. (2010), which also
applies to Brazil. These authors show that workers in formal employments are at-
tracted to states with a higher concentration of foreign owned establishments.
We differ from that paper in that we we focus only on employment opportunities

3. This is possible because our approach allows us to separate the foreign demand from a region’s

production and export capacity. By excluding all supply side factors from our market access measure, we

eliminate the possibility of reverse causality between internal migration and international market access.

4. Supplemental appendix S2, available at http://wber.oxfordjournals.org/, provides additional results

on the issue of potential sectoral relocation.
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that are created by a change in foreign demand. However, as explained above,
these new vacancies can also be in non-exporting and domestically owned firms.5

Further, our analysis also includes informal workers, who account for at least
38 percent of the Brazilian workforce (Henley et al. 2009).

A few papers have studied the role of imports in the location choice of indi-
viduals and can be considered as complementary to our work. Kovak (2011;
2013) studies the effect of import competition on internal migration patterns in
Brazil. He finds that regions specialized in industries experiencing larger tariff
cuts see their wages decrease, which in turn triggers outmigration. In the same
spirit, Autor et al. (2013) show how import competition from China affects
local labor markets in the United States. They find that stronger import compe-
tition is associated with a higher reduction in manufacturing employment.
However, their setting requires internal migration in reaction to trade shocks
being negligible.6

E M P I R I C A L M E T H O D O L O G Y

The empirical specification of our migration equation is based on an additive
random utility model.7 Every individual k from location i maximizes the indirect
utility Vkij across all possible destinations j. In a general utility differential ap-
proach, the individual location choice Mkij can then be written as:

Mkij ¼ 1 if and only if Vkij ¼ maxðVki1; : : :;VkiJÞ; otherwise Mkij ¼ 0:

The indirect utility Vkij can be decomposed as follows:

Vkij ¼ Xijbþ jij þ ekij ð1Þ

where Xij are the characteristics of location j. The subscript i is included, as char-
acteristics of j can vary across original locations i (e.g., bilateral distance). b is a
vector of marginal utilities and jij represents unobserved location characteristics.
The idiosyncratic error term ekij is included to allow individuals from the same
origin to choose different locations. We make the standard assumption that this
error term follows an i.i.d. Type I extreme value distribution.

5. In our empirical analysis, the presence of exporters and foreign owned firms is controlled for via

location-year fixed effects.

6. Note also that their proxy of trade exposure is only region-time specific. Since we exploit the

sectoral dimension and control for location-time fixed effects, we automatically account for this measure.

7. This model choice is standard in the recent migration literature and is used, for example, in Grogger

and Hanson (2011) and Kovak (2011). For a detailed description on the derivation of the empirical

specification see Bertoli and Fernández-Huertas Moraga (2013).
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Given that individuals select the location that maximizes their utility, the
probability that an individual from i will choose destination j is defined by

PrðVkij . VkimÞ 8j = m ð2Þ

Replacing the indirect utilities by their definitions of equation 1 and
rearranging terms, the probability that individual k will move from i to j is
given by:

Prðekij � ekim . Ximb�Xijbþ jim � jijÞ 8j = m ð3Þ

McFadden (1974) shows that under the assumption of an i.i.d. extreme
value distribution of the individual error term, migration probabilities can be
expressed as

PrðMkij ¼ 1Þ ¼
expðXijbþ jijÞ

S
J
j¼1expðXijbþ jijÞ

¼ sij ð4Þ

Following Berry (1994), this individual migration probability can be interpreted
as the share of individuals from i migrating to j, sij. Similarly, the share of stayers
of region i, sii, can be written as

PrðMkii ¼ 1Þ ¼ expðXiibþ jiiÞ
S

J
j¼1expðXijbþ jijÞ

¼ sii ð5Þ

Dividing equation 4 by equation 5 and taking the log yields

ln
sij

sii

� �
¼ ln

expðXijbþ jijÞ
expðXiibþ jiiÞ

� �
¼ bðXij �XiiÞ þ jij � jii ð6Þ

We now have an aggregate discrete choice model that accounts for unobserved
location characteristics j and whose parameters can be estimated using conven-
tional linear estimation techniques.

To obtain our empirical specification, we add the time dimension t and the
sectoral dimension s and replace the vector X with our location-sector specific
variables of interest.8 This gives us our first benchmark specification:

lnmijst ¼ ln
sijst

siist
¼ aþb1DMAijs~tþb2Dwijs~tþFEijþFEstþFEitþFEjtþ 1ijst ð7Þ

8. Here we make the implicit assumption that workers do not switch sectors, and thus their migration

decision depends only on state characteristics (e.g., price level) or the characteristics of their own sector

(e.g., sectoral market access).
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mijst is the observed migration rate between state i and j for sector s in the house-
hold survey of year t. It is simply defined as the number of migrants going from i
to j divided by the number of stayers. Individuals are considered as migrants
when they declare having lived five years ago (t – 5) in a different state than their
current state of residence. Since we do not know the exact moment of migration,
all independent variables are constructed as means over the years t–4 to t–1.
This is indicated by the index ~t.9

Our main variable of interest is the market access gap between states i and j

for sector s, DMAijs~t ¼ ln
MAjs~t

MAis~t
. An increase in this variable makes state j relatively

more attractive, either because of i) a higher wage level or ii) new job opportuni-
ties (more or better jobs). We can isolate the second channel by including the
wage gap, Dwijs~t, in our benchmark specification. Adding the wage variable has

an additional important advantage: it also captures other sector and time
varying characteristics of the local labor market that we cannot observe but
which are potentially correlated with foreign market access (e.g., sector-specific
productivity differentials).

A lower number of available jobs typically also corresponds to a higher unem-
ployment rate. But a higher unemployment rate can also reflect limitations on the
labor supply side or a mismatch on the local labor market between vacancies and
job seekers. While in some specifications we explicitly include regional differences
in unemployment rates, our benchmark estimation includes FEit and FEjt, which
correspond to origin-year and destination-year dummies. These account for time-
varying differences across states, including the unemployment rate, amenities or
price levels, which are also considered to be important determinants of migration.

Bilateral fixed effects FEij take into account time-invariant specificities con-
cerning migration between two particular states (e.g., moving costs, migration
networks). FEst represents sector-year fixed effects.

In the presence of these numerous sets of fixed effects, we identify b1 by ex-
ploiting the variation of market access within the same pair of states over time
and across industries. The exact ranking of market access across states or sectors
is therefore not of importance.

By definition, 1ijst is a i.i.d. bilateral error term. However, using equation 6 it
can be shown that all 1ijst from the same origin i depend on the same jii. This
leads to a non-zero covariance of 1ijst for observations with the same origin i in
year t. In all our regressions, we therefore cluster our standard errors by the state
of origin-year level. Appendix S3 discusses the assumption of the independence
of irrelevant alternatives (IIA) that is underlying our model.

9. Our benchmark results hold also when specifying our independent variables as four-year lags

instead of the mean over the previous four years.
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M A R K E T AC C E S S : D E R I VA T I O N A N D C O N S T R U C T I O N

Theoretical Derivation of Market Access

In this subsection, we provide the formal definition of market access and how it
can be derived from a standard gravity model of trade.10

According to structural gravity models, exports EXijs in sector s from region i
to partner j can be written as

EXijs ¼ fijsSisMjs ¼ fijs

Yis

Pis|{z}
Sis

E js

P js|{z}
Mjs

ð8Þ

with 0 � fijs � 1. This equation decomposes exports into three components:
The term fijs reflects the accessibility of market j for the exporters from location i
in sector s. A fijs of 1 indicates free trade and fijs ¼ 0 refers to prohibitively high
trade costs and thus zero exports.

The terms Sis and Mjs are often referred to in the literature as the supply and
market capacity. They capture all the considerations that make exporter i a com-
petitive exporter and partner j an attractive destination in sector s. More precisely,
the supply capacity depends on the total output Yis ¼

P
j EXijs of sector s in loca-

tion i, as well as the local firms’ price competitiveness, Pis. The market capacity of
j in sector s depends on location j’s total expenditure on goods from sector s,
Ejs ¼

P
i EXijs, and the prevailing price index in sector s on market j, P js.

The terms Pis and Pjs are the so-called outward and inward “multilateral re-
sistance terms” (Anderson and van Wincoop 2003). These terms take into
account that bilateral trade relationships are affected by competition from third
countries.

Given equation 8, region i’s relative access to every individual market j for

sector s is defined by
Ejsfijs

P js
. Region i’s total market access in sector s can be ob-

tained by summing over all destinations j:

MAis ¼
X

j

E jsfijs

P js
¼
X

j

fijsMjs ð9Þ

MAis measures the overall ease for firms in location i to access all domestic and
foreign markets j in sector s. It represents an expenditure-weighted average of

10. This subsection borrows from the presentation of the general framework in Head and Mayer

(2013). Although initially derived from a trade model of monopolistic competition, these authors show

how market access can be obtained also in other market structures, notably in a setting with perfect

competition and technology differences (Eaton and Kortum 2002), or in trade models accounting for firm

heterogeneity (Chaney, 2008).
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relative access, as it weights the market capacity of each potential destination j by
their accessibility from region i.

By summing only over foreign countries, we obtain an international market
access measure, which solely captures the demand for goods from location i
coming from abroad.

Market Access Calculation

We estimate the market access measure presented in equation 9 via a gravity
trade regression, following Redding and Venables (2004). This methodology is
rarely applied in regional studies because of data limitations: bilateral trade flows
are often unavailable at the subnational level, particularly for developing coun-
tries. Brazil is a fortunate exception since it provides information on internation-
al trade flows at the sectoral level for each of its twenty-seven states.

Our trade data set covers the years 1991 to 2002 and eleven sectors.11 It con-
tains international trade flows between the twenty-seven Brazilian states and 170
partner countries and flows among the 170 foreign countries.

The empirical specification of the trade equation follows from equation 8.
After taking the logs, we obtain

ln EXijs ¼ lnfijs þ ln Sis þ ln Mjs ð10Þ

For the calculation of a sector-state specific market access variable that varies
over time, we estimate equation 10 separately for every sector-year pair.

In the regressions, sector-specific market capacity (Mjs) and supply capacity
(Sis) of every trading partner are captured by sector-importer (FMjs) and sector-
exporter (FXis) fixed effects. fijs can be specified using different measures of
trade costs. Specifically, we consider bilateral distance (dij), whether partners
share a common border (Bij), the presence of a free trade agreement between the
two trading partners (RTAij) and whether the two are members of the WTO or
its predecessor GATT (WTOij). Since we estimate the trade equation separately
for every sector-year pair, we can drop the subscript s. Our empirical specifica-
tion of the trade equation can then be written as

ln EXij ¼ d ln dij þ l1Bij þ l2RTAij þ l3WTOij þ FXi þ FMj þ nij ð11Þ

where nij is a random bilateral error term.
In total, we run 132 regressions (12 years � 11 sectors). Given that all coeffi-

cients and fixed effects are allowed to vary over time and across sectors, this
enables us to build a time-varying market access specific for each state-sector
combination.

11. For details on sectoral classification and data sources for the variables used in this section see

appendix S4.1 and S4.2.
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Market access for state i in sector s in year t is built by weighting each predict-
ed market capacity, dMjst, by the estimates of the corresponding bilateral trade
costs, dfijst. These weighted market capacities are then summed up to one single
variable per state-sector pair:

MAist ¼
X

j

dfijst
dMjst

¼
XR

j

expðcdst ln dij þdl1stBij þdl2stRTAijt þdl3stWTOijt þ dFMjstÞ
ð12Þ

We sum over R countries, where R includes only foreign countries and not the
Brazilian states. This way, market access exclusively captures the foreign demand
addressed to each Brazilian state.12 Market access thus differs from predicted
exports as it excludes the local supply capacity.

Our measure can be considered exogenous to bilateral migration rates since all
effects of internal migration on the states’ exports (imports) are captured by the
estimates of the export (import) capacities of the Brazilian states. These are
however not included in our measure. By excluding the exporter fixed effects, we
ensure that our measure is exogenous to all domestic factors that affect the state’s
export supply capacity, such as its comparative advantage in sector s, the local
infrastructure or changes in the labor force.13

By focusing on foreign market access we eliminate the possible reverse causali-
ty that can arise when immigrants raise local consumption and hence the local
market capacity: a local shock inducing the arrival of additional migrants may
increase consumption in the host region and thus domestic market access but
does not affect the access to foreign markets.

Finally, also the variables to proxy trade costs can all safely be regarded as exoge-
nous to internal migration within Brazil (at least for the time horizon under study).

Table A-1 summarizes by industry the coefficients obtained from the trade re-
gressions (equation 11). Coefficients on the trade cost variables have the expected
sign, and magnitudes are in line with the literature (cf. Head and Mayer, 2013).
However, there are some important differences across sectors, in particular in the
distance coefficient. The last column summarizes the time varying importer fixed
effect, representing the sector-specific market capacity of each destination
country. Appendix S1.1 provides some descriptive statistics. Appendix S1.2 cal-
culates various alternative market access measures.

12. To be consistent across sectors and years, each MAis is constructed using the estimated market

capacities and trade costs of always the exact same one hundred countries. These are the countries that

import goods from all sectors in all years and thus provides us for all sector-year combinations with the

necessary estimates for trade costs and importer fixed effects.

13. We present also robustness checks including the difference in the states’ exporter fixed effects as

control variable (Dsupplyijs~t), to verify that our market access coefficient is not correlated to supply

factors.
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H O U S E H O L D S U R V E Y D A T A

Our main data set is the yearly household survey Pesquisa Nacional por Amostra
de Domicilios (PNAD) collected by the Brazilian Institute of Geography and
Statistics (IBGE). The PNAD does not follow individuals but interviews a differ-
ent random and representative sample of residents each year (between 310,000
and 390,000 per year). We use the PNAD for the years 1992 to 2003 (with data
missing for 1994 and 2000).14

Migration Rates

We identify an individual as a migrant when the answer given to the question “In
which Brazilian state did you live five years ago?” differs from the actual state of
residence. Our sample is limited to individuals who declare having a job in a
tradeable sector, earning a positive wage, having lived in Brazil five years ago and
being between twenty and sixty-five at the time of the interview.

We distinguish eleven tradeable sectors that can be matched with the trade
data and construct bilateral migration rates separately for each sector.15 We do
not have any information about the individual’s work five years ago. Nevertheless,
as argued above, we can make the reasonable assumption that individuals
already worked in the same sector as in the year of the survey. Bilateral migration
rates are then defined as the number of migrants from state i to j over the number
of workers that stayed in state i and declare working in sector s at the time of the
interview. In table 3, we rely on sectoral migration rates constructed separately
by educational attainment. The workers are treated as highly educated if they at-
tended high school for at least one year; otherwise they are regarded as low edu-
cated.16

Despite the presence of a relatively high number of zero migration flows
among the states, the PNAD is considered to be representative of overall migra-
tion rates and thus adequate for studying migration patterns within Brazil (Fiess
and Verner, 2003; Cunha, 2002). In robustness checks, we will also address the
problem of unobserved flows by running Poisson-Maximum-Likelihood estima-
tions including zero-flows.17

In our final data set, close to 3 percent of the individuals have moved states at
least once within five years prior to the interview. Even though most of the mi-
grants are low qualified in absolute terms, the highly educated individuals are the

14. In 1994 the PNAD was not conducted because of a strike. 1991 and 2000 were years of the

population census.

15. See appendix S4.1 for details on the industrial classification.

16. In our empirical analysis, we exclude migration rates that are constructed with less than six

observations. Results are robust when maintaining all observed flows and when omitting the top five and

bottom five percent of migration rates. Also, using a sample limited to household heads yields overall very

similar results (available upon request).

17. We have 7722 potential origin-destination-sector cells (27� 26� 11) but observe at least one

positive migration rate for only 1748 cells. In the Poisson estimations we replace all missing values with

zeros for these 1748 sector-origin-destination combinations.
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more mobile throughout the years (2.75 percent versus 3.53 percent). Table A-2
compares interstate mobility across sectors. Whereas less than 3 percent of the
workers in basic metals, machinery, textile, and agriculture migrated within the
last five years, this percentage is above 4 percent in the wood industry.

Sector-State Specific Wages

Our key control variable is the sector-specific wage gap, Dwijs~t. This variable ac-
counts for most sector-state specific characteristics of the Brazilian labor market
(such as sectoral and regional variations in employment regulations and labor
productivity). Moreover, it controls for the indirect impact of market access on
migration.

However, due to endogeneity concerns, we do not rely on the observed
average wage levels. The main potential source of endogeneity in our case stems
from self-selected migration. The personal characteristics (e.g., education, age)
that drive the location choice are also major wage determinants. Thus, the ob-
served wage level in a region depends on the composition of the local labor force,
including the immigrants. We treat this issue by correcting for self-selected mi-
gration, following the methodology developed by Dahl (2002).18

Dwijs~t is constructed from estimates of a modified Mincerian wage equation
that is run separately for every state-year combination jt.19 The obtained parame-
ters on the individual characteristics are then used to predict wages that each in-
dividual k would potentially earn in each of the twenty-seven states in year t. The
effect of sector-specific market access on the wage level is accounted for by sector
fixed effects.

The final wage gap for year t is defined as

Dwijst ¼dwijst �dwiist ð13Þ

where dwiist is the average of the predicted wages that all individuals k in sector s
who actually lived in i five years ago would earn in state i in year t. dwijst uses the
same set of individuals k and is defined as the average of the predicted wages in
year t that all workers in sector s coming from state i would have potentially
earned in state j (regardless of whether in year t they actually live in j or not).

This aggregation method keeps the composition of the labor force constant
across the states, since the same individuals are used for computing the regional

18. This approach has become standard in the recent migration literature. For a most recent study see

Bertoli et al. (2013). For a detailed description of the methodology see Dahl (2002).

19. We regress individual hourly wages over the standard wage determinants age, age squared,

education, gender, ethnic group, and sector dummies plus an individual correction term. The correction

terms are the individuals’ migration probabilities as proposed by Dahl (2002). The individual probability of

moving from i to j is constructed using only observed personal characteristics (educational attainment, age

group, gender, family status, and state of origin). By adding a polynomial of these migration probabilities to

the wage equations, we get consistent estimates of the coefficients on the wage determinants. Estimation

results of the wage equations are available upon request.
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wage at the origin and at the destination. Thus, differences in regional wage
levels are only due to variations in the estimated parameters of the wage equa-
tions and not to the composition of the labor force.20

There is however one remaining source of potential reverse causality, which
results from the possibility that with more sizeable immigration levels, migrants
may exert a negative impact on the local wage level. But so far, studies concern-
ing the impact of migration on wages are not conclusive and indicate either a
weak positive or neutral effect.21 Moreover, bilateral flows, compared to total
immigration, can be considered of small magnitudes, which justifies the assump-
tion that general equilibrium effects are of second order. Therefore, we are confi-
dent that our wage variable is not subject to important endogeneity concerns,
even though it is not directly addressing all general equilibrium issues.

In table 3, we use migration rates that are constructed separately for highly
educated and low-educated workers. Here, the wage variable takes different
values for the different educational groups e. Dwe

ijst is constructed as in equa-
tion 13 but takes the average of the predicted wages only for the relevant group
of workers.

M A I N R E S U L T S

Sector-Specific Market Access and Migration Rates

In column 1 of table 1, we start by estimating a standard model of migration
with a reduced set of fixed effects. Instead, next to sector-specific wage gaps, we
also take into account the regional differences in unemployment rates, Duij~t, pop-
ulation size, Dpopij~t, and homicide rates, Ddeathij~t.

22

Homicide rates are considered as a proxy for crime and security. For both the
unemployment gap and the difference in homicide rates, we expect a negative
impact. The expected sign of population is ambiguous. Although there are more

20. Note that Dwijst is constructed using predicted wages in levels and not in log, as do Grogger and

Hanson (2011). When repeating our main estimations with the wage variables in log, wages are not

significant and market access shows a higher coefficient. Overall, this would not affect our general

conclusions on market access. However, given the highly significant results for wages in levels, we believe

that wages in this form are the relevant variable for the estimation of the location decision of workers in

Brazil.

21. In order to explain these findings, more complex models have been proposed that take into

account investment reactions or other adjustment channels to migration (Dustmann et al. 2013; Moretti

2011). Accounting for all of these general equilibrium effects would require a careful treatment of the

potential interactions between wages, the housing sector, and investment, among other potential

outcomes. Yet, preliminary work by Morten and Oliveira (2014) indicates that these alternative

adjustment channels are of little overall importance for Brazil.

22. See appendix S4.3 for the sources of the additional control variables and the construction of the

unemployment rate.
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jobs available in large states, there are also possible congestion costs. In column 1,
all coefficients have the expected sign and are significant, except for the popula-
tion variable.23

Column 2 contains our preferred specification described in equation 7. Here
we include destination-year and origin-year fixed effects to control for time and
state varying variables like the price index or the presence of foreign owned
firms. Despite the addition of these controls, the magnitude of the coefficient of
market access decreases only slightly and remains significant at the 1 percent
level. The observed effect here corresponds to the impact that market access has
on migration beyond its indirect impact via the wage gap.

This direct effect can be interpreted as the consequence of improved job oppor-
tunities generated through several mechanisms. Notably, this direct effect of inter-
national demand could be the result of the growth in the number of vacancies, an

TA B L E 1. Sectoral Market Access and Bilateral Migration

Dep. variable:
ln(migrantsijst/stayersiist)

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

benchmark I PPML
DMAijs~t 0.617a 0.571a 0.745a 0.983a 0.846a 0.544a

(0.086) (0.097) (0.116) (0.259) (0.280) (0.114)
Dwijs~t 0.251a 0.311a 0.170a 0.041 0.294a

(0.044) (0.048) (0.056) (0.033) (0.050)
Duij~t 20.262a 20.268a

(0.077) (0.066)
Dpopij~t 20.031 20.368

(0.745) (0.621)
Ddeathij~t 20.129c 20.078

(0.074) (0.061)
Dsupplyijs~t 0.034a

(0.009)
FEij yes yes yes yes yes yes
FEst yes yes yes yes yes yes
FEit & FEjt yes yes yes yes
FEis & FEjs yes
Observations 4183 4183 4183 13927 4183 3798

Heteroskedasticity-robust standard errors clustered at the state of origin-year level appear in
parentheses. a, b and c indicate significance at the 1%, 5% and 10% confidence levels.
Source: Authors’ analysis based on data described in the text.

23. We do not adjust standard errors for the fact that the market access and wage variables are

themselves estimated. Bootstrapping standard errors is prohibitive given the already considerable

computational requirements for the construction of each of these variables.
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increase in the tightness of the labor market or more “high quality” jobs.24 Due to
the lack of more detailed data, we cannot identify which is the exact channel, but
all of these would increase the utility of workers in this state and thus attract more
migrants.

In column 3, we repeat our benchmark estimate but exclude the wage variable.
This specification captures the joint effect market access has on migration via the
two possible channels: higher wages and more job opportunities. As expected,
the coefficient of market access is higher and remains highly significant, when
wages are excluded.25

Since our empirical specification derives from an aggregate discrete choice
model (grouped logit model), the estimated coefficients cannot be directly inter-
preted as marginal effects. To find the partial effect of a change in a location
characteristic on the migration probability between two states, we need to differ-
entiate equation 4 with respect to the Xij of interest, which can be written as:

@sijst

@Xijst
¼ bsijstð1� sijstÞ ð14Þ

To evaluate the importance of the direct effect of market access on domestic mi-
gration, we replace b with the estimated coefficient of market access and sijst with
the observed migration probabilities. Equation 14 then tells us how the probabil-
ity of migrating from state i to any state j in sector s in year t is affected by a
change of 1 percent in the sectoral market access gap.

The values of the elasticities for the 4183 observations in our benchmark spec-
ification (column 2) range from 0.0003 to 0.14, with an average elasticity of
0.012. For an increase of 1 percent in the market access gap, this translates into a
substantial growth of 34 percent to 57 percent in the number of migrants for
each observation. Using the estimates from column 3, which consider the joint
effect via both channels, this increase reaches 44 percent to 74 percent.

The last three columns of table 1 provide robustness checks. Column 4 repli-
cates our benchmark estimation using the Poisson Pseudo-Maximum Likelihood
estimator (PPML) to deal with the high number of zero-migration flows. The co-
efficient of our key variable of interest remains highly significant, confirming the
positive impact of market access on migration rates. The large standard error in

24. Helpman et al. (2010) develop a model that may lead to another possible explanation for our

finding of a significant market access coefficient next to a significant wage gap: When firms do not react to

an increase in market access by opening more positions but with screening more intensively to obtain a

better match, this may attract suitable candidates from other regions. When this mechanism is not fully

capitalized into wages, our market access coefficient could represent the better matching between

employers and employees provoked by deeper trade integration.

25. All main results hold also when using destination-origin-year fixed effect instead of

destination-year, origin-year, and origin-destination dummies (results available upon request). Table S1.3

presents some sensitivity analyses of our benchmark equation on our market access measure, with overall

similar coefficients. Table S2.1 shows that all main results hold for a subsample of workers in

sector-specific occupations only.
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column 4 indicates that even though the coefficient is higher than in the previous
estimates, the magnitude is not significantly different from the one in the bench-
mark equation.26

Columns 5 and 6 address the concern that the positive coefficient on market
access could reflect state j’s comparative advantage in the export supply of a par-
ticular sector s if these two are correlated. To make sure that our variable of in-
terest is indeed capturing regional differences in access to foreign markets,
column 5 includes sector-destination and sector-origin dummies, which account
for sector-region specific characteristics, such as a potential comparative advan-
tage of state i in sector s.27 Our market access coefficient remains comparable to
the previous estimates. However, the parameter of the wage gap becomes very
small and turns insignificant. This suggests that even though wages vary a lot
between sectors and states, the yearly variation within sector-state combinations
is relatively low, which makes it difficult to identify the effect of wages on migra-
tion in the presence of these additional fixed effects.

In column 6, we add an additional variable (Dsupplyijs~t), which captures the
difference between regions in their capacity to supply goods in sector s. This vari-
able is the four years average of the estimated exporter fixed effect for each
Brazilian state in sector s from the gravity trade equation (equation 11) and cap-
tures the supply capacity of each exporting region. The higher the comparative
advantage of a state in sector s, the higher its supply capacity. Even though the
coefficient of this variable is positive, we do not want to give it a strong causal in-
terpretation, as this measure is likely to be endogenous to domestic migration.28

A highly significant coefficient of market access also in these last two specifica-
tions gives us further confidence that the spatial structure of foreign demand
matters and that our results are not driven by any local comparative advantage in
a specific industry correlated with our market access variable.

Heterogeneous Impact by Industries

Workers in different industries might react differently to changes in market
access. This could arise, for example, from a different degree of dependence of
the industries on foreign demand or different labor market structures across in-
dustries affecting the mobility of workers. To test empirically for heterogeneity
in the role of market access in the migration pattern, we allow the coefficient of
market access to vary across all eleven industries.

26. The data set in column 4 consists of all the 1748 sector-origin-destination combinations for which

we observe a positive migration flow for at least one year. The panel is not entirely balanced since we

exclude fifty-seven migration rates because i) they are constructed with less than six individual

observations; or ii) we do not have wage data for the origin-sector combination.

27. We exclude here the origin-year and destination-year fixed effects to reduce the number of fixed

effects. Including all sets of dummies would substantially reduce the variation left to explain.

28. The number of observations in column 6 is reduced since not all Brazilian states have been

exporting in all sectors during our sample period. As a consequence, we cannot estimate all the sector-year

specific exporter fixed effects for each state.
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In column 1 of table 2, all sectors, except Electrical & Electronics, exhibit a
positive and significant coefficient. This shows that the positive effect of market
access that we found before is not driven by any particular sector. Column 2 also
allows the coefficient on the sector-specific wage variable to vary by industry.
Although this decreases the magnitudes of the market access coefficients, these
estimates confirm the findings of column 1.

TA B L E 2. Market Access Impact by Sector

Dependent variable:

ln(migrantsijst/stayersiist)

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

High: comparative advantage industries
DMAijs~t � Agriculture 2.949a 20.018

(0.435) (0.298)
DMAijs~t � Food 1.377a 0.924b

(0.451) (0.424)
DMAijs~t �Wood 2.334a 1.474a

(0.433) (0.383)
DMAijs~t � Plastic & non-metallic 0.522a 0.234c

(0.136) (0.134)
DMAijs~t � Basic metals 1.028a 0.529a

(0.197) (0.183)
(bH) DMAijs~t � Strong Adv 0.810a 0.829a

(0.150) (0.152)
Medium: no comparative advantage
DMAijs~t �Mining 1.062b 0.915a

(0.467) (0.340)
DMAijs~t � Textiles 2.008a 1.564a

(0.241) (0.218)
DMAijs~t � Chemical & Pharmaceuticals 0.440b 0.263

(0.184) (0.182)
DMAijs~t �Machinery and others 0.785a 0.378b

(0.153) (0.161)
(bM) DMAijs~t �Medium Adv 0.570a 0.596a

(0.118) (0.118)
Low: comparative disadvantage
DMAijs~t � Paper & Printing 0.658a 0.442a

(0.119) (0.113)
DMAijs~t � Electrical & Electronics 0.226 20.383

(0.331) (0.331)
(bL) DMAijs~t � Low Adv 0.340a 0.302a

(0.106) (0.104)
Observations 4183 4183 4183 4183
H0 : bH ¼ bL (p-value) 0.001 0.000

Heteroskedasticity-robust standard errors clustered at the state of origin-year level appear in pa-
rentheses. a, b and c indicate significance at the 1%, 5% and 10% confidence levels. All regressions
include the fixed effects FEij, FEst and FEit & FEjt. Columns 1 and 3 restrict the coefficient of
sector-specific wage gaps to be the same across all industries. Column 2 and 4 allow the coefficient
of the wage gap to vary across industries in the same way as market access. Wage coefficients are not
reported for the sake of brevity. They are mostly positive and significant. For details on the industry
classification see appendix S4.4.
Sources: Authors’ analysis based on data described in the text.
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Magnitudes of the market access coefficient vary substantially, leading to im-
portant differences in marginal effects across sectors (from on average 0.005 for
Electrical & Electronics to 0.1 for Wood). A first indication for a possible source
of such a variation across sectors lies in the sector’s comparative advantage on
the world market. After Brazil opened itself to foreign trade, certain sectors
started to flourish, whereas others experienced a substantial decline.

The industries in table 2 are categorized into three groups (high, medium, and
low) according to their comparative advantage on the world market.29 Sectors
with an international comparative advantage have on average higher and more
significant coefficients for market access. Columns 3 and 4 repeat the estimations
from the first two columns, but restrict the coefficients so as to be the same for all
industries within a group. The t-test in the bottom line of the table rejects the hy-
pothesis of equality between the market access coefficient of the group with com-
parative advantage and that with a comparative disadvantage.

These results suggest that workers in more international competitive industries
are moving to higher market access regions and taking full advantage of the posi-
tive economic prospects linked to increased exposure to exports. Our findings can
thus help to explain the concentration of certain industries in specific regions.

In contrast, workers in disadvantaged industries seem less sensitive to changes
in foreign market access. Since international demand for their goods is generally
low, better access to foreign markets will have less additional value for workers
in these industries. As a consequence, market access is expected to play a less im-
portant role in the location decision of these workers.

E M P I R I C A L R E S U L T S B Y S E C T O R A N D E D U C A T I O N

In this section, we distinguish between highly educated and low-educated
workers. Figure A-1 displays differences in migrant shares between the two edu-
cational groups for each state for the years 1995 and 2003. Over the sample
period, highly educated migrants were more likely to move to the South and
Northeast, while the Center region has become a more popular destination for
low-educated migrants. These differences in the location choices suggest that the
utility of migrating to a specific state might vary across educational levels.

We thus investigate whether the observed differences in migration patterns
can be explained partly by a heterogeneous impact of sectoral market access, de-
pending on the educational attainment of the individuals.

However, there is no clear theoretical prediction on whether the effect of
market access on migration rates should be stronger for highly educated or low-
educated workers. On the one hand, a more pronounced reaction of highly quali-
fied workers to a change in market access would be in line with the New
Economic Geography model by Redding and Schott (2003). Their model

29. This classification of industries is based on the measure of revealed comparative advantage for

Brazilian industries proposed by Muendler (2007) (for details see appendix S4.4.)
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predicts that higher market access leads to a higher wage premium for skilled
workers. Thus, we could expect that highly educated workers have a stronger in-
centive to go to states with high market access to benefit from the additional
wage premium or a steeper wage gradient in these regions.

On the other hand, numerous theoretical and empirical studies have suggested
that highly educated workers are more sensible to certain region-specific ameni-
ties.30 At the same time, highly educated workers might have better access to
well-paid jobs. From this perspective, higher wages and career opportunities
created by a higher foreign demand could play a minor role in the migration deci-
sion of these individuals.

Fally et al. (2010) show that in Brazil, the states with higher foreign market
access pay low qualified workers relatively more than highly qualified workers.
This finding is in line with traditional trade theory. The Stolper-Samuelson mecha-
nism predicts that in the case of trade liberalization, there should be an increase in
the relative returns of the production factor, which is relatively more abundant in
the country. Thus, in the case for Brazil, we could expect a strong effect of market
access on migration for low-educated workers via the indirect wage channel.

Menezes-Filho and Muendler (2011) and Corseuil et al. (2013) provide a first
indication that trade liberalization could also lead to a strong adjustment via the
direct channel for low-educated workers. Both studies document for Brazil that
higher educational attainment contributes to increased employment durations.
Low-educated workers are thus more likely to be laid off and obliged to move
for new employment.

To test for a heterogeneous role of foreign demand depending on educational
attainment, we adapt equation 7 to allow the coefficient of the independent vari-
ables to be different for highly educated and low-educated workers. Our second
benchmark specification can then be written as

lnme
ijst ¼ aþbHDMAijs~t �HigheþbLDMAijs~t �Lowe

þb3Dwe
ijs~t �Higheþb4Dwe

ijs~t �Loweþ FEe
st þ FEe

ijþ FEe
it þ FEe

jt þ 1e
ijst

ð15Þ

where me
ijst is defined as the number of migrants in sector s belonging to educa-

tional group e in year t moving from i to j divided by the number of stayers. The
dummy High (Low) takes the value one when the migration rate is constructed
with high (low)-educated workers. The wage gap, Dwe

ijs~t
, is calculated using

means of predicted wages that vary across states, sectors and skill groups. As
before, ~t indicates that independent variables are constructed as means over the

30. For example, Levy and Wadycki (1974) have shown that in Venezuela educated individuals tend

to value amenities much more than low-qualified individuals. More recently, Adamson et al. (2004) find

that returns to education for the higher educated workers fall with the population size in US metropolitan

areas, which is also consistent with a skill-biased effect of amenities.
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years t–4 to t–1. To take into account that other migration determinants might
also vary according to educational attainment, all included fixed effects (FEe) are
allowed to differ between the two groups.31

Table 3 reports results on the heterogeneous impact of market access across
educational groups. As in table 1, we display first estimation results for a less re-
strictive specification. Column 1 does not include the state-year fixed effects, but
instead the relative population size, the unemployment gap, and the difference in
homicide rates. Column 2 contains our second benchmark specification (equa-
tion 15) and column 3 excludes the wage variable to obtain the joint effect of

TA B L E 3. Bilateral Migration by Education

Dependent variable:
lnðmigrantse

ijst=stayerse
iistÞ

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

benchmark II
(bH) DMAijs~t �High edu 0.058 0.041 0.071 20.006

(0.062) (0.078) (0.087) (0.091)
(bL) DMAijs~t � Low edu 0.871a 0.917a 1.069a 0.890a

(0.132) (0.151) (0.161) (0.170)
Dwe

ijs~t
�High edu 0.188a 0.233a 0.220a

(0.025) (0.028) (0.030)
Dwe

ijs~t
� Low edu 0.149b 0.202b 0.179c

(0.072) (0.090) (0.099)
Due

ij~t
�High edu 20.148c

(0.083)
Due

ij~t
� Low edu 20.167c

(0.095)
Dpopij~t �High edu 1.073

(0.937)
Dpopij~t �Low edu 20.184

(0.996)
Ddeathij~t �High edu 20.169

(0.118)
Ddeathij~t � Low edu 20.043

(0.069)
Dsupplyijs~t �High edu 0.034a

(0.009)
Dsupplyijs~t � Low edu 0.023b

(0.011)
FEe

ij yes yes yes yes
FEe

st yes yes yes yes
FEe

it & FEe
jt yes yes yes

Observations 4614 4614 4614 4209
H0 : bH ¼ bL (p-value) 0.000 0.000 0.000 0.000

Heteroskedasticity-robust standard errors clustered at the state of origin-year level appear in
parentheses. a, b and c indicate significance at the 1%, 5% and 10% confidence levels.
Sources: Authors’ analysis based on data described in the text.

31. This specification corresponds to splitting the sample between high and low qualified workers.

Migration rates of highly educated workers represent 34 percent of our final sample.
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market access on migration via both channels. Column 4 adds the gap of the
sector-state specific export supply capacity.

In all specifications, the coefficients of the control variables, including wages,
are similar across educational groups. However, the coefficient of market access
is significant at conventional levels only for low-qualified workers. The t-tests re-
ported at the bottom of the table clearly reject the hypothesis of a uniform
impact of market access across educational groups.

In light of our findings, the differences in the observed migration patterns
across educational levels can be partly explained by a different sensitivity to
foreign market access.

Economic opportunities associated with international trade seem most impor-
tant for the location choice of low educated individuals. The strong impact of
market access for low-qualified workers can be explained by the fact that Brazil
is exporting mainly goods that are intensive in unskilled labor. The industries in
which Brazil has a high comparative advantage on the world market exhibit a
higher share of low-skilled workers.32 Consequently, an increase in the demand
for exported goods signifies a higher demand and more jobs for low-educated
workers. Also when controlling for wage differentials, bL remains highly signifi-
cant. This indicates that new employment opportunities created by a stronger
local export activity are indeed important for the location choice of this group.

For the highly educated workers, market access remains insignificant in all
specifications, even if we exclude wages in order to estimate the joint impact of
foreign market access via both channels. The interpretation of this result is less
straightforward since it might be driven by various forces, as explained above.
One possible explanation is that these individuals have, in general, easier access
to “high quality” jobs with good working conditions and career prospects. The
alternative explanation of a predominant role of amenities with respect to eco-
nomic considerations is, however, at odds with the fact that highly educated
workers are also responsive to wage differentials.

S I M U L A T I O N S

Before we conclude, we use the estimated coefficients of column 2 of table 3 to
simulate the implied change in each observed migration rate in response to a pos-
itive shock in the foreign demand for Brazilian goods. This provides more intui-
tion for our results and allows to identify the regions that are particularly
affected by a specific demand shock.

In table 4, we simulate the effects of four different shocks to DMAijs~t. Column
1 reports the average share of immigrants of each state over the sample period.
Columns 2 to 5 show for each state how this share would be affected by these dif-
ferent demand shocks.

32. In the PNAD of 1992, the share of high-skilled workers is highest in the two industries with

comparative disadvantage. The share of skilled workers was lowest in agriculture and wood, which are in

the highest comparative advantage group.
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Marginal effects of market access for the highly educated workers being very
low, the implied change in the number of migrants is driven by the low-educated
workers. Note that the numbers presented in this table correspond to partial
equilibrium effects since our simulation rules out any impact of market access on
migration going through the indirect effect of wage differentials. Also, the model
does not incorporate any potential impacts of migration on housing costs or
other congestion costs.33

TA B L E 4. Effects of Changes in MA

State

Immigrants
(share in local
pop.) (in %)

Positive demand shock in

Decrease in
internal
distance (in %)

Mercosur
(in %)

EU
(in %)

NAFTA
(in %)

(1) (2) (3) (4) (5)

North Rondonia .8 26.5 1.7 5 2.2
Acre 1.4 2.8 .8 .3 1.3
Amazonas .7 21.7 2.6 .6 .9
Roraima 4.2 21.1 21.1 1.5 1.2
Para 1 21.3 2.6 2.2 2.3
Amapa .4 2.6 21.4 1.8 2.2
Tocantins 6.7 21.8 .9 1.2 1

Northeast Maranhao .3 21.6 .8 1.3 2.2
Piaui 1.3 23 1.7 2 .1
Ceara 1 23.4 2.9 1.1 2.1
Rio Grande do N. 1.2 24.4 2.9 1.8 2.6
Paraiba .8 24.1 3.5 .6 0
Pernambuco .6 23.6 3.1 .4 0
Alagoas .4 21 .8 .1 2.1
Sergipe 1.5 23.2 1.9 1.1 .1
Bahia .5 22.7 1.8 .6 2.3

Southeast Minas Gerais .8 2.7 .3 0 2.2
Espirito Santo 1.2 2.7 .5 2.2 2.2
Rio de Janeiro .2 1.3 2.9 2.6 2.4
Sao Paulo .6 3.3 21.9 21.4 21

South Parana 1.2 5.6 22.1 22 6.4
Santa Catarina 1.1 2.8 2.9 21.2 23.9
Rio Grande do S. .7 11.4 25.1 25.1 22.2

Center Mato Grosso do S. 3.8 21.9 .4 .4 2.3
Mato Grosso 3.9 21.2 .1 2.5 .3
Goias 1.6 .8 2.5 21.2 .2
Distrito Federal 4 1.4 2.8 21.5 .6

Sources: own calculations. Immigrant shares in column 1 are the observed shares in the PNAD,
constructed based on the sectors included in our analysis. The changes in the immigration shares in
columns 2 to 5 are obtained with help of the estimates of column 2 of table 3. Column 2 to 4 simu-
late the consequences of an increase by 3% in the market capacity of the corresponding group of
countries. Column 5 assumes a decrease in the internal distance by 10%.
Authors’ analysis based on data described in the text.

33. However, the additional effects mentioned here should play only a minor role. Notably, Morten and

Oliveira (2014) show that congestion costs associated with housing would be negligible in the case of Brazil.
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The first scenario supposes an increase of 3 percent in the demand coming
from the Mercosur members (Argentina, Uruguay and Paraguay).34 This increase
in the relative importance of the Mercosur countries affects states differently.
Notably the increase in market access of the Southern states which are closer to
the Mercosur partners will be higher than for the Northern states. The resulting
change in the market access gap between two states impacts directly the bilateral
migration rates. When summing over all sending states, sectors, and the two edu-
cational groups, we can calculate the total number of additional immigrants a
state will receive. Column 2 shows that states in the South will see the most im-
portant increase in their share of immigrants, whereas the North and Northeast
are relatively less well connected to these markets and will attract less migrants.

Columns 3 and 4 repeat the exercise for an increase in 3 percent of the
demand coming from one of the other two main destinations of Brazil’s exports,
respectively the European Union and the NAFTA countries.

Results are different here: for these two scenarios it is the Southern states that
will see the strongest decrease in the share of immigrants. In contrast, the geo-
graphic proximity of the Northern and the Northeastern states to the European
Union and NAFTA countries leads to an important increase in their market
access and hence in the immigration share of these states.

These changes in migration patterns in response to a change in the access to
foreign demand illustrates well how much the spatial structure of the domestic
economy is influenced by what happens abroad.

In the last scenario (column 5), we consider a decrease in the internal distance
to the next harbor by 10 percent, i.e., a reduction in bilateral trade costs (fij).
This improves relatively more foreign market access of inland states.

This last finding also has implications for domestic policies: the reduction in
internal distance can also be interpreted as an improved domestic infrastructure
that facilitates the access to the sea for the inland states. However, as our results
point out, policy makers aiming at regional development need to be aware that
due to the country’s integration into the world economy the effects of their mea-
sures can be reinforced or opposed by events happening outside of the country.

C O N C L U S I O N

This paper shows that workers move away from states with low market access
and prefer states with higher market access. By controlling for region and sector-
specific wages, we can identify the direct impact that market access has on the
migration decision beyond the wage channel. We further find differences in the
sensitivity of migration rates to changes in foreign demand across sectors and ed-
ucational levels. This heterogeneity can reinforce the industrial specialization of
regions and explain differences in migration patterns between groups of workers.

34. This positive demand shock is modeled as an increase by 3 percent of the market capacity (the

estimated importer fixed effect FMjst in equation 12) of these countries. An increase of 3 percent

corresponds to an increase by one standard deviation of the estimated market capacities.
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Our findings highlight the importance of interactions with foreign countries in
shaping the internal spatial distribution of the labor force. This aspect is general-
ly excluded from regional migration studies, which rely only on purely domestic
migration determinants. This paper employs household survey data, which has
the advantage of considering the informal sector that represents over one third of
the Brazilian workforce. However, our data doesn’t allow us to identify the main
driving force behind the observed direct effect of foreign market access. Linked
employer-employee data could be used to study the evolution of the wage profile
after migration, a potential improvement of matching between firms and
workers, or to assess nonpecuniary aspects of the jobs (e.g., job tenure) and how
they are linked to the export activity of a region.

S U P P L E M E N T A R Y M A T E R I A L

A supplemental appendix to this article is available at http://wber.oxfordjournals.
org/.

A P P E N D I X

FIGURE A-1. Differences in Migration Patterns Across Educational Groups

Sources: Own calculations. Migrant shares for each state are calculated as migrants from i to j
with educational level e over the total number of migrants in the respective educational group.
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TA B L E A-1. Estimation Results of the Trade Equation (Equation 11): Averages
of Coefficients by Industry

Industry Distance Border RTA WTO Market capacity

Agriculture 21.134 1.058 0.549 0.417 26.44
[0.0455] [0.245] [0.127] [0.248] [1.777]

Mining 21.457 1.040 0.317 0.230 27.19
[0.0393] [0.0885] [0.0972] [0.146] [1.944]

Food 20.739 0.726 0.289 0.183 18.66
[0.0899] [0.171] [0.199] [0.373] [2.017]

Textiles 21.334 1.078 0.392 0.417 28.82
[0.0155] [0.229] [0.119] [0.211] [1.760]

Wood 21.401 0.584 0.778 0.312 28.97
[0.0315] [0.187] [0.167] [0.178] [2.021]

Paper & Printing 21.689 0.735 0.727 0.503 30.74
[0.0631] [0.151] [0.0801] [0.205] [1.866]

Chemical & Pharmaceuticals 21.520 0.577 0.608 0.346 30.78
[0.0191] [0.149] [0.0944] [0.119] [1.861]

Plastic & non-metallic 21.616 0.768 0.619 0.560 30.75
[0.0309] [0.144] [0.171] [0.180] [1.687]

Basic metals 21.572 0.589 0.558 0.375 31.04
[0.0330] [0.187] [0.142] [0.166] [2.028]

Electrical & Electronics 21.398 0.596 0.580 0.734 30.14
[0.0287] [0.200] [0.186] [0.212] [1.914]

Machinery 21.430 0.799 0.546 0.660 31.25
[0.0319] [0.124] [0.157] [0.201] [1.740]

Equation 11 is run separately for every industry-year combination. This corresponds to 12 re-
gressions for each industry. This table shows averages of coefficients by industry. Standard devia-
tions of the coefficients are indicated in parentheses.
Sources: Authors’ analysis based on data described in the text.

TA B L E A-2. Migration Rates by Sectors

Industry
Migration rates Nb of individuals
Averages over all years

Agriculture 2.66 16026.50
Mining 3.37 414.00
Food 3.54 3402.88
Textiles 2.80 5376.13
Wood 4.14 1043.00
Paper & Printing 2.78 966.13
Chemical & Pharmaceuticals 3.54 1075.25
Plastic & non-metallic 3.13 1621.63
Basic metals 2.87 3414.13
Electrical & Electronics 3.04 583.50
Machinery 2.89 1567.50

Sources: Own calculations. Data are from the PNAD (1995–2003).
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The Decision to Invest in Child Quality over
Quantity: Household Size and Household

Investment in Education in Vietnam

Hai-Anh H. Dang and F. Halsey Rogers

During Vietnam’s two decades of rapid economic growth, its fertility rate has fallen
sharply at the same time that its educational attainment has risen rapidly—macro trends
that are consistent with the hypothesis of a quantity-quality tradeoff in child-rearing. We
investigate whether the micro-level evidence supports the hypothesis that Vietnamese
parents are in fact making a tradeoff between quantity and “quality” of children. We
present private tutoring—a widespread education phenomenon in Vietnam—as a new
measure of household investment in children’s quality, combining it with traditional mea-
sures of household education investments. To assess the quantity-quality tradeoff, we
instrument for family size using the commune distance to the nearest family planning
center. Our IV estimation results based on data from the Vietnam Household Living
Standards Surveys (VHLSSs) and other sources show that rural families do indeed invest
less in the education of school-age children who have larger numbers of siblings. This
effect holds for several different indicators of educational investment and is robust to dif-
ferent definitions of family size, identification strategies, and model specifications that
control for community characteristics as well as the distance to the city center. Finally, our
estimation results suggest that private tutoring may be a better measure of quality-oriented
household investments in education than traditional measures like enrollment, which are
arguably less nuanced and less household-driven. JEL: I22, I28, J13, O15, O53, P36

Over the past four decades, there has been considerable study of the relationship
between household choices on the quantity and quality of children, starting
with the seminal studies by Becker (1960) and Becker and Lewis (1973). The
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hypothesis driving the literature is that parents make tradeoffs between the
number of children they bear and the “quality” of those children, which is short-
hand for the amount of investment that parents make in their children’s human
capital. If this hypothesis is true, it has considerable implications for policies
aimed at increasing economic growth and reducing poverty.1 For example, this
can motivate policy makers to work on policies that assist couples to avoid un-
wanted births or to subsidize birth control (Schultz 2008).

We investigate a different measure of household investment in their children in
this paper, which is private tutoring—or extra classes—in mainstream subjects at
schools that children are tested in. Private tutoring is now widespread in many
countries, especially but not solely in East Asia,2 and evidence indicates that it im-
proves students’ academic performance in some countries, including Germany,
Israel, Japan, and Vietnam (Dang and Rogers 2008).3 There has been considerable
debate about tutoring among policymakers. One crucial question is whether wide-
spread availability and use of private tutoring exacerbates or helps equalize social
and income inequality (Bray 2009; Bray and Lykins 2012), a question that is rele-
vant to both developing and developed countries.4 Here, the link with demogra-
phy is important: if use of tutoring is correlated with both smaller family size and
higher family income, this heightens the risk that it could exacerbate inequality.

We make several conceptual and empirical contributions in this paper. Our
conceptual contribution is to propose private tutoring as a new measure of
household investment in their children’s education quality in the context of the
child quantity-quality tradeoff literature. Private tutoring may be an especially
good measure of a household’s decision to invest voluntarily in children’s human
capital—compared with enrollment, for example, which may also reflect exoge-
nous factors such as compulsory schooling laws. Put differently, private tutoring

1. The empirical evidence on the correlation between household size and poverty appears inconclusive.

For example, Lanjouw et al. (2004) argue that the common view that larger-sized households are poorer is

sensitive to assumptions made about economies of scale in consumption.

2. Private tutoring (or supplementary education) is a widespread phenomenon, found in countries

as diverse economically and geographically as Cambodia, the Arab Republic of Egypt, Japan, Kenya,

Romania, Singapore, the United States, and the United Kingdom. A recent survey of the prevalence of

tutoring in twenty-two developed and developing countries finds that in most of these countries, 25–90

percent of students at various levels of education are receiving or recently received private tutoring, and

spending by households on private tutoring even rivals public sector education expenditures in some

countries such as the Republic of Korea and Turkey (Dang and Rogers 2008).

3. Other recent studies that find tutoring to have positive on different measures of student academic

performance include student test scores and academic performance in India (Banerjee et al. 2010) and the

United States (Zimmer et al. 2010); but see Zhang (2013) for recent evidence that tutoring may benefit

only certain student groups in China.

4. Given the rapid expansion of educational attainment around the developing world, the tradeoffs

that households make between the quantity and quality of children may increasingly manifest themselves

outside of the formal education system. For example, in a recent opinion piece in the New York Times on

the widening inequality in the United States, the Nobel laureate Joseph Stiglitz (2013) calls for more

“summer and extracurricular programs that enrich low-income students’ skills” to help level the playing

field between these students and their richer peers.
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can capture the household’s extra efforts to increase their children’s human
capital. In particular, in countries where the private-school sector is almost non-
existent (at least at the pre-tertiary school level) such as Vietnam, private tutor-
ing represents a type of flexible household education investment, which is most
likely to be the equivalent of household investment in private education in other
contexts.5 Very few, if any, existing studies offer such study of private tutoring
seen in this light.

Furthermore, the existing literature on private tutoring focuses on examining
this phenomenon on its own, rather than exploring its intertwined connection
with regular school. We attempt to improve on this with an explicit investigation
of this nexus. Theoretically, we (slightly) extend the standard Becker-Lewis
quantity-quality tradeoff framework to provide further insights that can then
guide our empirical analysis; empirically, we propose new measures that exploit
both the absolute and relative differences between household investments in
regular school and private tutoring. This combined approach thus provides new
and original interpretations that appear not to have been attempted elsewhere.

We further make a threefold contribution with our empirical analysis. First,
we improve on previous studies by providing the most comprehensive empirical
investigation to date of different aspects of household investment in private tu-
toring for each child (i.e., at the child level). These include participation in tutor-
ing, household monetary investment in tutoring, and time spent both in the short
term (i.e., frequency of attending tutoring classes in one year) and in the long
term (i.e., number of years attending tutoring classes) on tutoring. We also go
one step beyond just looking at household investment in tutoring by considering
the situation where households can make a joint decision on whether to enroll
their children in school and to send them to tutoring classes.

Second, to identify the impacts of family size on household investment in
private tutoring, we use as an instrument the distance from the household’s
commune to the nearest family planning center. In contrast to those used in most
previous studies, this instrumental variable allows us to study the effects of family
size for families with one child or more. Our results provide considerable support
for the quantity-quality tradeoff in the Vietnamese context. Furthermore, the IV
estimates of the impacts of family size are larger in magnitude than the uninstru-
mented results. These estimation results hold for several different measures of
tutoring and are generally robust to different model specifications, identification
strategies, and definitions of family size.

5. In this paper we focus on households’ investment in their children rather than children’s outcomes

because doing so may provide a more direct test of the quantity-quality tradeoff hypothesis (see, for

example, Caceres-Delpiano (2006) and Rosenzweig and Zhang (2009) for a similar approach). In the

context of Vietnam, private tutoring as a new measure of the households’ investment in the quality of their

children appears more appropriate than traditional measures (such as education expenditures or private

school attainment) for two reasons. First, Vietnam’s education system is mostly public with more or less

uniform tuition, and second, the market for private tutoring is well developed, with approximately 42

percent of children age 6–18 attending private tutoring in the past twelve months.
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Finally, we explore the hypothesized child quantity-quality tradeoff in the
context of rural Vietnam, a country that has undergone rapid change in fertility
and educational attainment. The total fertility rate decreased steadily from 6 births
per woman in the 1970s to 4 births per woman in the late 1980s and to just under
2 births per woman currently (World Bank 2014). Over the past two decades, the
average number of years of schooling for the adult population has increased
rapidly, from 4 in 1990 (Barro and Lee 2012) to 6.6 in 1998 and 8.1 in 2010
(VLSS 1998; VHLSS 2010).6 The Government of Vietnam has paid much atten-
tion to family planning and has promulgated policies over the past fifty years en-
couraging (and in the case of government employees, requiring) families to restrict
their number of children to one or two, but to our knowledge, our study is the first
to investigate rigorously the quantity-quality tradeoff for this country.

Our estimation results indicate that each additional sibling reduces the rural
household’s investments in a child’s schooling as measured through a variety of
indicators: it reduces education expenditure and tutoring expenditure by 0.4 and
0.5 standard deviations, respectively; it decreases the child’s probability of being
enrolled in tutoring by 32 percentage points; it reduces the child’s enrollment
and tutoring index and tutoring attendance frequency by 0.34 and 0.49, respec-
tively; and it cuts the average time spent on tutoring by 74 hours and 1.4 years of
tutoring. With regard to the differences between tutoring and regular school, one
more sibling reduces by 31 percentage points the probability of attending tutor-
ing (unconditionally on whether the child is enrolled in school or not); reduces
by D 243,000 the amount spent on education expenditure net of tutoring
expenditure; and reduces by 8 percentage points and 20 percentage points,
respectively, the share of tutoring expenditure in education expenditure and the
share of years attending tutoring over completed years of schooling.

This paper has five sections. We provide a review of the literature in the next
section, followed in section II by the data description and a description of family
planning policies and the private tutoring context in Vietnam. Section III pre-
sents our theoretical and empirical framework of analysis and the instrumental
variable, which is then followed by the estimation results in section IV and the
conclusion in section V.

I . E M P I R I C A L L I T E R A T U R E : T E S T I N G T H E Q U A N T I T Y - Q U A L I T Y

T R A D E O F F

Our paper straddles two strands of literature: the more established literature on
the quantity-quality tradeoff and a smaller but growing number of studies on
private tutoring. We briefly review the most relevant studies in this section.

One central and empirical challenge among the first literature, on the hypothe-
sized quantity-quality tradeoff, is to address the endogeneity of family size

6. Unless otherwise noted, all estimates from the Vietnam Living Standards Surveys (VLSSs) and

Vietnam Household Living Standards Surveys (VHLSSs) are authors’ estimates.
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convincingly in the data, since unobserved factors can affect both fertility and
child human development outcomes. Different instrumental variables have been
used and include unplanned (multiple) births (Rosenzweig and Wolpin 1980; Li,
Zhang, and Zhu 2008), the gender mix of children combined with parental sex
preference (Angrist and Evans 1998; Angrist, Lavy, and Schlosser 2010), and re-
laxation of government regulation on family size (Qian 2013). Despite these
(and other) studies, the existing evidence on the quantity-quality tradeoff
appears far from conclusive;7 furthermore, while these identification strategies
are useful, they cannot be applied in all contexts.

In the quantity-quality tradeoff framework proposed by Becker and Lewis
(1973), a reduction in the costs of maternity care leads to changes in the relative
price of quality and quantity of children and in the amount that parents choose
to invest in their children. While no studies on the quantity-quality tradeoff
appear to have used this insight to construct instruments, several studies in labor
economics use variables related to family planning as instruments to identify the
causal impacts of family size on female labor supply.8 Instrumenting for fertility
with state- and county-level indicators of abortion and family planning facilities
and other variables, Klepinger, Lundberg, and Plotnick (1999) find that teenage
childbearing has substantial negative effects on women’s human capital and
future labor market opportunities in the United States. Another US study by
Bailey (2006) employs state-level variations in legislation on access to the contra-
ceptive pill to instrument for fertility, and it also provides strong evidence for the
impact of fertility on female labor force participation. More recently, Bloom
et al. (2009) instrument for fertility with country-level abortion legislation in a
panel of 97 countries over the period 1960–2000; they find that removing legal
restrictions on abortion significantly reduces fertility and that a birth reduces a
woman’s labor supply by almost two years during her reproductive life.

We follow an identification strategy that is similar in spirit to that literature:
we use the availability of family planning services as our instrument, which can
reduce the cost of maternity care as well as the cost of controlling the quantity of
children in general.9 Specifically, in our test of the quantity-quality tradeoff

7. For example, Angrist, Lavy and Schlosser (2010) find no tradeoff in Israel; Lee (2008) finds a weak

tradeoff in Korea that gets stronger with more children. In addition, conflicting results have been found for

different countries including Brazil (e.g., Ponczek and Souza (2012) and Marteleto and de Souza (2012)),

China (e.g., Li et al. (2008) and Qian (2013)), and Norway (Black, Devereux, and Salvanes (2005) and Black,

Devereux, and Salvanes (2010)). See also Steelman et al. (2002) and Schultz (2008) for recent reviews.

8. Another thread of the quantity-quality tradeoff literature estimates the reduced-form impacts of

family planning services instead (see, for example, Rosenzweig and Schultz (1985) and Joshi and Schultz

(2013)). Recent studies that find that family planning-related variables have important impacts on fertility

include DeGraff, Bilsborrow, and Guilkey (1997) for the Philippines, Miller (2010) for Columbia, and

Portner, Beegle, and Christiaensen (2011) for Ethiopia.

9. Throughout this paper, we follow the literature by using the term “quality” of children to refer to

the amount of human capital invested in them. Needless to say, this should not be taken as a value

judgment about their worth as individuals. As noted earlier, however, higher human capital is associated

with a host of other desirable development outcomes, at both the individual and societal levels.
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hypothesis, we use the distance to the nearest family planning center at the
commune level as an instrumental variable for the quantity of children.10 Perhaps
the greatest advantage of this instrument over other commonly used instruments
such as twins and sibling sex composition is that the family-planning instrument
allows us to analyze the impacts of family size on all of the children in the house-
hold (or the single child, if there is only one), while using either twins or children
sex composition restricts analysis to a subset of these children.11 We discuss this
instrument further in section III.

Turning now to the second strand of literature, on private tutoring, few papers
have investigated the correlation between household size and household educa-
tional investment in their children through private tutoring. To our knowledge,
the exceptions are the two papers on Korea by Lee (2008) and Kang (2011), and
the former touches only briefly on tutoring. Both of these papers share the same
identification strategy, in that they use the sex of the first-born child as an instru-
ment for family size,12 but the former implements this analysis at the household
level, while the latter does so at the level of the child. Lee (2008) finds a negative
impact of larger family size on household investment in education in general and
tutoring in particular, but Kang (2011) finds these negative impacts to be signifi-
cant only for girls.

I I . D A T A D E S C R I P T I O N , F A M I L Y P L A N N I N G A N D T U T O R I N G

I N V I E T N A M

Data Description

In this paper, we analyze data from three rounds (2002, 2006, and 2008) of the
Vietnam Household Living Standards Surveys (VHLSSs). The VHLSSs are imple-
mented by Vietnam’s General Statistical Office (GSO) with technical assistance
from the World Bank and cover around 9,200 households in approximately

10. Distance to services is often used as an instrument in the literature. For example, distance to

college is used to identify the returns to education (Card 1995), distance to the tax registration office is

used to identify the impact of tax registration on business profitability (McKenzie and Sakho 2010), and

distance to the origins of the virus is used to estimate the response of sexual behavior to HIV prevalence

rates in Africa (Oster 2012). Gibson and McKenzie (2007) provide a related review of household surveys’

use of distances measured via global positioning systems (GPS).

11. Using twins as the instrument also requires a much larger estimation sample size; as a result, most

previous studies that took this strategy have had to rely on population censuses.

12. The use of the sex of the first-born child as an IV has some limitations. First, it requires the

assumption of son preference—which appears to be a weak IV, so that Kang (2011) has to rely on bound

analysis to identify bounds of impacts of family size in the case of boys. Second, the assumption of son

preference in turn requires the assumption that parents do not abort girls at their first childbearing; if they

do, the sex of the first-born child is clearly not valid as an exogenous instrument. This concern is especially

relevant to Vietnam, which has one of the highest abortion rates in the world (Henshaw, Singh, and Haas

1999). And finally, this identification approach may only work for families with more than one child; our

study makes no such restriction on family size, investigating families with between one and seven children.
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3,000 communes across the country in each round.13 The surveys provide de-
tailed information on household demographics, consumption, and education.
The surveys also collect data on community infrastructure and facilities such as
distances to schools or family planning facilities. Since 2002, the VHLSSs have
been implemented biannually and have collected more data for rotating themes
for each survey round; for example, the 2006 round focused on educational ac-
tivities and tutoring. These surveys are widely used for education analysis by the
government and the donor community in Vietnam.

Since only the 2002 round collected data on the distance to family planning
for rural communes, we restrict our analysis to rural households in Vietnam. The
VHLSSs’ commune sample frame remains almost the same during the period
2002–08, which allows us to match the commune information from the 2002
survey round to most of the households in the 2006 and 2008 survey rounds.14

However, we focus on the 2006 round of the VHLSSs for the outcome variables,
since this round has the most detailed information on household investment in
tutoring activities. We also supplement our analysis with data from another na-
tionally representative survey (VHTS) focused on private tutoring that we fielded
in 2008,15 as well as data on teacher qualifications in the community from the
primary school census (DFA) database.16

Since most children start their first grade at six years old, we restrict our analy-
sis to children who are between six and eighteen years old.17 To address concerns
about grown-up children that have already moved away from home, we consider
only children who are living at home and households where the total number of
children born of the same mother is equal to the number of children living in the
household. We define family size as consisting of children born of the same
mother, but we also experiment with a more relaxed definition of family size that

13. A commune in Vietnam is roughly equal to a town and is the third administratively largest level

(i.e., below the province and district levels) and higher than the village level. There are approximately

9,100 communes in the country (GSO 2012). The respondents for the community module of the VHLSSs

are mostly the (deputy) head of the commune.

14. This matching process is complicated by the fact that there were administrative changes resulting

in changes to administrative commune codes between 2002, 2006, and 2008. For around 150 communes,

we have to rely on both commune and district names (in addition to province and district codes) for

matching. We can match 96 percent of all of the communes in 2002 to those in 2006 and 2008 (i.e., we

can match 2,808 communes out of 2,933 communes in 2002).

15. For details on this survey, see Dang and Glewwe (2009). We collaborated on designing the survey

with other researchers, including Paul Glewwe (University of Minnesota), Seema Jayachandran

(Northwestern University), and Jeffrey Waite (World Bank). The survey was administered by Vietnam’s

Government Statistics Office, using funding from the World Bank’s Research Support Budget and the

Hewlett Foundation.

16. This database is initiated and maintained by World Bank-supported projects. For a brief

description on the history and objectives for the primary school census database, see Attfield and Vu

(2013).

17. We also experimented with other age ranges such as ages 10–18 and 12–18. Estimation results

(available upon request) are qualitatively very similar and even more statistically significant than those for

the age range 6–18.
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considers all children living together in the households, as well as other stricter
definitions to be discussed later.

Overview of Family Planning in Vietnam18

Vietnam’s family planning policy dates back to 1961 in the North of Vietnam,
but it initially had limited success. Following the unification of Vietnam in 1975,
policymakers responded to the faster growth of the population than the economy
by setting a goal of lowering population growth rates to less than 2 percent.
Subsequently, in 1988 the government adopted a policy restricting families to
one to two children, which has largely remained in effect until now. The high-
lights of this policy include the universal and free provision of contraceptives and
abortion services, incentives for families, and strict penalties for families with
more than two children. Vietnam’s approach to family planning policy closely
follows that of one-child-per-family in China, but it is administered less rigor-
ously (Goodkind 1995). This lack of rigor contributes to our analysis of the
quantity-quality tradeoff, in fact, by expanding the range of variation of family
size.19

An important administrative landmark for family planning—and one that is
quite relevant to the discussion below of our instrument’s validity—was the es-
tablishment of the ministry-level National Council of Population and Family
Planning (NCPFP) in 1984. By the late 1980s, the NCPFP had established ad-
ministrative offices and staff down to the commune level to ensure that their ac-
tivities reached the whole population. Together with the official administrative
apparatus, the NCPFP also built up a wide-reaching network of family planning
volunteers, both at the village level and in most government agencies, to promote
family planning policies.20

Background on Tutoring in Vietnam

The current education system in Vietnam has three levels: primary (grades one to
five), secondary (grades six to nine for lower secondary sublevel and grades ten
to twelve for upper secondary sublevel), and tertiary (post-secondary). Almost
all schools in rural Vietnam are public schools and provided by the government.
Vietnam has almost achieved universal primary education with 94 percent of
Vietnamese children age 15–19 having completed primary education (VHLSS
2006). High-stakes examinations are widely used in the education system for

18. This section is mostly based on GDPFP (2011). See also Vu (1994) for discussion of family

planning policies in earlier periods.

19. The family size penalties include fines, restrictions on promotion (or even demotions) for

government employees, and denial of urban registration status. We attempted in an earlier draft to use

households’ exposure to the two-child-per-family policy as an instrument since the strictness with which it

is applied varies with certain characteristics that can be largely exogenous to the family. However, it

turned out that the policy was not implemented rigorously enough to make it a viable instrument.

20. In 2007, the NCPFP was merged into the Ministry of Health and renamed the General

Department of Population and Family Planning (GDPFP).
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performance evaluation, and performance on the exams determines whether
students can obtain secondary-school degrees and gain admission to colleges/
universities. The strict rationing at the tertiary level results in strong competition
among high school students, which helps fuel the demand for private tutoring.

Private tutoring is such a major feature of the Vietnamese educational land-
scape that it is hotly debated, both in the media and during the Minister of
Education’s presentations to the National Assembly. Policymakers, educators,
and parents fall into two main opinion camps—one arguing that private tutoring
worsens educational outcomes and harms children, and the other that tutoring
can improve the quality of education. The former group calls for a total ban
on private tutoring, while the latter supports the (controlled) development of
tutoring.21

Table 1 lists the reasons that students take private tutoring classes, according to
data from the VHTS. Tutoring classes are divided into two categories: tutoring
classes organized by the student’s own school, and other tutoring classes. Across
the two types of tutoring, the most important reason for taking tutoring is to
prepare for examinations, which accounts for almost half of all responses (42–47
percent). Other commonly cited reasons given include to catch up with the class
(13–14 percent), to acquire better skills for future employment (13 percent), and
to pursue a subject that the student enjoys (6–11 percent). Other reasons, such as
to get childcare, to compensate for poor-quality lessons in school, or to study sub-
jects not taught in mainstream classes, account for a smaller proportion of all re-
sponses (1–6 percent each). The preeminence of exam preparation over other

TA B L E 1. Reasons for Attending Private Tutoring Classes for Students Age
9–20 (Percent), Vietnam 2007

Tutoring organized by
school

Tutoring not organized by
school

Prepare for examinations 47.2 41.7
Do not catch up with the class 12.9 14.4
Acquire skills for future employment 12.2 12.7
Like this subject 6.4 11.3
Parents too busy to take care 2.7* 1.6*
Poor quality lessons in school 2.7* 6.0*
Subjects not taught in mainstream

classes
0.5* 1.5*

Others 15.4 10.9
Total 100 100
N 376 301

Note: *Fewer than 20 observations.

Source: Authors’ analysis based on data from Vietnam Household and Tutoring Survey 2007–08.

21. See also Dang (2011, 2013) for more detailed discussions of the private tutoring phenomenon in

Vietnam.
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reasons for taking tutoring classes reflects the importance of examinations in the
school system in Vietnam.22

Richer households in Vietnam spend more on tutoring classes than do poorer
households, as shown in table 2. Currently about 40 percent (¼100260.4) of
households in Vietnam send their children to private lessons, and the majority of
them (90 percent) spend between 1 percent and 5 percent of household expendi-
ture on tutoring classes. The percentage of households with positive expenditures
on tutoring classes is only 21 percent in the poorest (1st) consumption quintile
but nearly doubles to 38 percent in the next richer quintile (2nd) and hovers
around 35 percent in the top three quintiles (3rd to 5th). In terms of actual expen-
diture, the mean expenditure on tutoring classes by the wealthiest 20 percent of
households is fifteen times higher than expenditure by the poorest 20 percent of
households. And more expenditure on tutoring is found to increase student grade
point average (GPA) ranking in Vietnam, with a larger influence for lower
secondary students (Dang 2007, 2008).

Our calculation (not shown) using the 2006 VHLSS shows that the majority
of children age 6–18 have at most three siblings, with 10 percent having no
sibling, 48 percent having one sibling, 27 percent having two siblings, and 10
percent having three siblings; only five percent of these children have four siblings
or more. Table 3 provides a first look at children age 6–18 that are currently
enrolled in school that comprise our estimation sample, of whom 42 percent
attended private tutoring in the past twelve months. They spent on average

TA B L E 2. Household Expenditure on Private Tutoring Classes by Consumption
Quintiles, Vietnam 2006

Poorest
Quintile

2
Quintile

3
Quintile

4 Richest
All

Vietnam

Average household expenditure
on tutoring in 2006 (D ‘000)

54.2 126.4 222.8 325.0 814.3 321.3

Distribution of household with exp. on private tutoring as percent of total expenditure in 2006
0% 78.8 61.8 55.1 56.3 52.6 60.4
1%–5% 20.0 36.4 41.6 38.7 38.9 35.6
5%–10% 1.0* 1.5* 3.0 4.4 7.0 3.5
10% or higher 0.1* 0.3* 0.2* 0.6* 1.6* 0.6
Total 100 100 100 100 100 100
No. of households 1,278 1,269 1,263 1,290 1,198 6,298

Note: *Fewer than 20 observations.

Source: Authors’ analysis based on data from Vietnam Household Living Standards Survey
2006.

22. For examining our hypothesis of the quantity-quality tradeoff, we are in fact assuming that

sending children to tutoring classes are completely determined by parents. If corrupt teachers force

tutoring on their own students beyond parental control (see, e.g., Bray 2009; Jayachandran 2014),

household investment in tutoring would not provide valid evidence for this tradeoff. However, the results

in table 1 suggest this concern is a minor one in the context of Vietnam.
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D 104,150 (equivalent to $US 6)23 and eighty-nine hours on these tutoring
classes also in the past twelve months, and had attended tutoring for 1.9 years;
for those that attended tutoring in the past twelve months, the corresponding

TA B L E 3. Summary Statistics for Children age 6–18, Vietnam 2006

Variable Obs. Mean Std. Dev. Min Max

Enrollment in past 12 months 5012 0.87 0.33 0 1
Total education expenditure in past 12 months

(D’000)
4248 583.83 745.71 0 20165

Completed years of schooling 5012 5.80 3.25 0 12
Private tutoring attendance in past 12 months 4125 0.42 0.49 0 1
Enrollment and private tutoring attendance in past

12 months (0 ¼ not enrolled in school,
1 ¼ enrolled in school but have no tutoring,
2 ¼ enrolled in school and have tutoring)

5012 1.22 0.65 0 2

Expenditure on private tutoring in past 12 months
(D’000)

4125 104.15 465.35 0 18000

Expenditure on private tutoring in past 12 months
for those attending private tutoring (D’000)

1614 246.59 691.19 6 18000

Number of hours spent on private tutoring in past
12 months

4247 89.06 158.71 0 1728

Number of hours spent on private tutoring in past
12 months for those attending private tutoring

1624 215.43 183.61 2 1728

Tutoring attendance frequency (0 ¼ no tutoring,
1 ¼ tutoring either during school year or
holidays/ break, 2 ¼ tutoring during both school
year and holidays/ break)

4248 0.65 0.77 0 2

Years attending private tutoring to date 4248 1.90 2.58 0 13
Number of siblings age 0–18 4248 1.58 1.04 0 7
Distance to family planning center 4248 8.56 9.78 0 80.5
Age 4248 11.90 3.20 6 18
Male 4248 0.50 0.50 0 1
Years before last grade in current school level 4248 1.67 1.23 0 4
Secondary school 4248 0.58 0.49 0 1
Mother age 4248 37.38 6.00 21 68
Female-headed household 4248 0.12 0.32 0 1
Head’s years of schooling 4248 7.36 3.39 0 16
Ethnic majority group 4248 0.83 0.37 0 1
Total household expenditures 4248 19222 10209 2145 175393
Distance to primary school 4248 0.82 1.25 0 10
Distance to secondary school 4248 2.78 2.81 0 25
North East and West region 4248 0.16 0.37 0 1
North Central region 4248 0.19 0.39 0 1
South Central region 4248 0.09 0.29 0 1
Central Highlands region 4248 0.06 0.24 0 1
South East region 4248 0.09 0.29 0 1
Mekong River Delta region 4248 0.16 0.37 0 1

Note: All numbers are weighted using population weights.

Source: Authors’ analysis based on data from Vietnam Household Living Standards Survey 2006.

23. The exchange rate was D 15,994 for $US 1 in 2006 (World Bank 2014).
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expenditure and hours spent on tutoring are D 246,590 and 215 hours. Most tu-
toring attendees (80 percent) take these classes organized by their school
(VHLSS 2006).24 Table 3 also shows that the children in our estimation sample
have 1.6 siblings on average, are mostly in secondary school (58 percent), and
live an average of 8.6 kilometers away from the nearest family planning center.

I I I . F R A M E W O R K O F A N A L Y S I S

Family Size, Private Tutoring, and Regular school

We present a simple theoretical model that builds on the standard quantity-quality
tradeoff framework (Becker and Lewis 1973) for interpreting the interwoven con-
nection between private tutoring and regular school. We note three main specific
features with private tutoring, which provide the underlying assumptions behind
our model. First, the existence of private tutoring depends on the mainstream edu-
cation system and it does not stand alone as an independent educational activity;25

second, it can offer lessons that are often much more flexible and informal than
regular school; and third, compared to the public-subsidized regular school,
private tutoring is more costly for the average household.

The household maximizes its utility function U(n, q, y)

max Uðn, q, yÞ ð1Þ

subject to its budget constraint

yþ nðpueu þ prerÞ ¼ I ð2Þ

where n is the number of children, q is their quality, y is the other (numeraire)
good with its price set to 1, pk is the price of household investment in (or ex-
penditure on) their children’s quality, for k ¼ u or r, and I is household income.
A child’s quality is assumed to be equivalent to the total amount of public educa-
tion (eu) and private tutoring (er) that the household invests in the child:

q ¼ eu þ er ð3Þ

We also assume further that regardless of consumer demand, there is a limit (ēu)
on the capacity of public schools to provide the quality of education desired by
the household.26

24. See also table S1.1 in the online appendix for a breakdown of tutoring prevalence and expenditure

by urban/ rural areas.

25. This supplementary aspect of private tutoring helps explain why it has been referred to as

“shadow education” (Bray 2009) or “supplementary education” (Aurini et al. 2013).

26. Particularly in developing countries, the public education system is well known for its rigidity, lack

of teacher incentives and accountability, and inadequate infrastructure (see Glewwe and Kremer (2006)

for a recent review). In our model, this inelasticity of supply should hold at least in the short run.
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eu � ēu ð4Þ

Examples of this limit can be the inability of public schools to provide more
than, say, the basic reading skills in primary grades or a fixed number of hours of
instruction, given short-run constraints on resources and capacities. We then
make the standard assumptions that the number of children and the goods are
nonnegative—that is n � 0; q � 0; y � 0. Our model extends the standard
quantity-quality framework by introducing household tutoring consumption
into the household utility function (1), the budget constraint (2), and the limit on
public education consumption. Without these extensions (i.e., with er ¼ 0 and
eu � 1), the standard Becker-Lewis model results.

Assuming the marginal utilities of income (l1) is positive, the Kuhn-Tucker
conditions for maximizing the utility function subject to the child quality func-
tion, the budget constraint, and the public education constraint yield the follow-
ing results:

Un � l1ðpueu þ prerÞ ¼ 0 ð5Þ

Ueu � l1npu � l2 ¼ 0 ð6Þ

Uer � l1npr ¼ 0 ð7Þ

Uy � l1 ¼ 0 ð8Þ

I� y� nðpueu þ prerÞ ¼ 0 ð9Þ

l2ðēu � euÞ ¼ 0 ð10Þ

Equations (5) to (9) thus yield the same result as under the standard Becker-
Lewis model: the shadow prices of the quality of children for either public educa-
tion (npu) or private tutoring (npr) are proportional to the quantity of children;
or, put differently, an increase in quality is more expensive if there are more chil-
dren. Under this standard model, a reduction in quantity-related costs such as
contraception costs would increase the shadow prices of quantity relative to
quality and other goods, leading to smaller household size and better-quality
children.

Furthermore, the different values of the marginal utility of relaxing the public
education constraint (l2) offer the following results:

(i) If l2 ¼ 0, then the typical household does not consume the maximum
available quality of public education (i.e., eu , ēu). However, this case is
likely to be the exception rather than the norm, since a Vietnamese child
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that is currently in school typically has more than a 40 percent chance of
attending private tutoring in the past year (table 3) and around half of
these children resort to private tutoring besides their regular classes to
better prepare for examinations (table 1).

(ii) If l2 . 0, then the household consumes the maximum available quality of
public education (i.e., eu ¼ ēu), which has several important implications.
First, to improve the quality of its children, the household’s only option is
to invest in tutoring; equivalently, since eu ¼ ēu; private tutoring is the only
choice variable for maximizing the household’s utility function.27 Second,
when coupled with the standard result of quantity-quality tradeoff, this
result leads to household demand for private tutoring that is more elastic to
household size than the household’s demand for public education is. The
model can thus better capture the tradeoff of household investment in their
children’s education. In other words, our model indicates that households
would cut down on tutoring consumption and increasingly shift their edu-
cation expenses to the public subsidies as their family size grows. Finally,
since private tutoring is more costly than regular education, relaxing the
capacity constraint of public education—for example by providing more
teacher time with students—can help reduce the demand for tutoring. This
result comes from equation (9) where, given a fixed budget constraint,
increasing eu (¼ēu) would ceteris paribus result in a lower value of er.
Analogously, for a better and fuller picture on the quantity-quality tradeoff,
household investment in private tutoring should be examined together with
investment in the regular school.

Figure 1 provides a graphical illustration for a typical household in case (ii)
discussed above. The supply of education is represented by the supply curves S1

(solid line) for public education and S2 (dashed line) for private tutoring. The
gradient of S2 is flatter than the vertical segment of S1 but steeper than the
upward-sloping segment of S1; these relationships represent, respectively, the fact
that private tutoring can fill in the demand for education where the public educa-
tion system cannot and that private tutoring is more expensive than public
schooling. Since private tutoring is prevalent in Vietnam (as shown with tables 1
to 3), the average household would consume the maximum available quality of
public education and also some private tutoring. Household demand for tutoring
can be represented by a demand curve that lies higher and to the right of point A
and that cuts across both the public education supply S1 and private tutoring
supply S2.28

27. This result can generally apply to contexts where the household has no other choice besides public

education, and already consumes the maximum available quality of public education. In such cases,

household investment in public education would not respond to changes in family size.

28. For case (ii), households consume the maximal available quality of public education (Q1), and

therefore we do not show the demand curve for public education in Figure 1.
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This graphical model helps illustrate our theoretical results. First, other
things equal, since public education supply is inelastic after point A, family
size would have little or no impact on the household’s consumption of public
education; consequently, household investment in private tutoring is a better
measure of household quantity-quality tradeoff. Second, compared to a re-
presentative household with the demand curve D1, the demand curve D2 re-
presents another household that is assumed to have stronger education
preferences, which can be represented by a smaller family size according to
our theoretical model.29 Thus, the household with smaller family size would
consume more private tutoring (Q*

2) than the household with larger family
size (Q*

1). Finally, focusing on investigating private tutoring on its own rather
than examining its intertwined relationship with regular school is equivalent
to studying the dashed line S2 in Figure 1 alone without taking into considera-
tion its connection with the solid line S1. This can result in an incomplete—or
even potentially misleading—picture of private tutoring.

FIGURE 1. Demand and Supply of Education with Private Tutoring

Source: Illustrations based on the theoretical model discussed in the text.

29. Other factors that shift the demand curve include household income, the price of substitute goods

or the number of buyers on the market, or expectations about future returns to education.
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These findings offer new interpretations of private tutoring as a new measure
of household education investment.30 We will validate these theoretical predic-
tions empirically in later sections, after first discussing the empirical framework
and the instrument.

Empirical Framework

Our basic estimation equations are for child j, j ¼ 1,..,J in household I, i ¼ 1,..,N

Eij ¼ aþ bFamSizei þ gXij þ 1ij ð11Þ

FamSizei ¼ dþ lDisFam þ fXij þ hij; ð12Þ

where, for the first equation, the dependent variable Eij includes household edu-
cation investment. The traditional measures for Eij include school enrollment,
educational expenditure, and completed years of schooling.31 The new measures
include private tutoring attendance, a combined school enrollment/tutoring
index (which takes a value of 2 if enrolled in both school and tutoring, 1 if
school only, and 0 if neither), frequency of tutoring attendance (which takes a
value of 2 if enrolled in tutoring during both school year and holidays, 1 if either
school year or holidays, and 0 if neither), expenditure on tutoring,32 and the
number of hours in the past year and the number of years to date spent on tutor-
ing. Of these measures, only tutoring attendance and expenditure appear to have
been used in previous studies on tutoring.

If some parents decide to choose fewer children and greater investment in each
child, a smaller family size will be strongly correlated with unobserved parental
devotion to their children, thus biasing estimates upward; however, the opposite
holds if parents decide to choose both more children and greater investment in
them at the same time. Thus, estimating equation (11) alone would provide biased
estimates of the relationship between family size and household investment. The
direction of bias appears to be an empirical issue and depends on parental

30. Some further extensions can be added to our theoretical model. For example, we can generalize by

assuming a child endowment component in equation (3) as in Becker and Tomes (1976), or another

extension is to assume that, instead of prices being fixed, the price of tutoring is a function of the price of

regular school. These extensions, however, do not change the main results. Another extension is to assume

that eu and er are multiplicative up to ēu (the constraint on public education), and are additive beyond this

value. This would correspond to private tutoring being complementary up to this value, and being

substitute after this value. The latter case, however, appears to be the dominant case in Vietnam as

discussed above.

31. For children that are currently in school, completed years of schooling is right-censored since we

do not observe the final years of schooling for these children. Thus for such children (and our estimation

sample), this variable represents a lower-bound estimate only.

32. For easier interpretation of results and because of the large number of zero observations, in our

preferred specification we do not transform variables such as expenditures and hours spent on tutoring to

logarithmic scale. Estimation results with the transformed variables are similar, however, and coefficients

are slightly more statistically significant.

Dang and Rogers 119



heterogeneity of preference; the IV model would help remove this bias and
uncover the true impacts of family size on household investment. Thus, we jointly
estimate equations (11) and (12) in an IV model using the commune-level distance
to the nearest family planning center (DisFam) as the instrumental variable.

Xij is a vector of child, household, community and school characteristics that
include age, gender, school level, mother’s age,33 mother’s age squared, gender
of the household head, head’s years of schooling, ethnicity, household expendi-
ture, and distances to the nearest primary and secondary schools. A variable indi-
cating the number of years that remains before the last grade in the current
school level is also added, since this variable can capture the increasing intensity
of tutoring investment as students progress through school (Dang 2007), but this
variable is left out in the regression for the enrollment/tutoring index since it
applies only to children currently enrolled in school.

For easier interpretation of results, we jointly estimate equations (11) and (12)
for all the outcomes above using a 2SLS model, except for expenditure and hours
spent on tutoring, where we use an IV-Tobit model instead and subsequently
provide separate estimates for the marginal effects since a large number of chil-
dren have zero values for these variables.34 Let E�ij be the latent variable that rep-
resents the household’s potential spending (or hours) on tutoring, the Tobit
model for equation (11) has the form

E�ij ¼ aþ bFamSizei þ gXij þ 1ij; ð13Þ

where the relationship of the actual (Eij) and latent (E�ij) spending on tutoring is
given by Eij ¼ 0 if E�ij � 0 and Eij ¼ E�ij if E�ij . 0.

Similarly, we can examine the marginal impacts of family size (or other ex-
planatory variables) on either households’ propensity to spend or households’
actual (observed) spending on tutoring classes. While the former interpretation
(shown in table 5) may be more relevant for forecasting the future, the latter
(shown in table S1.3 in the online appendix S1, available at http://wber.
oxfordjournals.org/) is more commonly used and focuses on household spending
at present.35 For our purposes, we will use the latter interpretation of the margin-
al effects.

33. There are more missing observations with father’s age so we omit this variable.

34. While the number of years of tutoring can also be fitted in a Tobit model, we prefer to use the OLS

model for better interpretation. Estimation results using an IV-Tobit provide very similar results.

35. The marginal impacts for household propensity to spend can be calculated as

@EðE�ijjFamSizei;ZijÞ
@FamSizei

¼ b, and the marginal impacts for household actual spending can be calculated as

@EðEijjFamSizei;ZijÞ
@FamSizei

¼ bF
aþ bFamSizei þ gZij

s

� �
, where we also assume 1ij � Nð0;s2) as in the OLS

models. See, for example, Greene (2012) for more discussion on the marginal effects with the Tobit

model.
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Distance to Family Planning Center as Instrument

Our instrumental variable for family size is the distance to the nearest family
planning center since it meets the exogeneity, relevance, and exclusion restriction
conditions. In this section, we consider these three criteria in turn.

A major exogeneity-related concern with using public programs, including place-
ment of family planning centers, as instruments is that these programs may have
been established in response to local demand (Rosenzweig and Wolpin 1986). The
evidence suggests, however, that such demand response is not an issue in Vietnam,
where family planning services were already offered at the commune level and
reached virtually the whole population by the late 1980s (Goodkind 1995; GDPFP
2011). While little data exist on the local conditions when family planning centers
were set up, it is generally the case with most policy implementation in Vietnam
that the central government sets the national policies but it is the local governments
that ultimately decide exactly how these policies will be implemented.36

Indeed, the provincial governments were observed to be responsible for all
work related to family planning and for mothers and children’s health in general
(Vu 1994), which should include the establishment of family planning centers.
This is corroborated by an analysis of a survey of local governments’ family plan-
ning efforts in fifteen provinces across Vietnam by San et al. (1999), which finds
that effort strength is mostly driven by the quality of local governments’ leader-
ship and implementation ability, rather than local conditions such as geographi-
cal terrain or the level of economic development.37

Still, some variation of the location (and timing) of family planning center
may stem from differences in local governments’ resources: communes with more
resources might have been more likely to build a family planning center earlier.
We argue, however, that once this channel is controlled for in the regressions (as
proxied for by commune infrastructure in several model specifications we
examine later), the location of the family planning center is exogenous to each
household’s decision on number of children. While it is impossible to test directly
for the instrument’s exogeneity, we use a three-pronged approach as an extra pre-
caution to ensure its validity.

First, we use the distance to family planning centers in 2002 to instrument for
the impacts of family size on household investments in education four years
later, in 2006. This approach can help reduce any contemporaneous correlation
between the former and the latter.

Second, in one of the robustness checks, we will restrict our analysis to a sub-
sample of cases in which the family planning centers had already been established

36. Scornet (2001) observes that local governments’ strong autonomy in implementing family

planning policies takes its root in the traditional decentralization of monarchical governments in the past.

Kaufman et al. (1992) note that the local governments in China—which had a similar although stricter

regulation on family size—were similarly responsible for setting up family planning clinics.

37. San et al. (1999) also provide some evidence that their selected 15 provinces share many

characteristics of the overall functioning of the national family planning program.
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earlier. If family planning centers were more likely to be established first in loca-
tions with stronger demand for family planning, older centers would be more ef-
fective in reducing family size and would consequently allow households to
increase investment in their children’s education. Thus an analysis showing similar
impacts of family size for the sample with older centers compared to those for the
overall sample would provide evidence for the instrument’s exogeneity.38

Finally, if it were true that family planning centers were more likely to be first es-
tablished in locations where households have larger family size, assuming a negative
relationship between family size and household investment in their children, we
would expect this endogenous placement of these centers to weaken the impacts of
the instrument and thus bias estimates upward toward zero. Thus, our estimation
results would provide conservative estimates of the extent of the tradeoff.39

In terms of the relevance criterion for the instrument, our review of the litera-
ture from other countries suggests that access to family planning facilities is highly
relevant to household decisions on family size. Previous studies for Vietnam using
data from the 1997 Demographic and Health Survey offer similar findings that in-
creased access to family planning services increases contraceptive use (Thang and
Anh 2002; Thang and Huong 2003) and reduces unintended pregnancy (Le et al.
2004). Our first-stage estimates turn out to show a consistently strong and negative
impact of the distance to family planning center on family size.

For the exclusion restriction, there may be concerns that family planning
centers directly affect the investment in children by explicitly promoting the idea
of a quantity-quality tradeoff. But given the uniform presence in every commune
of family planning workers (GDPFP 2011) who can provide interested house-
holds with detailed information on the benefits of family planning, family plan-
ning centers mostly serve as facilities that provide options for restricting family
size to the desired number of children.40 These centers focus on services related
to providing contraceptives—such as insertion of intrauterine devices (IUDs),

38. This check does not hold in the opposite direction since older centers may also be effective

through other channels that are uncorrelated with endogeneity of location (e.g., longer existence simply

increases the chances families know about and use the services at these centers). Larger impacts for family

size in the sample of older centers thus would not necessarily indicate violation of exogeneity.

39. An additional concern related to exogeneity is that families could have immigrated to their current

commune, meaning that they were not necessarily constrained by the current distance to family planning

center when making their decision on giving birth. However, this concern does not apply in our context: we

restrict our analysis to rural families only, and fewer than 3 percent of the total population over five years of

age move within or to rural areas in Vietnam between 1994 and 1999 (Dang, Tacoli, and Hoang 2003).

40. A reviewer pointed out that family planning centers’ services may also possibly operate through

family planning workers/volunteers. However, since these workers were already present in all the

communes by 2001 (and most of the communes well before that in the late 1980s), any additional impacts

brought about by the new workers that are associated with these centers are likely to be small. This is

consistent with Do and Koenig (2007)’s finding that family planning outreach programs (including visits

by family planning workers) do not have statistically significant impact on women’s continued use of

contraceptive methods. Other programs such as communications campaigns or economic incentives were

most often employed by the government through channels (e.g., administrative measures as discussed

earlier) that are not typically associated with the activities of family planning centers.
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provision of condoms and oral contraceptives, menstrual regulation, and advice
on family planning—as well as birth-related medical services and abortions
(MOH 2001). In 2002, around one third of the population lived in communes
that were within one kilometer of such a center. Thus, access to family planning
facilities should affect the educational outcomes of interest only through family
size, which satisfies the exclusion restriction.

Another possible objection to the validity of the exclusion restriction is that
the distance to the nearest family planning center may be correlated with unob-
served commune characteristics that also affect household investment in their chil-
dren. For example, more remote, less developed communes may also be farther
away from any family planning center. In such cases, any negative impacts of
household sizes on the outcome variables as instrumented by availability of family
planning might be caused by the negative correlation between the general dev-
elopment level of the commune and these outcomes (e.g., poorer communes may
spend less on their children’s tutoring classes).

We use two strategies to address this concern. The first is to consider a number
of different specifications that test for the strength of this instrument as different
commune characteristics are included in the regressions. If the instrument
becomes weaker or loses its statistical significance, this means that it is strongly
correlated with these commune characteristics (or other unobserved characteris-
tics proxied for by these variables) and concerns about the exclusion restriction
are justified. Our second strategy is to use an alternative identification that relies
on the heteroskedasticity of the error terms (Lewbel 2012) rather than a regular
instrumental variable.41 Heteroskedasticity-based identification has been used
for some time (see, e.g., Klein and Vella 2010). In particular, the Lewbel identifi-
cation approach has been applied in various settings to examine the impacts of
body weight on academic performance (Sabia 2007) or the effects of access to
domestic and international markets on household consumption (Emran and Hou
2013). Due to its reliance on higher moments, this identification strategy is less
reliable than the standard IV approach, but it can provide a qualitative robust-
ness check on our estimation results.

We show estimation results for the first strategy in table 4, which tests for the
strength of this instrument using several different specifications sequentially.
(Full estimation results are shown in table S1.2 in the online appendix S1.)
Model 1, the most basic model, includes only the instrument and the regional
dummy variables. Model 2 adds the children’s characteristics and their house-
hold characteristics, while model 3 adds to model 2 the distances to the nearest

41. Our standard IV identification strategy comes from the exclusion restriction that the coefficient on

the distance to family planning center be zero in equation (1). However, Lewbel (2012) shows that, given

the standard regularity condition on the data, we do not need to use this restriction for identification if the

error terms are uncorrelated with the right-hand side variables and we can find a variable (or vector of

variables) Z that is uncorrelated with the product of the two error terms, that is, cov(Z, 1ijhij) ¼ 0. In

other words, we can use (Z� �Z)hij as the instrument for family size in equation (1), where the distance to

family planning center is Z.
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primary and secondary schools and includes the variables we use for the subse-
quent second-stage regressions. Model 4 then adds to model 3 basic commune
characteristics such as distances to the nearest paved road, public transportation,
and the post office, which are expected to proxy for the general level of economic
development of the commune.

Next, to net out any effects that access to community health care has on
family size (for example, inadequate health care may reduce family size through
high child mortality rates), model 5 adds to model 3 the distance to the nearest
health facilities.

Given the low-technology production techniques typically used in agriculture,
rural farming households in Vietnam have had to rely for the most part on man-
power for their farm work, giving them an incentive to have more children.
Furthermore, government employees may be subject to a stricter enforcement of
the one-to-two children rule than are farming households. Thus, in the IV termi-
nology (see, e.g., Angrist and Pischke (2009)), farming households may be the pop-
ulation subgroup that is affected differently by the distance to the family planning
center than other population subgroups.

TA B L E 4. Impacts of Distance to Family Planning Center on Number
of Siblings Age 6–18, Vietnam 2006 (First-Stage Regressions)

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7

Distance to family
planning center

0.009*** 0.007*** 0.007*** 0.007*** 0.007*** 0.006*** 0.006***
(3.60) (2.95) (2.87) (2.85) (2.86) (2.58) (2.61)

Additional control

variables

Regional dummy
variables

Y Y Y Y Y Y Y

Individual &
household
characteristics

Y Y Y Y Y Y

Distances to school Y Y
Community

infrastructure
Y Y

Distance to health
facilities

Y Y

Share of commune
population
working in
agriculture

Y Y

R2 0.12 0.25 0.23 0.23 0.23 0.23 0.24
N 6309 5413 4248 4178 4294 4294 4168

Notes: *p, .1, **p,0.05, ***p,0.01; robust t statistics in parentheses account for clustering
at the household level. All regressions control for regional dummy variables, which include the fol-
lowing regions: Northeast and Northwest, North Central, South Central Coast, Central Highlands,
South East, and Mekong River Delta. The reference category is the Red River Delta. All household
expenditures are in million Vietnamese dong.

Source: Authors’ analysis based on data from Vietnam Household Living Standards Surveys
2002 and 2006.
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To address this issue, in model 6 we add to model 3 a variable indicating
the share of the commune population working in agriculture. If this addition
changes significantly the estimated coefficient on the instrument, this result
would suggest that the estimated impact of the distance to the family planning
center on family size in model 3 is influenced by the farming-oriented occupation
structure in the commune rather than the costs of family planning. Finally,
model 7 includes all the variables from models 1 through 6.

The results in table 4 show that the distance to family planning center has a
positive and strongly statistically significant impact on family size, as expected.42

Importantly, except in the case of model 1 (which is clearly too simplistic), the
magnitude of the estimated coefficient on the distance to the family planning
center is almost identical in all the models at around 0.007; this magnitude indi-
cates that a child living 10 kilometers further away from a family planning center
would have 0.07 more siblings on average. The consistency of the point estimates
suggests both the strong relevance and robustness of this instrument. Since most
of the additional variables in models 4 to 6 are statistically insignificant, to keep
our models parsimonious, we will use the variables in model 3 in subsequent re-
gressions. In a later section on robustness analysis, we explore different specifica-
tions to further assess the validity of this instrument.

I V. E S T I M A T I O N R E S U L T S

We investigate the impacts of family size on private tutoring alone in the next
section, before turning to examining these impacts in the intertwined relation-
ship with regular school.

Impacts of Family Size on Household Education Investment

Table 5 provides the instrumented regressions of the impacts of family size on
household education investment; the uninstrumented coefficients on family size
are also provided at the bottom of this table for comparison. The instrumented
regressions shown in table 5 indicate that a quantity-quality tradeoff exists in
Vietnam: all of the instrumented estimated coefficients on family size have a neg-
ative sign (as do all the uninstrumented estimated coefficients). While the instru-
mented coefficients on family size are not statistically significant for school
enrollment and completed years of schooling, we can use the point estimates for
a rough comparison with the results of previous studies. For example, the ratios
for the instrumented coefficient over the uninstrumented coefficient in the regres-
sion for these variables (specifications 1 and 3) are around two and fall within a
range of corresponding estimates by Li et al. (2008) and Qian (2013) for China;

42. The t-statistics for model 3 are equivalent to an F-statistic of 8.6, which is slightly below the value

of 8.96 for a strong IV suggested by Stock and Yogo (2005). Note, however, that Stock and Yogo’s critical

values rely on the assumption of independently and identically distributed (iid) errors, whereas our

F-statistic is obtained from a cluster-robust regression that is robust to heteroskedastic errors. Without this

cluster-robust option, the F-statistic for model 3 is much higher at 22.6.
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TA B L E 5. Impacts of Family Size on Educational Investment for Children Age 6–18, Vietnam 2006

Instrumented
Regressions

Spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. 5 Spec. 6 Spec. 7 Spec. 8 Spec. 9

Enrollment

Total

education
expenditure

Completed

years of
schooling

Tutoring
attendance

Enrollment &

Tutoring
attendance

Tutoring

attendance
frequency

Tutoring
expenditure

Tutoring
hours

Years

attending
tutoring

Number of siblings age
0–18

20.072 20.308** 20.589 20.318** 20.337** 20.488** 2573.957* 2188.425 21.424**
(21.04) (22.02) (21.50) (22.17) (22.27) (22.45) (21.94) (21.51) (22.34)

Age 20.033*** 0.118*** 0.783*** 0.010** 20.026*** 0.017** 28.066*** 9.061*** 0.245***
(216.42) (13.76) (75.24) (1.98) (27.10) (2.32) (3.38) (2.61) (9.88)

Male 20.038** 20.084*** 20.236*** 20.085*** 20.124*** 20.138*** 2166.057** 256.664** 20.365***
(22.27) (22.64) (22.62) (22.75) (23.57) (23.10) (22.38) (22.10) (22.61)

Years before last grade

in current school
level

0.045*** 20.006 20.023* 26.165 212.973** 20.016

(5.06) (20.71) (21.83) (20.39) (22.12) (20.44)

Secondary school 20.359*** 0.018 0.063 241.929 23.793 20.176
(27.30) (0.61) (1.48) (20.81) (20.18) (21.28)

Mother age 0.048** 0.084 0.334** 0.111** 0.148*** 0.148** 203.311* 54.731 0.433*

(1.97) (1.50) (2.39) (2.10) (2.89) (2.05) (1.89) (1.20) (1.95)
Mother age squared 20.001** 20.001 20.004** 20.001** 20.002*** 20.002** 22.563* 20.680 20.006**

(22.01) (21.52) (22.39) (22.11) (22.91) (22.09) (21.90) (21.19) (21.99)
Female-headed

household
20.038 20.018 20.137 20.044 20.076 20.069 291.760 227.225 20.150

(21.43) (20.29) (20.91) (20.73) (21.23) (20.83) (20.84) (20.57) (20.58)
Head’s years of

schooling
0.009* 0.005 0.062** 20.006 0.007 20.000 29.533 0.974 20.012

(1.75) (0.53) (2.25) (20.66) (0.67) (20.04) (20.55) (0.13) (20.32)
Ethnic majority group 0.010 0.069 0.200 0.091 0.080 0.096 189.625 127.766** 0.218

(0.33) (1.15) (1.20) (1.45) (1.17) (1.12) (1.40) (2.42) (0.80)
Total household

expenditures
0.004*** 0.016*** 0.022*** 0.007*** 0.010*** 0.012*** 0.017** 4.112*** 0.034***
(4.05) (4.65) (4.05) (3.76) (5.04) (4.33) (2.52) (2.74) (3.94)

Distance to primary
school

0.003 0.006 0.055** 0.012 0.009 0.006 26.266 9.945 0.028
(0.73) (0.62) (2.15) (1.22) (0.88) (0.45) (1.51) (1.44) (0.66)
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Distance to secondary

school

20.002 20.004 20.031** 20.003 20.005 20.006 210.533 24.657* 20.035**

(20.81) (20.95) (22.52) (20.80) (21.35) (21.14) (21.39) (21.69) (22.17)
Constant 0.396 22.134*** 29.903*** 21.221* 20.745 21.465 23736.470** 2950.852 25.988**

(1.26) (22.85) (25.38) (21.72) (21.12) (21.50) (22.38) (21.55) (21.97)

Model 2SLS 2SLS 2SLS 2SLS 2SLS 2SLS IV-Tobit IV-Tobit 2SLS

F/ Chi2 test 32.49 46.85 862.88 44.50 46.67 47.28 40.31 501.57 50.25
Log likelihood 219019 218262

N 5012 4125 5012 4125 5012 4248 4125 4247 4248
Number of

left-censored obs.
2511 2623

Non-Instrumented

Regressions

20.038*** 266.390*** 20.240*** 20.043*** 20.085*** 20.083*** 279.516*** 246.051*** 20.233***
(26.50) (28.06) (27.60) (25.21) (27.91) (27.18) (23.66) (25.58) (26.19)

Notes: *p, .1, **p,0.05, ***p,0.01; robust t statistics in parentheses account for clustering at the household level. All regressions control for regional
dummy variables, which include the following regions: Northeast and Northwest, North Central, South Central Coast, Central Highlands, South East, and
Mekong River Delta. The reference category is the Red River Delta. Total household expenditure is net of education expenditure and tutoring expenditure re-
spectively for the specifications of these outcomes. All household expenditures are in million Vietnamese dong, except for the expenditure variables in the
Tutoring specification. For instrumented regressions, the instrumental variable is the distance from the commune to the nearest family planning center.

Source: Authors’ analysis based on data from Vietnam Household Living Standards Surveys 2002 and 2006.
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the former study finds the instrumented coefficients to range from 0 to 1.5 times
the uninstrumented coefficients, but the latter study finds this ratio to be as large
as 15 times.

The instrumented coefficients on family size are, however, statistically signifi-
cant for all the tutoring variables except for tutoring hours. The instrumented co-
efficients on number of siblings have much larger absolute magnitude than the
uninstrumented coefficients, ranging from four (enrollment and tutoring atten-
dance index) to seven times (tutoring expenditure or attendance) as large as their
uninstrumented counterparts, which points to the downward bias (in absolute
magnitude) of the latter. Thus, both the stronger statistical significance and
larger magnitudes for the former are consistent with our earlier theoretical dis-
cussion of private tutoring as a more elastic and refined measure of household ed-
ucational investment than traditional measures.43

Controlling for other characteristics, each additional sibling results in reduced
investments in a child’s schooling: reductions in education expenditure and tutor-
ing expenditure respectively by 0.4 standard deviations (or equivalently, a reduc-
tion of D 308,246) and 0.5 standard deviations (or D 211,087; see the online
appendix S1 table S1.3); a decrease of 32 percentage points in his or her proba-
bility of being enrolled in tutoring; and a drop of 0.34 in the child’s enrollment
and tutoring index and 0.49 in the tutoring attendance frequency. One more
sibling also leads to the child spending seventy-four fewer hours and 1.4 fewer
years on tutoring, although the estimated coefficient on tutoring hours is no
longer statistically significant.

Estimation results also indicate that, ceteris paribus, older children are less
likely to enroll in school but more likely to attend tutoring, while boys are less
likely either to enroll in school or attend tutoring.44 Children that are farther

43. Since we control for the commune-level distances to school, the uninstrumented regression results

that we presented (at the bottom of table 5) are identical to estimates using an OLS model with commune

random effects. As suggested by a reviewer, we also estimate an OLS model with commune fixed effects

and between-commune OLS (with variables aggregated at the commune level) for comparison. Estimation

results are provided in tables S1.4 and S1.5 in the online appendix, where the former’s estimated

coefficients are smaller in magnitudes than the latter’s, which are in turn smaller than those of the IV

estimates. This suggests that the between-commune OLS estimates are less biased than the FE estimates,

and appears consistent with the bias caused by the endogeneity of family size—which occurs at the

household level. In particular, the FE estimates are the commune-fixed effects estimates, which rely on the

variation of a small number (at most three) households in a commune for identification. Thus, the FE

estimates can be severely biased. On the other hand, the between-commune OLS would first average out

this variation (bias) in a commune in constructing the commune-aggregated variables, then rely on the

variation between different communes (more than 1500) for identification. Thus, while estimates are still

biased, these would be to a lesser extent than those from the FE estimates.

44. We also experiment with using the distance to family center as the instrument for the number of

male or female siblings, however, this instrument is statistically significant only in the first-stage

regressions for the number of brothers, with qualitatively similar second-stage estimation results (not

shown). While this result may indicate a degree of son preference in Vietnam, and it is consistent with

previous studies (see, e.g., Phai et al. 1996; Belanger 2002), it may also suggest sex-selective abortion at

the same time. Deeper analysis for intra-household gender differences would require better (and more

than one) instruments than currently available. Thus, we leave this to further research.
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from the last grade in their current school level are, as expected, less likely to
have tutoring, but the coefficient on this variable is mostly statistically insignifi-
cant except in the case of tutoring hours. Older mothers and richer households
invest more in their children’s tutoring, but the quadratic term on mothers’ age is
negative, indicating that the marginal effect of age declines and eventually turns
negative.

Robustness Checks

We further test the robustness of estimation results and provide them in table
S1.6 in the online appendix S1. In the previous section (table 4), we have provid-
ed evidence against the concern that distance to the nearest family planning
center may be proxying for other important unobserved commune characteris-
tics. However, we test for this possibility again by including as control variables
in the equation of interest some commune-level variables such as commune infra-
structure, the distance to health facilities, and the share of the commune popula-
tion working in agriculture. Since our estimation sample is restricted to rural
households, to examine the hypothesis—albeit in an indirect way—that urban
households spend more on tutoring, we also include the distance from the
commune to the nearest major city in Vietnam.45 Estimation results are largely
qualitatively similar.46

Our previous study (Dang 2007) shows that communes with higher levels of
education spend more on tutoring and argues that this impact can come from
both the demand side (e.g., children have peer pressure to study harder or benefi-
cial interaction with well-educated adults) and the supply side (e.g., communities
with higher educational levels may be able to supply more tutors). We thus add
to our equation of interest either the share of the commune adult population
with upper secondary education or higher or a set of commune-averaged vari-
ables calculated from the primary school census (DFA) database including the
shares of teachers with upper secondary education, upper secondary education
plus two more years of additional training, two-year teacher training college edu-
cation, four-year teacher training college education, and student-teacher ratios.
These variables are expected to capture respectively the levels of commune edu-
cation and the teacher and school quality in the commune.47 Again, the estima-
tion results are similar to those in our base specification.

45. These cities are Hanoi and Haiphong in northern Vietnam, Danang in central Vietnam, and

Cantho and Ho Chi Minh in southern Vietnam. We also experiment with using the distance to the

provincial city instead of the distance to these major cities and obtain similar, albeit slightly statistically

weaker, results.

46. The only exception is the model specification with all the commune infrastructure and distances

variables (row 1), but even in that case, magnitudes are similar but the coefficients have less statistical

significance. This is perhaps unsurprising: the model is over-fitted, with all the distance variables

statistically insignificant in both the first-stage regressions (as shown in table S1.2 in the online appendix)

and second-stage regressions (not shown).

47. Detailed estimation results are provided in tables S1.7 and S1.8 in the online appendix.
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While we have reduced some contemporaneous correlation between the dis-
tance to the nearest family planning center and household investment in their
children by using values for the former in 2002 and the latter in 2006 in our re-
gressions, this gap of four years may not be enough, given that households make
their tutoring investments only when children at least six years old.48 While a
family planning center built in 2002 will have had no impact on parents’ decision
to give birth to the children who are at least six years old in 2006, the impact of
the family planning center on family size in this case will come through the
household decision on the number of younger siblings for these children and,
subsequently, on total family size. Nevertheless, to examine this case, we restrict
our estimation sample to the cases where the family planning center was already
operating by 1997, which reduces the estimation sample by more than half.49

Our results are for the most part qualitatively similar, except that the effects on
education and tutoring expenditure now lose their statistical significance (though
they keep their negative signs), while the effects on hours and years spent on tu-
toring become even more statistically significant.

In addition, we also implement other robustness checks including using the
Lewbel heteroskedasticity-based IV model, and experiment with dropping out
the outliers in the distance to the family planning center. Estimation results are,
however, qualitatively similar. More detailed discussion of these results and other
checks is provided in the working version of this paper (Dang and Rogers 2013).

Further/Heterogeneity Analysis

Estimation results thus far support the negative relationship between family size
and household investment in tutoring classes. This subsection delves deeper into
this result to provide heterogeneity analysis with, among other factors, different
definitions of family size as well as subsets of the population. Estimation results
are shown in table 6.

DIFFERENT DEFINITIONS OF FAMILY SIZE. Could our estimation results be sensitive to
how we define family size? We provide further analysis based on different defini-
tions of family size. First, we restrict the number of siblings to not more than
three (row 1, table 6), to test whether the main result is driven by unusually large
family sizes. Second, we extend the definition of family size from the children
born of the same mother to all the children living in an extended family (row 2),
which would perhaps be more consistent with an altruistic model in which

48. As predicted by the Becker-Lewis model, it is total family size that affects the quality-quantity

tradeoff. Thus, the distance to the family planning center is still a relevant instrument as long as it can

predict total family size.

49. There are a number of missing observations for the year a family planning center was set up, and

the distances to school variables are not significant in these specifications, thus we left them out for larger

sample sizes and more accurate estimates. As discussed in the previous section, the similarity in impacts of

household size for the full sample and the sample with older family planning centers indicates that the

locations of family planning centers are effectively independent of household size.
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TA B L E 6. Further/ Heterogeneity Analysis

No

Spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. 5 Spec. 6 Spec. 7 Spec. 8 Spec. 9

Enrollment
Total education

expenditure

Completed
years of

schooling
Tutoring

attendance

Enrollment &
Tutoring

attendance

Tutoring
attendance
frequency

Tutoring
expenditure

Tutoring
hours

Years
attending
tutoring

Various definitions for family size

1 Number of siblings
age 0–18 less than

or equal to 3

20.110 2520.659 21.001 20.630* 20.609** 20.876** 21158.703* 2321.754 22.450*
(20.89) (21.63) (21.33) (21.88) (22.03) (22.05) (21.75) (21.43) (21.92)

N 4750 3934 4750 3937 4750 4054 3937 4053 4054
2 Number of siblings

age 0–18, relaxed
definition

20.136 2436.722** 20.745 20.474** 20.541** 20.767** 2902.347** 2347.998** 22.283**

(21.37) (21.96) (21.41) (22.13) (22.15) (22.33) (22.03) (21.96) (22.28)

N 7000 5540 7000 5550 7000 5704 5550 5703 5704
3 Number of siblings

age 6–18
20.115 2457.807* 20.914 20.461** 20.523** 20.729** 2846.219* 2283.496 22.132**

(21.04) (21.89) (21.41) (22.08) (22.06) (22.27) (21.91) (21.54) (22.22)
N 5015 4125 5015 4128 5015 4251 4128 4250 4251
Birth order

4 Birth order index
added to the

control variables

20.025 20.372* 20.095 20.433** 20.429* 20.688** 2933.382* 2262.425 21.560*
(20.23) (21.68) (20.18) (22.11) (21.85) (22.21) (21.94) (21.41) (21.84)

N 3880 3289 3880 3292 3880 3396 3292 3395 3396
School quality

(Continued)
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TABLE 6. Continued

No

Spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. 5 Spec. 6 Spec. 7 Spec. 8 Spec. 9

Enrollment
Total education

expenditure

Completed

years of
schooling

Tutoring
attendance

Enrollment &

Tutoring
attendance

Tutoring

attendance
frequency

Tutoring
expenditure

Tutoring
hours

Years

attending
tutoring

5 Estimation sample
being restricted to

the school
considered to have

good or excellent
quality by parents

N/A 2177.341 20.790** 20.306* 20.288** 20.565** 2602.280* 2150.720 21.293**
(21.17) (22.38) (21.94) (21.97) (22.34) (21.85) (21.23) (21.97)

N 2149 2215 2150 2215 2215 2150 2214 2215

Outcomes in 2008

6 All outcome variables

in 2008

20.215* 2413.753 20.073 20.519* 20.576** N/A 21222.416** N/A N/A

(21.90) (21.13) (20.15) (21.91) (22.28) (22.10)
N 6030 4678 6030 4678 6030 4678

Model 2SLS 2SLS 2SLS 2SLS 2SLS 2SLS IV-Tobit IV-Tobit 2SLS

Notes: *p, .1, **p,0.05, ***p,0.01; robust t statistics in parentheses account for clustering at the household level. Unless otherwise noted, each cell
provides the estimated coefficient on the number of siblings age 0–18 from a separation regression that controls for the same explanatory variables in the cor-
responding specification in table 5. All regressions control for regional dummy variables, which include the following regions: Northeast and Northwest,
North Central, South Central Coast, Central Highlands, South East, and Mekong River Delta. The reference category is the Red River Delta. Total household
expenditure is net of education expenditure and tutoring expenditure respectively for the specifications of these outcomes. All household expenditures are in
million Vietnamese dong, except for the expenditure variables in the Tutoring specification. All regressions are estimated with IV method, where the instru-
mental variable is the distance from the commune to the nearest family planning center.

Source: Authors’ analysis based on data from Vietnam Household Living Standards Surveys 2002, 2006, and 2008.

1
3
2

T
H

E
W

O
R

L
D

B
A

N
K

E
C

O
N

O
M

I
C

R
E

V
I
E

W



resources are shared within the extended family (e.g., Alger and Weibull 2010;
Schwarze and Winkelmann 2011). An altruistic model may be an equally valid
model in the context of Vietnam, where Confucian culture remains strong (Huu
Ngoc 1996; Tran 2001). Third, we restrict the number of siblings to age 6–18
only (row 3), hypothesizing that the quantity-quality tradeoff will be stronger
because households have to invest more in school-age children than in younger
ones. Reassuringly, estimates are both larger in magnitude and have slightly
stronger statistical significance when we use the more general definition of family
size (row 2) and restrict the analysis to school-age siblings (row 3).

BIRTH ORDER. Beyond the impacts of family size, the birth order of a child can
also influence his or her parents’ resource allocation in different directions. For
example, first-born children may enjoy more parental time and investment due to
their unique timing position (Price 2008; de Haan 2010), but younger siblings
may benefit more if parents’ earnings (Parish and Willis 1993) or child-rearing
experience increase over the life cycle. Since birth order is closely related with
family size (e.g., a child in a higher birth order is more likely to be in a larger
family), we construct a birth order index suggested by Booth and Kee (2009) that
is purged of family-size effect. This index is defined as p/((n þ 1)/2), where p is
the child’s birth order, and n the total number of children in the family. We add
this birth-order index to our equation of interest (row 4) and find that coeffi-
cients become larger (in absolute value) but estimation results are qualitatively
similar.50

PERCEPTION OF SCHOOL QUALITY. We turn next to the role of school quality in influ-
encing parents to send their children to tutoring lessons. Only a small proportion
of households in Vietnam cite poor school quality as the reason for enrolling
their children in tutoring classes (table 1), but other studies suggest that the op-
posite holds in other countries (Kim and Lee 2010; Bray and Lykins 2012). To
examine the hypothesis that the negative impacts of family size may possibly not
hold for children enrolled in high-quality schools, we restrict our estimation
sample to children going to schools perceived by their parents as being of high
quality, and we find estimation results for tutoring outcomes to be very similar,
except that the impact of household size on education expenditure now loses its
statistical significance (row 5).

50. The Pearson correlation coefficient with family size decreases from 0.49 for birth order to 20.08

with this index, which indicates that family size effect is largely netted out. We also try another birth order

index suggested by Ejrnaes and Portner (2004) but find similar results. Because certain cultures, especially

in Asia, may prefer sons over daughters, older sons may be more favored than their younger female

siblings. We also try interacting this birth-order index with the male variable, but this interaction variable

is not significant either. However, we do not have census data, and the birth order we have is for those

children that are currently living in the household only. Thus we do not rule out the possibility that birth

orders may have a (weak) impact on our results.
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OUTCOMES FOR YOUNGER COHORTS IN 2008. Recent studies find that the quantity-
quality tradeoff holds for younger but not older cohorts in Norway (Black,
Devereux, and Salvanes 2010), turns from positive to no effect and then negative
during the 1977–2009 period in Brazil (Marteleto and de Souza 2012), and
changes from positive for older cohorts to negative for younger cohorts in urban
areas in Indonesia (Maralani 2008). To investigate whether this tradeoff applies
to younger cohorts in Vietnam, we rerun the same regressions using the 2008
round of the VHLSSs for children in the same age range (6–18).51 While the
2008 data collect fewer variables on tutoring, our estimation results on the avail-
able indicators provide broadly qualitatively similar results (row 6), except that
the effect on education expenditure is no longer statistically significant, while
the effect on enrollment is statistically significant at the 10 percent level, and the
effect on tutoring expenditure becomes stronger both in magnitude and statistical
significance.52

Impacts of Family Size on Tutoring Investment Versus Traditional Measures

The regressions in tables 5 and 6 consider measures of household investment in
tutoring only using equations (11) and (12). As discussed with our theoretical
model, private tutoring should also be examined in its relationship with regular
school. To operationalize this hypothesis, we can rewrite equation (11) slightly
differently

Eijk ¼ ak þ bkFamSizei þ gkXij þ mik þ qijk; ð14Þ

where k indexes the different types of household investment in education such as
education expenditure or private tutoring expenditure. The error term 1ij is
broken into two components that vary by household investment type: mik and
qijk, which respectively represent unobserved household effects (e.g., household
tastes for their children’s education across different types of education invest-
ments) and the child idiosyncratic error term.

If we assume that households have the same preference over investment in
regular school and tutoring (i.e., mik being the same for these two investment

51. As in a previous robustness check regression (table 1.6, row 5), because the distances to school

variables are not significant in this specification, we left them out to allow larger sample sizes and greater

precision of estimates.

52. Since IV estimates may refer to the unobserved subset of the population that reacts to distance to

the family planning center—which is known as the Local Average Treatment Effects (LATE) (see, for

example, Imbens and Angrist 1994; Angrist and Pischke 2009)—one concern arises that our previous

estimation results may apply only to these households, which may comprise a small share of the total.

However, various additional estimation results such as restricting the estimation sample to better-off

households in the richer three consumption quintiles and others (see table S1.9 in the online appendix)

indicate that a substantial share of the population (i.e., half or more) appears to be influenced by this IV.

Restricting the estimation sample to households in the poorest three consumption quintiles provides

qualitatively similar but less statistically significant results (see table S1.10 in the online appendix). Also

see Dang and Rogers (2013) for further discussion.
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types), we can in fact difference out the unobserved household effects by consid-
ering the absolute difference of these two investments

DEij;ln ¼ Daln þ DblnFamSizei þ DglnXij;ln þ Dqij;ln ð15aÞ

or, equivalently,

DEij;ln ¼ aa þ baFamSizei þ gaXij þ qa;ij; ð15bÞ

where DEij;ln ; Eijl � Eijn, with l and n being, respectively, the investment in regular
school and tutoring, and the coefficients in equations (15a) rewritten for conve-
nience of presentation (e.g., Dbln ; ba). Similarly, we can consider the relative
difference of these two investments

Eijl

Eijn
¼ Daln þ DblnFamSizei;ln þ DglnXij;ln þ Dqij;ln ð16aÞ

or

Eijl

Eijn
¼ ar þ brFamSizei þ grXij þ qr;ij; ð16bÞ

where we have
bl

bn

; Dbln ¼ br instead.53

Given this assumption of similar household preference over education invest-
ment types, we can simply estimate the impacts of family size on the difference
between household investment in private tutoring and regular school with OLS
method. However, if households have different preferences between tutoring and
regular school, the unobserved household effects mik cannot be differenced out
and we would need to instrument for family size with the distance to the family
planning center in estimating these equations. While it may not seem unreason-
able to think that the assumption of similar preference can hold in certain con-
texts, we believe that this assumption may not hold for the average household in
Vietnam given the diverse opinions frequently raised on tutoring in the local
media. It thus appears that the uninstrumented regressions would, similar to the
results shown in table 5, offer estimates of the impacts of family size that are
biased upward toward zero.

Still, for comparison purposes we estimate equations (14) and (15) by both
OLS and IV methods and provide estimation results in table 7, where the OLS
results are shown at the bottom of this table. For the absolute differences, we

53. We derive equation (16a) by rewriting the dependent variable in equation (1) in log format before

taking the ratios of the two investments, and then removing the log format of the ratio of the two

investments for easier interpretation. Another way to think about this ratio is tutoring investment

standardized by investment in regular schooling.
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TA B L E 7. Impacts of Family Size on Private Tutoring Versus Regular School for Children Age 6–18, Vietnam 2006

Instrumented Regressions

Spec. 1 Spec. 2 Spec. 3 Spec. 4

Tutoring attendance (with
nonattendance including both

enrollment and non-enrollment)

Education expenditure
net of tutoring
expenditure

Share of tutoring
expenditure in education

expenditure

Share of years attending
tutoring over completed

years of schooling

Number of siblings age 0–18 20.311** 20.243** 20.077* 20.203**
(22.23) (22.02) (21.84) (22.12)

Age 0.009* 0.101*** 0.002 20.002
(1.74) (12.49) (1.06) (20.48)

Male 20.087*** 20.050* 20.027*** 20.061***
(22.84) (21.93) (22.87) (22.83)

Years before last grade in
current school level

20.008 0.044*** 20.003 0.003
(20.95) (6.74) (21.12) (0.48)

Secondary school 0.020 20.315*** 20.012 20.044**
(0.70) (26.79) (21.39) (22.30)

Mother age 0.112** 0.056 0.027* 0.064*
(2.20) (1.25) (1.79) (1.82)

Mother age squared 20.001** 20.001 20.000* 20.001*
(22.20) (21.28) (21.82) (21.88)

Female-headed household 20.041 20.026 0.007 20.027
(20.71) (20.54) (0.38) (20.69)

Head’s years of schooling 20.005 0.001 20.001 20.001
(20.64) (0.19) (20.47) (20.24)

Ethnic majority group 0.085 0.063 0.026 0.073*
(1.42) (1.26) (1.52) (1.71)

Total household expenditures 0.007*** 0.012*** 0.003*** 0.005***
(3.59) (6.12) (4.23) (3.74)

Distance to primary school 0.010 0.004 0.005* 0.005
(1.02) (0.45) (1.81) (0.85)

Distance to secondary school 20.003 0.001 20.002** 20.005**
(20.71) (0.21) (22.45) (22.21)

Constant 21.273* 21.585*** 20.264 20.445
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(21.85) (22.61) (21.28) (20.92)
Model 2SLS 2SLS 2SLS 2SLS
F test 39.98 45.59 31.68 37.61
N 4248 4125 4091 4248
Mean of dependent variable 0.41 0.47 0.11 0.30

Non-Instrumented

Regressions

20.045*** 20.050*** 20.014*** 20.034***
(25.32) (27.22) (25.13) (25.51)

Notes: *p, .1, **p,0.05, ***p,0.01; robust t statistics in parentheses account for clustering at the household level. All regressions control for regional
dummy variables, which include the following regions: Northeast and Northwest, North Central, South Central Coast, Central Highlands, South East, and
Mekong River Delta. The reference category is the Red River Delta. Total household expenditure is net of education expenditure and tutoring expenditure,
respectively, for the specifications of these outcomes. All household expenditures are in million Vietnamese dong, except for the expenditure variables in the
Tutoring specification. All regressions are estimated with IV method, where the instrumental variable is the distance from the commune to the nearest family
planning center.

Source: Authors’ analysis based on data from Vietnam Household Living Standards Surveys 2002 and 2006.
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consider a dummy variable that is 1 if the child attended tutoring in the past
twelve months and 0 otherwise (i.e., equivalent to subtracting the school enroll-
ment variable from the enrollment and tutoring attendance variable), and educa-
tion expenditure net of tutoring expenditure (i.e., equivalent to subtracting
tutoring expenditure from total education expenditure). For the relative differ-
ences, we consider two share variables: tutoring expenditure over total education
expenditure and years of tutoring over completed years of schooling.

The IV estimated coefficients on family size are negative and statistically signifi-
cant at the 5 percent level for all these variables, except for the share of tutoring ex-
penditure over education expenditure, which is significant at the 10 percent level.
These results indicate that one more sibling reduces the probability of attending
tutoring (unconditional on whether the child is enrolled in school or not) by 31 per-
centage points; reduces education expenditure net of tutoring expenditure by D
243,000; and reduces the two share variables by 8 percentage points and 20 per-
centage points, respectively. These estimated coefficients are roughly five or six
times larger in absolute magnitude than the uninstrumented regression coefficients.

These estimation results thus validate our theoretical discussion that house-
hold demand for tutoring is more elastic to changes in family size than are other
traditional measures and that tutoring investment merits more attention as a new
measure of household education investment.

V. C O N C L U S I O N

We find in this paper that families invest less in the education of school-age chil-
dren who have larger numbers of siblings. Using the distance to the nearest
family planning center as the instrument to identify the impacts of family size on
household investment, the instrumented number of siblings has a strongly nega-
tive effect on education investment, and the estimated coefficient is much larger
(in absolute value) than in the original uninstrumented regressions. This effect is
robust across different indicators of educational investment—including the
general education expenditure on the child, frequency of tutoring attendance,
and expenditure and hours spent on tutoring—as well as with different specifica-
tions and definitions of family size.

Our results provide evidence that parents in Vietnam are indeed making a
child quality-quantity tradeoff. The results suggest further that by lowering the
relative cost of child quality and encouraging families to invest in quality, the
availability of family planning services has increased investment in education in
Vietnam. Finally, the analysis suggests that, compared with traditional indicators
like enrollment, data on tutoring may be a more illuminating indicator of
parents’ willingness to invest in the quality of education of their children. Indeed,
the hypothesized quantity-quality tradeoff appears much more strongly in the
tutoring-based measures than in the simple enrollment decision, which may be a
coarser indicator of the household’s desire to invest in human capital. These
results suggest the need for more research into these quality-oriented measures of
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schooling investment, which could be examined in other contexts—besides the
quantity-quality tradeoff model—that are broadly related to education efficiency
and human capital enrichment.

RE F E R E N C E S

Alger, I., and J. W. Weibull. 2010. “Kinship, Incentives, and Evolution.” American Economic Review

100: 1725–58.

Angrist, J. D., and W. N. Evan. 1998. “Children and Their Parent’s Labor Supply: Evidence from

Exogenous Variation in Family Size.” American Economic Review 80 (3): 313–36.

Angrist, J. D., and J.-S. Pischke. 2009. Mostly Harmless Econometrics: An Empiricist’s Companion. New

Jersey: Princeton University Press.

Angrist, J., V. Lavy, and A. Schlosser. 2010. “Multiple Experiments for the Causal Link between the

Quantity and Quality of Children.” Journal of Labor Economics 24 (4): 773–824.

Attfield, I., and B. T. Vu. 2013. “A Rising Tide of Primary School Standards—The Role of Data Systems

in Improving Equitable Access for All to Quality Education in Vietnam.” International Journal of

Education Development 33: 74–87.

Bailey, M. J. 2006. “More Power to the Pill: The Impact of Contraceptive Freedom on Women’s Lifecycle

Labor Supply.” Quarterly Journal of Economics 121 (1): 289–320.

Banerjee, A. V., R. Banerji, E. Duflo, R. Glennerster, and S. Khemani. 2010. “Pitfalls of Participatory

Programs: Evidence from a Randomized Evaluation in Education in India.” American Economic

Journal: Economic Policy 2 (1): 1–30.

Barro, R. J., and J.-W. Lee. 2012. “A New Data Set of Educational Attainment in the World, 1950–

2010.” Working paper. Department of Economics, Harvard University.

Becker, G. S. 1960. “An Economic Analysis of Fertility.” In Gary S. Becker, eds. Demographic and

Economic Change in Developed Countries. New Jersey: Princeton University Press.

Becker, G. S., and H. G. Lewis. 1973. “On the Interaction between the Quantity and Quality of

Children.” Journal of Political Economy 81: S279–288.

Becker, G. S., and N. Tomes. 1976. “Child Endowments and the Quantity and Quality of Children.”

Journal of Political Economy 84 (4): S143–162.

Belanger, D. 2002. “Son Preference in a Rural Village in North Vietnam.” Studies in Family Planning

33 (4): 321–34.

Black, S. E., P. J. Devereux, and K. G. Salvanes. 2005. “The More the Merrier? The Effect of Family Size

and Birth Order on Children’s Education.” Quarterly Journal of Economics 120 (2): 669–700.

———. 2010. “Small Family, Smart Family? Family Size and IQ Scores of Young Men.” Journal of

Human Resources 45 (1): 33–58.

Bloom, D. E., D. Canning, G. Fink, and J. E. Finlay. 2009. “Fertility, Female Labor Force Participation,

and the Demographic Dividend.” Journal of Economic Growth 14: 79–101.

Booth, A. L., and H. J. Kee. 2009. “Birth Order Matters: The Effect of Family Size and Birth Order on

Educational Attainment.” Journal of Population Economics 22: 367–97.

Bray, M. 2009. Confronting the Shadow Education System. What Government Policies for What Private

Tutoring. International Institute for Educational Planning. Paris: UNESCO.

Bray, M., and C. Lykins. 2012. Shadow Education: Private Supplementary Tutoring and Its Implications

for Policy Makers in Asia. Manila: Asia Development Bank.

Caceres-Delpiano, J. 2006. “The Impacts of Family Size on Investment in Child Quality.” Journal of

Human Resources 41 (4): 738–54.

Card, D. 1995. “Using Geographic Variation in College Proximity to Estimate the Return to Schooling.”

In L. N. Christofides, E. K. Grant, and R. Swidinsky, eds., Aspects of Labor Market Behaviour: Essays

in Honour of John Vanderkamp. University of Toronto Press: Toronto.

Dang and Rogers 139



Dang, H.-A. 2007. “The Determinants and Impact of Private Tutoring Classes in Vietnam.” Economics of

Education Review 26 (6): 684–99.

———. 2008. Private Tutoring in Vietnam: An Investigation of its Causes and Impacts with Policy

Implications, VDM Verlag Dr. Mueller Publishing House: Saarbrucken, Germany.

———. 2011. “A Bird’s-Eye View of the Private Tutoring Phenomenon in Vietnam.” International

Institute for Asian Studies Newsletter (Leiden, the Netherlands), 56 (1): 26–27.

———. 2013. “Private Tutoring in Vietnam: A Review of Current Issues and Its Major Correlates.” In

J. Aurini, J. Dierkes, and S. Davis, eds., Out of the Shadows: The Global Intensification of

Supplementary Education. United Kingdom: Emerald Press.

Dang, H.-A., and H. Rogers. 2008. “The Growing Phenomenon of Private Tutoring: Does It Deepen

Human Capital, Widen Inequalities, or Waste Resources?” World Bank Research Observer 23 (2):

161–200.

———. 2013. “The Decision to Invest in Child Quality over Quantity: Household Size and Household

Investment in Education in Vietnam.” World Bank Policy Research Working Paper No. 6487.

Dang, H.-A., and P. Glewwe. 2009. “An Analysis of Learning Outcomes for Vietnam.” Working paper.

Dang, N. A., C. Tacoli, and T. X. Hoang. 2003. “Migration in Vietnam A Review of Information on

Current Trends and Patterns, and Their Policy Implications.” Paper presented at the Regional

Conference on Migration, Development and Pro-Poor Policy Choices in Dhaka, Bangladesh.

Do, M. P., and M. A. Koenig. 2007. “Effect of Family Planning Services on Modern Contraceptive

Method Continuation in Vietnam.” Journal of Biosocial Science 39 (2): 201–20.

DeGraff, D. S., R. E. Bilsborrow, and D. K. Guilkey. 1997. “Community Level Determinants of

Contraceptive Use in the Philippines: A Structural Analysis.” Demography 34 (3): 385–98.

de Haan, M. 2010. “Birth Order, Family Size and Educational Attainment.” Economics of Education

Review 29 (4): 576–88.

Ejrnaes, M., and C. C. Portner. 2004. “‘Birth-Order and the Intrahousehold Allocation of Time and

Education.” Review of Economics and Statistics 86: 1008–19.

Emran, M. S., and Z. Hou. 2013. “Access to Markets and Rural Poverty: Evidence from Household

Consumption in China.” Review of Economics and Statistics 95 (2): 682–97.

General Department of Population and Family Planning (GDPFP). 2011.

(Population and Family

Planning Activities in Vietnam: 50 Years of Development (1961–2011). Hanoi, Vietnam: Ministry of

Health.

General Statistical Office (GSO). 2012. Statistical Yearbook of Vietnam 2011. Hanoi: Statistical

Publishing House.

Gibson, J., and D. McKenzie. 2007. “Using Global Positioning Systems in Household Surveys for Better

Economics and Better Policy.” World Bank Research Observer, 22(2): 217–41.

Glewwe, P., and M. Kremer. 2006. “School, Teachers, and Education Outcomes in Developing

Countries.” In Eric A Hanushek, and Finis Welch, eds. Handbook of the Economics of Education.

Amsterdam: North Holland.

Goodkind, D. M. 1995. “Vietnam’s One-or-Two-Child Policy in Action.” Population and Development

Review, 21(1): 85–111.

Greene, W. H. 2012. Econometric Analysis, 7th Edition. New Jersey: Prentice Hall.

Henshaw, S. K., S. Singh, and T. Haas. 1999. “The Incidence of Abortion Worldwide.” International

Family Planning Perspectives 25: S30–S38.

Imbens, G. W., and J. D. Angrist. 1994. “Identification and Estimation of Local Average Treatment

Effects.” Econometrica 62 (2): 467–75.

Jayachandran, S. 2014. “Incentives to Teach Badly? After-School Tutoring in Developing Countries.”

Journal of Development Economics 108: 190–205.

140 T H E W O R L D B A N K E C O N O M I C R E V I E W



Joshi, S., and T. Paul Schultz. 2013. “Family Planning and Women’s and Children’s Health: Long-Term

Consequences of an Outreach Program in Matlab, Bangladesh.” Demography, 50:

149–80.

Kang, C. 2011. “Family Size and Educational Investments in Children: Evidence from Private Tutoring

Expenditures in South Korea.” Oxford Bulletin of Economics and Statistics, 73(1): 59–78.

Kaufman, J., Z. Zhirong, Q. Xinjian, and Z. Yang. 1992. “The Creation of Family Planning Service

Stations in China.” International Family Planning Perspectives 18 (1): 18–23.

Kim, S., and J.-H. Lee. 2010. “Private Tutoring and Demand for Education in South Korea.” Economic

Development and Cultural Change 58 (2): 259–96.

Klein, R., and F. Vella. 2010. “Estimating a Class of Triangular Simultaneous Equations Models without

Exclusion Restrictions.” Journal of Econometrics 154: 154–64.

Klepinger, D., S. Lundberg, and R. Plotnick. 1999. “How Does Adolescent Fertility Affect the Human

Capital and Wages of Young Women?” Journal of Human Resources 34 (3): 421–48.

Lanjouw, J. O., P. Lanjouw, B. Milanovic, and S. Paternostro. 2004. “Relative Price Shifts, Economies of

Scale and Poverty during Economic Transition.” Economics of Transition 12, 509–36.

Le, L. C., R. Magnani, J. Rice, I. Speizer, and W. Bertrand. 2004. “Reassessing the Level of Unintended

Pregnancy and Its Correlates in Vietnam.” Studies in Family Planning 35 (1): 15–26.

Lee, J. 2008. “Sibling Size and Investment in Children’s Education: An Asian Instrument.” Journal of

Population Economics 21: 855–75.

Lewbel, A. 2012. “Using Heteroscedasticity to Identify and Estimate Mismeasured and Endogenous

Regressor Models.” Journal of Business & Economic Statistics 30 (1): 67–80.

Li, H., J. Zhang, and Y. Zhu. 2008. “The Quantity-Quality Trade-off of Children in a Developing

Country: Identification Using Chinese Twins.” Demography 45 (1): 223–43.

Maralani, V. 2008. “The Changing Relationship between Family Size and Educational Attainment over

the Course of Socioeconomic Development: Evidence from Indonesia.” Demography, 45, 693–717.

Marteleto, L. J., and L. R. de Souza. 2012. “The Changing Impact of Family Size on Adolescents’

Schooling: Assessing the Exogenous Variation in Fertility Using Twins in Brazil.” Demography 49:

1453–77.

McKenzie, D., and Y. S. Sakho. 2010. “Does It Pay Firms to Register for Taxes? The Impact of Formality

on Firm Profitability.” Journal of Development Economics 91 (1): 15–24.

Miller, G. 2010. “Contraception as Development: New Evidence from Family Planning in Columbia.”

Economic Journal 120: 709–36.

Ministry of Health (MOH). 2001.

(Decision 385/

2001/QÐ-BYT on Provision of Technical Guidelines on Mothers’ Birth Health at Health Facilities). Accessed

on August 23 2013 at http://thuvienphapluat.vn/archive/Quyet-dinh-385-2001-QD-BYT-nhiem-vu-ky-thuat-

trong-cham-soc-suc-khoe-sinh-san-tai-co-so-y-te-vb93175.aspx.

Ngoc, H. 1996. Sketches for a Portrait of Vietnamese Culture. Hanoi: The Gioi Publisher.

Oster, E. 2012. “HIV and Sexual Behavior Change: Why not Africa?” Journal of Health Economics 31:

35– 49.

Parish, W. L., and R. J. Willis. 1993. “Daughters. Education, and Family Budgets: Taiwan Experiences.”

Journal of Human Resources 28 (4): 863–98.

Phai, N. V., J. Knodel, M. V. Cam, and H. Xuyen. 1996. “Fertility and Family Planning in Vietnam:

Evidence from the 1994 Intercensal Demographic Survey.” Studies in Family Planning 27 (1): 1–17.

Ponczek, V., and A. P. Souza. 2012. “New Evidence of the Causal Effect of Family Size on Child Quality

in a Developing Country.” Journal of Human Resources 47 (1): 64–106.

Portner, C. C., K. Beegle, and L. Christiaensen. 2011. “Family Planning and Fertility Estimating Program

Effects Using Cross-Sectional Data.” Policy Research Working Paper 5812. Washington DC: World

Bank.

Dang and Rogers 141

http://thuvienphapluat.vn/archive/Quyet-dinh-385-2001-QD-BYT-nhiem-vu-ky-thuat-trong-cham-soc-suc-khoe-sinh-san-tai-co-so-y-te-vb93175.aspx
http://thuvienphapluat.vn/archive/Quyet-dinh-385-2001-QD-BYT-nhiem-vu-ky-thuat-trong-cham-soc-suc-khoe-sinh-san-tai-co-so-y-te-vb93175.aspx
http://thuvienphapluat.vn/archive/Quyet-dinh-385-2001-QD-BYT-nhiem-vu-ky-thuat-trong-cham-soc-suc-khoe-sinh-san-tai-co-so-y-te-vb93175.aspx
http://thuvienphapluat.vn/archive/Quyet-dinh-385-2001-QD-BYT-nhiem-vu-ky-thuat-trong-cham-soc-suc-khoe-sinh-san-tai-co-so-y-te-vb93175.aspx
http://thuvienphapluat.vn/archive/Quyet-dinh-385-2001-QD-BYT-nhiem-vu-ky-thuat-trong-cham-soc-suc-khoe-sinh-san-tai-co-so-y-te-vb93175.aspx
http://thuvienphapluat.vn/archive/Quyet-dinh-385-2001-QD-BYT-nhiem-vu-ky-thuat-trong-cham-soc-suc-khoe-sinh-san-tai-co-so-y-te-vb93175.aspx
http://thuvienphapluat.vn/archive/Quyet-dinh-385-2001-QD-BYT-nhiem-vu-ky-thuat-trong-cham-soc-suc-khoe-sinh-san-tai-co-so-y-te-vb93175.aspx
http://thuvienphapluat.vn/archive/Quyet-dinh-385-2001-QD-BYT-nhiem-vu-ky-thuat-trong-cham-soc-suc-khoe-sinh-san-tai-co-so-y-te-vb93175.aspx


Price, J. 2008. “Parent-Child Quality Time Does Birth Order Matter?” Journal of Human Resources

43 (1): 240–65.

Qian, N. 2013. “Quantity-Quality and the One Child Policy:The Only-Child Disadvantage in School

Enrollment in Rural China.” Working paper, Yale University.

Rosenzweig, M. R., and K. I. Wolpin. 1980. “Life Cycle Labor Supply and Fertility: Causal Inferences

from Household Models.” Journal of Political Economy 88 (2): 328–48.

———. 1986. “Evaluating the Effects of Optimally Distributed Public Programs: Child Health and

Family Planning Interventions.” American Economic Review 76 (3): 470–82.

Rosenzweig, M. R., and T. P. Schultz. 1985. “The Demand for and Supply of Births: Fertility and Its Life

Cycle Consequences.” American Economic Review 75 (5): 992–1015.

Rosenzweig, M. R., and J. Zhang. 2009. “Do Population Control Policies Induce More Human Capital

Investment? Twins, Birth Weight and China’s “One-Child” Policy.” Review of Economic Studies 76:

1149–74.

Sabia, J. J. 2007. “The Effect of Body Weight on Adolescent Academic Performance.” Southern Economic

Journal 73 (4): 871–900.

San, P. B., J. A. Ross, N. L. Phuong, and N. D. Vinh. 1999. “Measuring Family Planning Program Effort

at the Provincial Level: A Vietnam Application” International Family Planning Perspectives 25 (1):

4–9.

Schultz, T. P. 2008. “Population Policies, Fertility, Women’s Human Capital and Child’s Quality.” In

T Paul Schultz, and John Strauss. (Eds). Handbook of Development Economics. Vol 4. North Holand:

Elsevier.

Schwarze, J., and R. Winkelmann. 2011. “Happiness and Altruism within the Extended Family.” Journal

of Population Economics 24: 1033–51.

Scornet, C. 2001. “An Example of Coercive Fertility Reduction, as Seen in the Region of the Red River

Delta in Viet Nam.” Population: An English Selection 13 (2): 101–34.

Steelman, L. C., B. Powell, R. Werum, and S. Carter. 2002. “Reconsidering the Effects of Sibling

Configuration: Recent Advances and Challenges.” Annual Review of Sociology 28: 243–69.

Stiglitz, J. E. 2013. “Equal Opportunity, Our National Myth.” New York Times, 16 February 2013.

Stock, J. H., and M. Yogo. 2005. “Testing for Weak Instruments in Linear IV Regression.” In

D. W. K. Andrews, and J. H. Stock, eds., Identification and Inference for Econometric Models:

Essays in Honor of Thomas Rothenberg. Cambridge: Cambridge University Press.

Thang, N. M., and D. N. Anh. 2002. “Accessibility and Use of Contraceptives in Vietnam.” International

Family Planning Perspectives 28 (4): 214–19.

Thang, N. M., and V. T. Huong. 2003. “Changes in Contraceptive Use in Vietnam.” Journal of Biosocial

Science 35 (4): 527–43.

Tran, N. T. 2001. (Discovering the Identity of Vietnamese

Culture: Typological-Systematic Views.) Ho Chi Minh City, Vietnam: Ho Chi Minh City Publishing

House.

World Bank. 2014. World Bank Development Indicators Online.

Vu, Q. N. 1994. “Family Planning Programme in Viet Nam.” Vietnam Social Sciences 39: 3–20.

Zhang, Y. 2013. “Does Private Tutoring Improve Students’ National College Entrance Exam

Performance?—A Case Study from Jinan, China.” Economics of Education Review 32: 1–28.

Zimmer, R., L. Hamiltona, and R. Christina. 2010. “After-school Tutoring in the Context of no Child

Left Behind: Effectiveness of Two Programs in the Pittsburgh Public Schools.” Economics of

Education Review 29 (1): 18–28.

142 T H E W O R L D B A N K E C O N O M I C R E V I E W



The Impact of Vocational Schooling on Human
Capital Development in Developing Countries:

Evidence from China
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A number of developing countries are currently promoting vocational education and
training (VET) as a way to build human capital and strengthen economic growth. The
primary aim of this study is to understand whether VET at the high school level contrib-
utes to human capital development in one of those countries—China. To fulfill this aim,
we draw on longitudinal data on more than 10,000 students in vocational high school
(in the most popular major, computing) and academic high school from two provinces
of China. First, estimates from instrumental variables and matching analyses show that
attending vocational high school (relative to academic high school) substantially
reduces math skills and does not improve computing skills. Second, heterogeneous
effect estimates also show that attending vocational high school increases dropout, espe-
cially among disadvantaged (low-income or low-ability) students. Third, we use verti-
cally scaled (equated) baseline and follow-up test scores to measure gains in math and
computing skills among the students. We find that students who attend vocational high
school experience absolute reductions in math skills. Taken together, our findings
suggest that the rapid expansion of vocational schooling as a substitute for academic
schooling can have detrimental consequences for building human capital in developing
countries such as China. JEL codes: I25, J24, O15
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As the economies of developing countries shift from lower value-added to higher
value-added industries and experience technological change, their need for
human capital also increases (Heckman and Yi 2012). Higher value-added jobs
must be staffed with employees who are equipped with greater skills (Bresnahan
et al. 2002). Without a labor force with sufficient skills, developing economies
could ultimately stagnate (Hanushek and Woessman 2012).

A number of developing countries identify vocational education and training
(VET) as a key approach to building human capital. For example, the promotion
of VET at the high school level (or “vocational high school”) has become a
policy priority among emerging economies such as Brazil, Indonesia, and China
(Newhouse and Suryadarma 2011; National Congress of Brazil 2011; China
State Council 2010). Over the past decade, these countries have increased
funding and enrollments in vocational high school (often in lieu of academic
high school—e.g., Indonesia, see Newhouse and Suryadarma 2011). The ratio-
nale underlying these policies is that increases in the proportion of vocational—
as opposed to academic—high school enrollments can more effectively build
human capital.

For VET to successfully build human capital in these countries, however, it
must meet two prerequisites. The first prerequisite is that VET must help students
learn specific (vocational) skills that can either directly be used in the labor
market after graduation or serve as a foundation for vocational college (Kuczera
et al. 2008). Second, VET must help students acquire general skills (e.g., in math,
reading, and/or science—Chiswick, Lee, and Miller 2003). The international lit-
erature shows that a solid foundation of general skills has a significant and long-
term impact on the wages of high school graduates (Levy and Murnane 2004).
Research also suggests that job stability for individuals (as well as economic
stability for countries) requires lifelong learning, which is contingent on a foun-
dation in general skills (Kezdi 2006). For these reasons, almost all countries
require vocational high schools to teach general skills (Kuczera et al. 2008).

Surprisingly, there is little evidence from developing countries as to whether
vocational high school helps students acquire specific and general skills, especial-
ly in comparison to academic high school. Cross-national studies based on inter-
national tests such as the PISA show that students in vocational high school have
lower levels of general skills than students in academic high school (by almost
half a standard deviation, see Altinok 2011). However, since the PISA data do
not contain detailed information on student background characteristics (such as
prior test scores) that are necessary to adjust for selection bias, the PISA data are
not suitable for measuring the causal impacts of attending vocational versus aca-
demic high school. Furthermore, because the PISA data are cross-sectional and
not longitudinal, they cannot show how much vocational high school contributes
to gains in student learning.

One exception uses longitudinal data from Indonesia in the 1990s to show
that attending vocational school has little impact on students’ general skills
(Chen 2009). Unfortunately, the Chen study relies on a sample of students
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smaller than 1,000. Because this sample does not have sufficient vocational and
academic high school students that share a common set of characteristics, the
OLS regressions used in the study may give biased results (as they are based on
linear extrapolations away from a common support—King and Zeng 2006).

In this paper, we examine whether vocational high school students are learn-
ing specific and/or general skills. We seek to accomplish three goals. First, we
seek to assess the impact of attending vocational versus academic high school on
the dropout rates, math, and computing skills of the average student. Second, we
seek to estimate the heterogeneous impacts of attending vocational versus aca-
demic high school on the dropout rates and skill levels of disadvantaged (low-
income or low-ability) students. Third, we aim to establish whether vocational
high school leads to any absolute gains in math and computing skills.

To accomplish these aims, we conduct analyses using longitudinal data on
more than 10,000 students in China. Estimates from instrumental variables
and matching analyses show that attending the most popular major in Chinese
vocational schools (computers) relative to attending academic high school
substantially reduces math skills without improving computing skills. Attending
vocational high school also increases dropout, especially among disadvantaged
(low-income and low-ability) students. We also use comparable (equated or
scaled) baseline and follow-up test scores to measure students’ absolute gains in
math and computing skills. We find that computing major students who attend
vocational high school experience absolute reductions in math. Taken together,
our findings indicate that the promotion of vocational schooling as a substitute
for academic schooling may be detrimental to building human capital in develop-
ing countries such as China.

I . B A C K G R O U N D

Like many other developing countries, policymakers in China have a strong in-
terest in using VET to build human capital and drive economic growth (China
State Council 2010). This interest has resulted in the expansion of vocational
high school enrollments from 11.7 to 22.1 million students between 2001 and
2011 and annual investments of more than 21 billion dollars (NBS various years;
MOF and NBS 2011). Policymakers in China also hope to use VET to help disad-
vantaged (low-income or low-ability) students gain employment (China State
Council 2010). It is for this reason that policymakers have provided financial aid
to all vocational high school students and waived tuition for low-income voca-
tional high school students in particular (China State Council 2010; MOF and
MOE 2006).

What are vocational high schools supposed to accomplish? Vocational high
school students are trained to become mid-level skilled workers. By policy
design, the computer major in China is set up to train workers for entry level
jobs in database management, website administration, software engineering, ad-
vertising (layout, photo-editing), or computer animation (Chinese Ministry of
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Education 2008). This differs from academic high school, which trains students
in academic or general skills, mainly for entry into higher education.

In terms of curriculum, vocational high school students in the first year of the
computing major are supposed to spend roughly equal amounts of time on aca-
demic and computing skills.1 In their second year, students spend the majority of
their time on computing skills. Students spend the third year in internships.

Academic high schools, by contrast, are focused on academic subjects tested
on the college entrance examination, with roughly only 10% of time spent on
subjects like music, computers, or physical exercise.

How do students choose to attend vocational high school? After graduating
from junior high, students decide between entering the labor market, vocational
high school, or academic high school. In China, the level of a student’s high
school entrance examination (HSEE) score is the primary determinant for entry
into academic high school. Every county ostensibly has a cutoff for whether a
student’s score makes him/her eligible to enter academic high school (based on
the number of positions in academic high school available that year). Those who
test below the cutoff are unable to attend academic high school and must choose
whether to enter the labor market or vocational high school. Those students that
test just above the cutoff sometimes waver between whether to attend vocational
or academic high school. Those who test far above the cutoff almost always
attend academic high school.

I I . R E S E A R C H D E S I G N

2.1 Sampling

This paper draws on longitudinal survey data collected by the authors in
October 2011 and May 2012. The sample for the longitudinal survey was
chosen in several steps and covers vocational and academic high schools in differ-
ent regions of China. First, we sampled two provinces in China: Shaanxi and
Zhejiang. Shaanxi province is an inland province in Northwest China and ranks
fifteenth out of thirty-one provinces in terms of GDP per capita (NBS 2012).
Zhejiang is a coastal province that ranks fifth in terms of GDP per capita (NBS
2012). After selecting the two provinces, we sampled the most populous prefec-
tures within each province (three in Shaanxi and four in Zhejiang) and all the
counties in those prefectures.2 In sum, we sampled two provinces, seven prefec-
tures in those provinces, and the seventy-five counties in those prefectures.3

1. All VET curricula are based on national standards (such as those from the Ministry of Education,

which publishes a detailed list of standards for all facilities, textbooks, and software required for

instruction—Chinese Ministry of Education 2008).

2. In contemporary China each province is split into multiple prefectures, which are in turn split into

counties.

3. Note that the seven prefectures in our sample contain seventy-five counties. Since not every one of

these counties had a vocational school or a vocational school with the computing major, the schools in our

sample were distributed in thirty-five of the seventy-five total counties.
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We next sampled vocational high schools from the seven prefectures. According
to administrative records, there were 204 and 285 vocational schools in the sample
prefectures in Shaanxi and Zhejiang, respectively. Using administrative records, we
included all vocational high schools that offered a computer major in our sample.
We focused on the computer major for two reasons. First, computing is studied in
academic high schools (albeit to a lesser degree), which allows us to compare learn-
ing gains in specific skills (i.e., computers) across vocational and academic high
schools. Second, the computer major is the major with the largest number of
enrollments in the two provinces. Over half of all vocational high schools had com-
puting majors, and we only had to exclude 101 schools in Shaanxi and 133
schools in Zhejiang due to the fact that they did not offer computer majors.

After selecting vocational high schools with computing majors, we called
these schools to ask how many new (grade ten) students enrolled in autumn
2011. Schools that reported fewer than fifty grade ten students enrolled in the
computer major were excluded from our sampling frame.4 This criterion meant
that we excluded fifty-six schools in Shaanxi and seventy-eight schools in
Zhejiang. Although the number of excluded schools was higher than we expect-
ed, these small schools comprised less than 15% of the share of computing stu-
dents in Shaanxi and Zhejiang. We then enrolled the remaining forty-six schools
in Shaanxi and fifty-five schools in Zhejiang in our sample.

We concurrently sampled academic high schools in the seven prefectures. We
found 104 and 155 academic high schools in the sample prefectures in Shaanxi
and Zhejiang, respectively. Because we planned to match vocational and aca-
demic high school students, we needed a sample of academic high school stu-
dents that might have considerable overlap in basic student characteristics across
the two types of high schools. To achieve this goal, we excluded elite academic
high schools from our sample. In China, elite academic high schools select stu-
dents of much higher ability than nonelite academic high schools. Few (if any)
students that are eligible for elite academic high schools would ever consider
going to vocational high school. Because students currently enrolled in nonelite
academic high school were more likely to have considered attending vocational
high schools, we only sampled nonelite academic high schools.

Given these criteria for academic high school, we then selected our sample.
Within the seven prefectures, there were sixty-two and eighty-eight nonelite aca-
demic high schools in Shaanxi and Zhejiang (about 60% of all academic high
schools). From these schools, we randomly sampled fifteen eligible nonelite aca-
demic high schools from each province (thirty schools in total).

The next step was to choose which students would be surveyed within the
sample schools. In each vocational high school, we randomly sampled two first-
year computer major classes (one class if the school only had one computer
major class) and surveyed all students in these classes. In each nonelite academic

4. We excluded these small schools because policymakers informed us that such schools were at high

risk of being closed or merged during the school year.
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high school, we randomly sampled two first-year classes and surveyed all stu-
dents in these classes.

2.2 Data Collection

Our data collection started with a baseline (October 2011) survey. The baseline
survey collected data from students, students’ homeroom teachers, and school
principals. Among vocational high schools, 7,114 first-year students in 184
classes filled out the baseline survey. Among academic high schools, 2,957 stu-
dents in fifty-nine classes filled out the baseline survey.5 In total, we surveyed
10,071 students (7114þ2957).

We followed up with the sample vocational and academic high school students
in May 2012 (hereafter known as the endline survey). The survey forms used in
the endline survey were similar to those used in the baseline survey. Most impor-
tantly, our data allowed us to create three primary outcome variables: (a) student
dropout (whether a student was enrolled in a high school as of May 2012); (b)
student gains in computing skills (according to a standardized exam); and (c)
student gains in math skills (according to a standardized exam).

Our first outcome was whether a student (who had started high school in
October 2011) had dropped out by May 2012. To identify dropouts, our enu-
merators filled in a student-tracking form for each class during the endline
survey. This form contained a list of all the students who completed our baseline
survey. Our enumerators marked each student on the baseline list as present,
absent, transferred, on leave, or dropped out, according to information provided
by class monitors. Moreover, after the field survey was over, our enumerators
called the parents or guardians of the students to further ascertain whether the
students marked as dropped out on our tracking form had in fact dropped out.

A multi-step procedure was used to ensure that the computing and math tests
were valid (and represented the types of skills that students were expected to
acquire in high schools in China). First, we collected a pool of over 200 computer
and math exam items (questions) from official sources.6 Because the test items
were based on national standards, they are (according to policy) supposed to be
reflected in the content actually taught in school. Second, to further verify the
content validity of the items, we asked vocational high school teachers to ensure
that the items were relevant to what computer majors would actually be learning
in vocational high school. Third, after piloting the large pool of exam items with
more than 300 students, we designed vertically scaled (equated) baseline and
endline exams using item response theory (IRT). By using the IRT procedure sug-
gested by Kolen and Brennan (2004), we were able to ensure that baseline and

5. Because of low enrollments, there was one academic high school (out of the 30) that only had one

class (instead of 2). This explains why there are fifty-nine classes as opposed to sixty.

6. Specifically, the computer exam items were taken from the previous year’s National Computer

Rank Examination and the National Applied Information Technology Certificate exams. The math exam

items were provided by the National Examination Center and closely matched the current curricular

requirements of high school students in China.
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endline exam scores could be compared on a common scale. Placing the baseline
and endline exam scores on a common scale allows us to measure absolute gains
(or losses) in learning from the start of grade ten until the end of grade ten.

We administered and closely proctored the standardized computer and math
exams during the baseline (October 2011) and endline surveys (May 2012). The
exam scores were then normalized into z-scores (for computers and math sepa-
rately and for the baseline and endline exams separately) by subtracting the mean
and dividing by the standard deviation (SD) of the exam score distribution.7

In addition to gathering data on our outcome variables, our survey included
three blocks pertaining to student background characteristics. The first block
asked students to report their gender, age, whether their household registration
(urban) status was rural or urban, and whether they had migrated before. As a
part of this block, we also asked students to report their HSEE scores, the year
they took the examination, and the prefecture where they took the examination.8

The second block gathered information on students’ families. This block in-
cluded parental education level (a dummy indicator equal to 1 if neither parent
finished junior high and 0 otherwise), parental migration status (whether both
parents stayed at home between January 2011 to August 2011), and whether the
student had any siblings.

The third block was used to identify whether students were from low-income
backgrounds. Students were asked to fill out a checklist of household durable
assets. We used principal components analysis, adjusting for the fact that the
variables are dichotomous and not continuous, to calculate a single metric of the
“family asset value” for each student (see Kolenikov and Angeles 2009).9

Low-income students are defined as those students whose family asset value was
in the bottom 33% of the sample.

Before conducting any analyses, we trim observations that, for substantive
reasons, clearly lie outside the common support shared by academic and voca-
tional high school students. As detailed in our analysis section below, students

7. Although it is standard in education studies, we did not implement a reading test because principals

and local education administrators were concerned that the time of the survey would be too long.

Likewise, our Institutional Review Board was concerned that we would take too much instructional time

away from our respondents by adding a third test.

8. Students are unlikely to suffer from recall bias when reporting on their HSEE scores because they

received their scores only two months before the time of the survey. Granted, it is possible that vocational

students remembered their scores as being lower than they actually were precisely because they ended up

in vocational school. However, this would bias the results toward finding a positive effect of vocational

school. As such, it would not challenge the findings of the paper.

9. We conduct standard robustness tests to see whether the use of polychoric PCA results in a viable

family wealth metric. First, we find that the first principal component explains a large proportion of the

variance in the family asset variables. The second and remaining principal components explain little of the

variance. This indicates that the poverty metric reflects a common relationship underlying the inputs

(wealth). Second, the scoring coefficients on the first principal component for each asset indicator all run

in the anticipated directions. This means that the possession of assets indicates a higher first principal

component score (wealth). Third, we find no evidence of clumping or truncation in our family wealth

metric.
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with extreme ages and test scores or that did not take the HSEE are dropped
from the analyses. Thus, of the original 10,071 students, we first trimmed 263
students who scored in the bottom and top 1% of the baseline math and comput-
er score distributions. Second, we trimmed away another 137 students whose age
is outside the normal range for high school (roughly fourteen to nineteen years
old). We further trimmed students that did not take the HSEE (1,279 students)
or those who took the HSEE in years other than 2010 or 2011 (748 students).
These students made schooling choices (whether or not to take the HSEE and
thus apply for academic high school; whether or not to take the HSEE “on time”
like “regular” students aspiring to go to academic high school) that were clearly
different from academic high school students. By trimming away these students,
we effectively controlled for school choice (between vocational and academic
high school) before conducting our matching analyses. In total, there were 7,644
students remaining after our trimming procedure.

The attrition rate in our analytical sample was low. Of the 7,644 in our analyt-
ical sample, 367 students (4.8% of the sample) were absent (305) or on long-
term sick leave (sixty-two). Another group of 583 students (or roughly 8% of the
analytical sample) dropped out. For the students who dropped out, we recorded
their dropout status and thus include them in our analyses of the impacts of
attending vocational (versus academic) high school on dropout. However, mea-
sures of the computing and math skills of dropouts are missing for such students.

We also test for attrition in appendix table S1 (appendix table S1 in the
supplemental appendix, available at http://wber.oxfordjournals.org/). From
appendix table S1, we can see that the attriting students (the majority of which
are dropouts) differ from non-attriting students in baseline characteristics.
Specifically, attritors were more likely to be male (column 2, significant at the
10% level), older (column 3, significant at the 5% level), have parents who are
not at home (column 7, significant at the 1% level), have lower math scores
(column 9, significant at the 1% level), and have lower computer scores (column
10, significant at the 10% level). Although there is imbalance between attriting
and non-attriting students, the imbalance does not appear to bias our results. In
particular, we estimate Lee Bounds (that account for problematic attrition) for
the endline math and endline computer achievement outcomes (see our robust-
ness check subsection 3.1.2 below).

As our study did not randomly assign students (to academic high school and
vocational high school), we do not expect to see balance between the students
that attended vocational high school and those that attended academic high
school. Indeed, the groups differ substantially in terms of baseline characteristics
(table 1). Vocational high school students are less likely to be among students
with the lowest incomes (row 4), tend to be older (row 6), and have parents that
tend to have migrated in the past (row 8). Moreover, their parents are less likely
to have completed junior high (row 11). Although their math scores are much
lower than academic high students at the baseline (row 12), their computer
scores are slightly higher (row 13). Because of these differences, outcomes such

150 T H E W O R L D B A N K E C O N O M I C R E V I E W

http://wber.oxfordjournals.org/
http://wber.oxfordjournals.org/
http://wber.oxfordjournals.org/
http://wber.oxfordjournals.org/
http://wber.oxfordjournals.org/


as dropout rates or learning in vocational high schools could be due to the kinds
of students who attend rather than the low quality of vocational high schools
compared to (nonelite) academic high schools. Our analytical approach focuses
on addressing this type of selection bias.

2.3 Analytical Approach

To assess the impact of attending vocational versus academic high school on
student dropout rates, computing skills and math skills, we conduct three types
of analyses: (a) ordinary least squares (OLS); (b) instrumental variable (or IV);
and (c) matching analyses. Note that, in all three types of analyses, we estimate
Huber-White standard errors that correct for prefecture-level clustering.10

2.3.1 ORDINARY LEAST SQUARES (OLS). Our first type of analysis uses OLS regres-
sion. We conduct the OLS analysis to examine the basic relationship between the

TA B L E 1. Differences between Vocational High School and Academic High
School Students

(1) (2) (3) ¼ (2) 2 (1)
Academic high school Vocational high school Difference

Low-income1 0.40 0.31 20.09**
Male 0.50 0.57 0.06
Age 15.97 16.14 0.17***
Urban 0.88 0.90 0.01
Student migrated 0.14 0.17 0.04***
Siblings 0.72 0.68 20.03
Parents home 0.87 0.89 0.02
Parents no junior high 0.29 0.40 0.11***
Math baseline (z-score) 2.13 1.16 20.97***
Computer baseline (z-score) 20.33 20.13 0.19***

1The academic high school students appear to be economically poorer than the vocational
high school students in our sample. This is likely because we sampled second tier, nonelite academic
high schools that enrolled students with characteristics more comparable to those in vocational high
schools. In addition, students who do not qualify for academic high schools have two choices: they
may enter the labor market or attend vocational high schools. Students entering the labor market
are typically from poorer backgrounds than those going into vocational high (Song et al. 2013).
That is, a number of vocational high school students were children who were unable to test well
enough to enter academic high schools but came from richer families that did not need to send their
children to the labor market.

Note: Cluster-robust SEs in parentheses; ***p,0.01, **p,0.05, *p,0.1.

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

10. Although it would be most appropriate to adjust standard errors for clustering at the school level,

we conservatively adjust for clustering at the higher levels of aggregation. In particular, we adjust for

clustering at the prefecture level for the OLS and matching analyses (and the county level for the IV

analyses) because we add in prefecture (county) fixed effects when estimating differences across treatment

and control groups. In fact, the results of the paper are substantively the same whether we adjust the

standard errors for clustering at the school level (without prefecture/county fixed effects) or prefecture/

county level (with prefecture/county fixed effects). Results are available from the authors on request.
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treatment (attending vocational versus academic high school) and student out-
comes, while controlling for observable covariates that may confound that rela-
tionship. The basic specification for the OLS analysis is:

Yij ¼ a0 þ a1Vij þXijaþ tp þ 1ij ð1Þ

where Yij represents the outcome variable of interest (dropout, computing, or
math skills) of student i in school j. Vij is a dummy variable for whether or not
student i attended vocational high school at the time of the baseline survey. In
the absence of omitted variables bias, a1 would be the treatment impact of
attending vocational (versus academic) high school on Yij.

The term Xij in equation (1) represents a vector of observable baseline covari-
ates for student i in school j. It includes student and family covariates such as
male (equals 1 if the student is male and 0 if female), age (in days), urban (equals
1 if the student has urban residential permit status and 0 if rural), student migrat-
ed (equals 1 if the student has migrated prior to the baseline survey and 0 other-
wise), siblings (equals 1 if the student has siblings and 0 otherwise), parents at
home (equals 1 if both parents stayed at home between January 2011 to August
2011 and 0 otherwise), parents did not finish junior high (equals 1 if neither
parent finished junior high school and 0 otherwise), and low-income (equals 1 if
students are in the bottom 33% of the distribution of our family asset value vari-
able and 0 otherwise). Importantly, we also control for baseline computer and
math scores. Finally, we control for social, economic, and political differences in
local context by adding a fixed effect term tp to indicate the prefecture where the
student went to high school.11

2.3.2 INSTRUMENTAL VARIABLES. For our second type of analysis, we conduct an in-
strumental variables (IV) analysis. We conduct the IV analysis because, in contrast
to OLS, it can in theory produce causal estimates of the impact of vocational
versus academic high school on student outcomes. In particular, whereas OLS
fundamentally relies on the assumption of ignorability (that after controlling
for observable pretreatment covariates, treatment assignment is independent of
the outcome of interest), the IV analysis relies on two different assumptions
(Murnane and Willett 2010). The first assumption is that of exogeneity: the IV
should influence student outcomes only through the treatment variable (attending
vocational versus academic high school) and not through any other channel. The
second assumption is that the IV should be strongly correlated with the treatment
variable in order to produce consistent treatment effect estimates. We discuss
whether these two assumptions are met in our IV analysis immediately below.

11. The estimates of the impact of attending vocational schools on dropout in tables 2 and 3 are from

a linear probability (OLS) model. Since dropout is a binary outcome, as a robustness check, we also

estimated the impact using a logit model. The results from the logit model are substantively identical to the

OLS results and are available upon request.
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Our IV analysis exploits variation in student HSEE scores relative to an HSEE
score cutoff. In China, HSEE scores determine entry into academic high school.
Every county has a different cutoff for whether a student’s score makes him/her
eligible to enter academic high school. Students with HSEE scores that are equal
to or higher than the HSEE score cutoff in their county can go to academic high
school. By contrast, students with HSEE scores that are lower than the cutoff can
only go to vocational high school (or enter the labor market).

Significantly, while our approach is similar in spirit to a regression discontinuity
design, we apply an IV strategy because standard sensitivity tests show that the
typical RD design is not valid for our situation. In particular, due to the fact that
we sampled (academic and vocational) high school students, the density of students
that score just below the HSEE cutoff (to enter academic high school) is signifi-
cantly less than the density of students that score just above the HSEE cutoff. This
difference is not due to students’ ability to manipulate their HSEE scores. Rather,
the difference arises because a large proportion of students that scored under the
HSEE cutoff and did not get into academic high school chose to enter the unskilled
labor market (where wages are relatively high—see Cai et al. 2008) instead of voca-
tional high school. Since our sample does not include students that chose to enter
the unskilled labor market, the RD design is not strictly valid for our situation.

We instead rely on an IV estimation strategy that still leverages the HSEE cutoff
for academic (versus vocational) high school. Namely, our IV estimation strategy
takes advantage of the strict assignment rule associated with the HSEE cutoff and
yet controls for a number of important baseline covariates that, because of sample
selection bias, may be correlated with the treatment and the outcome variables of
interest (see appendix S1 for a full discussion, appendix S1 in the supplemental
appendix, available at http://wber.oxfordjournals.org/). We further check the ro-
bustness of our IV results to sample selection bias (see subsection 3.1.2).

To apply the IV analysis, we first create an instrumental variable called below
cutoff. Below cutoff equals 1 if a student scored below the HSEE cutoff in the
county in which he/she took the HSEE and 0 if otherwise. We attempted to
collect information on HSEE score cutoffs from each county in our sample pre-
fectures for 2011 (the year in which the vast majority of students in our sample
took the HSEE). In the end, we were able to collect HSEE score cutoffs from
twenty-one of the seventy-five total sample counties, and the IV analysis is only
among these twenty-one counties.12 Note that the HSEE test scores are not com-
parable across different prefectures because each prefecture administers a differ-
ent test. In addition, although students within the same prefecture take the same

12. To attempt to keep information from the other counties, we did in fact try to infer the cutoff

points by looking at the distribution of HSEE scores and vocational versus academic high school entrants

in each county. Unfortunately, we were unable to identify large jumps in entry at particular HSEE score

values. Failing to identify these jumps, we surmise that these other counties did not use a strict cutoff rule

to determine entry into academic high school. This may be the reason why officials in these counties did

not publicly publish their HSEE cutoffs (and the reason that we could not obtain information about these

cutoffs from the county officials themselves).
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HSEE, different counties within the same prefecture may use slightly different
rules for grading the (same) HSEE test forms. For this reason, we always control
for county fixed effects (using the county that each student took the HSEE in)
when using our instrumental variable. By using below cutoff as an instrument for
Vij in equation 1, we assume that, conditional on baseline covariates, whether a
student is below or above the HSEE cutoff exclusively affects his/her outcomes
(dropout, specific skills, general skills) through his/her decision to attend vocation-
al or academic high school. This is the exogeneity assumption of IV analysis.

We provide justification for why below cutoff may be an appropriate IV.
Figures 1 map the relationship between each student’s HSEE score (centered at
the HSEE score cutoff in the county he/she took the HSEE, x-axis) and the prob-
ability of attending vocational versus academic high school (Vij, y-axis).
Figure 1a shows that the probability of attending vocational high school drops
by over 50% at the HSEE cutoff. By contrast, the probability of attending voca-
tional high school only drops by 10% or less at ten points to the right or left of
the HSEE cutoff (figures 1b and 1c respectively). The probability of attending vo-
cational high school hardly drops at all at twenty points to the right or left of the
HSEE cutoff (figures 1d and 1e respectively). Figures 1, taken together with the
fact that county officials set HSEE cutoffs after the HSEE is administered and
scored, lend support to the idea that (in the absence of sample selection bias), the
HSEE cutoff rule is likely exogenous. If controlling for baseline covariates can
appropriately adjust for sample bias, the HSEE cutoff variable should be uncor-
related with (observable and unobservable) factors that influence the relationship
between vocational high school attendance (Vij) and student outcomes. In an
attempt to control for possible sources of endogeneity, we control for Xij, HSEE
score, and county fixed effects in all of our IV analyses.13

Below cutoff also fulfills the second important assumption of IV analyses
(Murnane and Willett 2010). Namely, the below cutoff variable is strongly corre-
lated with Vij in the first stage of the IV regression (see appendix table S2 and
appendix table S2 in the supplemental appendix, available at http://wber.
oxfordjournals.org/). Specifically, the first stage results show that the instrument
has a strong and statistically significant (at the 1% level) relationship with the
endogenous regressor. The weak identification tests (using the Craig-Donald
Wald F Statistic) all reject the null hypotheses that the equations are weakly iden-
tified (with a p-value , 0.01).

2.3.3 COARSENED EXACT MATCHING (CEM) ANALYSES. As a robustness check on
our IV analyses and also to see whether our IV analyses hold over a broader
range of data (i.e., because the IV analyses were only for students from
twenty-one counties with HSEE cutoff data), our third analysis is a matching

13. It is true that a small number of students (eighty-six out of 1754 or less than 5% of students)

scored below the cutoff and yet managed to enter academic high school. This small number of students

may have (unofficially) paid high fees to enter academic high school. Nevertheless, this is the exception

and not the rule. As such, this phenomenon should not substantively change our analyses.
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FIGURE 1. Graphs Showing the Discontinuity at the HSEE Cutoff (Between
Attending Academic and Vocational High School) Figure 1a. At the HSEE
Cutoff Figure 1b. 10 Points above the Cutoff Figure 1c. 10 Points below the
Cutoff Figure 1d. 20 Points above the Cutoff Figure 1e. 20 Points below the
Cutoff

Source: Authors’ analysis based on data described in the text.
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exercise. This third analysis isolates the sample of vocational and academic high
school students that are similar on baseline characteristics by using coarsened
exact matching or CEM. The CEM procedure is comprised of three steps. In step
one, each variable is recoded (or “coarsened”) so that substantively similar
values of the variable are grouped and assigned the same numerical value. In step

FIGURE 1. Continued
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two, students are matched “exactly” on the coarsened data: if either a vocational
high school student or an academic high school student does not find one or
more matches on the coarsened data, that student is dropped from the sample. In
step three, the data are “uncoarsened” or returned to their original values for the
students that were not dropped from the sample. The post-matching estimation
procedure is conducted on the data from step three.

Why do we choose CEM over traditional matching methods like propensity
score matching? First and most importantly, compared to propensity score and
Mahalanobis distance matching (which belong to the Equal Percent Bias Reducing
or EPBR class of matching methods—Rosenbaum and Rubin 1985), CEM can
obtain unbiased estimates with fewer restrictions on the data (see appendix S2 for
a detailed discussion and appendix S2 in the supplemental appendix, available at
http://wber.oxfordjournals.org/). As a result and as shown across a wide variety of
datasets (see Iacus et al. 2011), CEM typically finds better balance in baseline
characteristics across treatment and control groups than matching methods from
the EPBR class. Second, CEM automatically eliminates the extrapolation region
and thus (unlike matching methods in the EPBR class) does not require a separate
procedure by which to restrict the data to a common support. Third, CEM is
robust to measurement error. Fourth, CEM works with multiply imputed data.
Fifth, CEM is computationally fast. A full discussion for how CEM outperforms
propensity score and Mahalanobis distance matching is in appendix S2.

Given our choice to apply CEM, we make two substantive choices. First, we
choose to match students from vocational (treatment) and academic (control)

FIGURE 1. Continued
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high schools on the baseline covariates Xij in equation (1). To ensure that we are
comparing students who face similar educational choices within a similar local
context, we also choose to match students (exactly) within the prefecture and
year in which they took the high school entrance exam (HSEE).

Second, we also had to choose how much to coarsen each covariate (see ap-
pendix S2 for an explanation of coarsening). By way of example, we can choose
to coarsen baseline math scores into quintiles, meaning that we can choose to
create five equally sized bins of students based on the quintile of their baseline
math score. It is by choosing how much to coarsen or bin each covariate (such as
baseline math scores) that we can decide ex ante on the maximum amount of im-
balance in covariates between the treatment and control groups. In our actual
CEM analysis, we choose to coarsen the distributions of each of our baseline
exam score variables (computing, math) into six equally spaced bins. We next
coarsen age by year (where a year is defined by the calendar of a typical school
year, e.g., from Sept. 1, 1985 to Aug. 31 1986). We also configure the CEM pro-
cedure to match students within (and not across) prefectures. All of the other co-
variates in Xij are dummy variables. As with exact matching, the CEM procedure
uses the two values of each dummy variable to help create the bins on which we
match treatment and control students.

The CEM procedure produces balance across the observable covariates. After
applying the matching procedure, the vocational and academic high school stu-
dents look similar on all of the baseline characteristics in equation 1 (appendix
table S3 versus appendix table S4, and appendix table S3 and S4 in the supple-
mental appendix, available at http://wber.oxfordjournals.org/). As a robustness
check, we also coarsen the baseline math and computer exam distributions into
finer bins (from six up to fifteen bins each). Although the size of the matched
sample decreases with the finer coarsening, we obtain similar results across the
various matching specifications. The balance in baseline covariates is not just at
the mean but also at different parts of the distribution of each covariate (see
appendix table S2). Furthermore, as explained above, the use of CEM automati-
cally ensures that the matched data share a common support. As such, we do not
have to check to make sure that the matched data share a common support.

After matching the data using CEM, we run the same regression analyses as in
equation (1) on the matched set of students. Like Iacus et al. (2011), we use
doubly robust methods to estimate the causal effects: we use linear regressions
(that adjust for baseline covariates) to estimate the impacts of attending vocational
high school on student outcomes after matching the data. Our causal estimators
are doubly robust in the sense that the estimators are unbiased if either the match-
ing procedure or the regression specification is correctly specified (Ho et al. 2007).
We call the regression analyses on the matched set of students our CEM analyses.

Granted, matching methods like CEM rely on the assumption of ignorability.
That is, after controlling for observable covariates, no unobservable covariate is
significantly correlated with both the treatment and outcome(s) of interest. While
we cannot claim that CEM accounts for all possible confounding covariates, we
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believe that the CEM model presented here controls for the main confounding
influences for why students attend vocational high school even when they are
eligible to attend academic high school (see appendix S2 for more details).

I I I . R E S U L T S

3.1 What is the Impact of Attending Vocational (Versus Academic) High School?

3.1.1 MAIN RESULTS. According to the results from the OLS analysis, students in
vocational schools have different dropout rates and learn both computing and
math skills at different rates than students from academic high schools.
Specifically, students in vocational schools are 4 percentage points (or about 78
percent) more likely to drop out compared to students in academic high schools
(table 2, row 1, column 1). The difference is statistically significant at the 1%
level. The OLS regressions also show that students attending vocational high
school do not improve computing skills more than students attending academic
high school (row 1, column 2). Students in vocational high school scored only
0.02 SDs higher than academic high school students in computing skills (not statis-
tically different from zero). Finally, in terms of math skills, students in vocational
high school score far lower (0.44 SDs) than students in academic high school (row
1, column 3). The difference is significant at the 1% level. In summary, students at-
tending vocational versus academic high schools drop out more, learn fewer
general skills, and have no measurable advantage in learning specific skills.

The results from our IV analysis generally support the story that vocational
high schools do not build human capital (table 3). Vocational high school stu-
dents are 1.1 percentage points more likely to drop out (although this finding on
differences in the dropout rate—unlike the OLS finding—is no longer statistically
significant). The IV estimates of vocational schooling on computing and math
skills remain consistent with the findings from the OLS analysis. Vocational
schooling reduces math skills by 0.30 SDs (a finding significant at the 1% level).
Moreover, there is no statistically significant evidence that attending VET im-
proves computing skills (an increase of 0.12 SDs, p ¼ 0.16). The magnitude of
the point estimate, even if it were statistically significant, is not large given the
much greater number of class hours spent on learning computing in vocational
schools compared to academic schools.

The results of the CEM analysis also tell the same story (table 4). Attending
vocational high school increases dropout rates by 3 percentage points (over aca-
demic high school students— row 1, column 1). This finding is significant at the
1% level. Attending vocational high school has a negligible effect on computing
skills. Although vocational high school students appear to do slightly worse than
their academic high school peers on the computer skills exams (by 0.05 SDs), the
estimated coefficient is not statistically significant (row 1, column 2). The CEM
analysis—which matches similar students from vocational high school and
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academic high schools—demonstrates that attending vocational high school de-
creases math skills by 0.42 SDs (significant at the 1% level—row 1, column 3).

Taken together, our findings demonstrate that attending vocational high
school actually hurts students relative to attending academic high school. First,
vocational high school encourages drop out (or at least does not encourage stu-
dents to stay in school). Second, vocational high schools are failing to equip stu-
dents with computing skills relative to academic high schools (which spend little
class time teaching computing). Third, attending vocational versus academic
high school results in a loss of math skills.

3.1.2 ROBUSTNESS CHECKS. To test the sensitivity of our estimates, we conduct six
sets of robustness checks. Our first set of robustness checks tests whether our IV
analyses are robust when we adjust our IV estimation strategy in four ways: (a)
add nonlinear controls of the running variable; (b) allow slopes to be different on
either side of the cutoff; (c) limit the sample to students that are closer to (on
either side of) the cutoff; and (d) relax the assumption of linearity by using a
probit model. Our second set of robustness checks involves defining our sample

TA B L E 2. Impact of Attending Vocational High School (versus Academic High
School) on Student Outcomes—OLS Regressions with Fixed Effects
(on Unmatched Data)

(1) (2) (3)
Dropout Computer endline Math endline

Went to VET 0.04*** 0.02 20.44***
(0.01) (0.05) (0.08)

Low-income 0.00 0.01 0.05***
(0.01) (0.01) (0.01)

Male 0.03*** 0.01 20.05**
(0.01) (0.02) (0.02)

Age 0.01*** 20.02*** 20.05***
(0.00) (0.00) (0.01)

Urban 0.01 20.03 0.01
(0.01) (0.04) (0.04)

Student migrated 0.01 0.02 0.06*
(0.01) (0.02) (0.04)

Siblings 0.01*** 20.01 20.02
(0.00) (0.02) (0.03)

Parents home 20.04*** 0.02 20.01
(0.01) (0.02) (0.04)

Parents no junior high school 0.02*** 20.01 0.03
(0.01) (0.01) (0.03)

Math baseline 20.01*** 0.05*** 0.26***
(0.00) (0.01) (0.02)

Computer baseline 0.00 0.33*** 0.19***
(0.01) (0.03) (0.04)

Observations 7,299 6,395 6,395

Note: Cluster-robust SEs in parentheses; ***p,0.01, **p,0.05, *p,0.1.

Source: Authors’ analysis based on data described in the text.
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differently: (a) by excluding dropouts from analyses of the impact of vocational
(versus academic) high school on skills; and (b) by using a multiple imputation
procedure to fill in (or predict) the missing outcome values of the dropout stu-
dents and thereafter including these students in our analyses. A third set of
checks involves ascertaining whether our estimates are sensitive to attrition,
which we test for using Lee Bounds. A fourth set of robustness checks involves
checking whether defining our variables differently (as continuous rather than
binary variables, for example) would change our results. A fifth set of robustness
checks tests whether sample selection could bias our IV estimates. Sixth (and
related to the sample selection issue), we use a procedure suggested by Conley
et al. (2012) to test the sensitivity of our IV estimates to deviations from the exo-
geneity assumption. In all cases, the results are not substantively different from
the results from the models presented in the paper. While we do not display these
results in the body of the text for the sake of brevity, they are presented in the

TA B L E 3. Impact of Attending Vocational High School (versus Academic High
School) on Student Outcomes (IVAnalyses, 2011 HSEE Takers from 21
Counties)

(1) (2) (3)
Dropout Computer Endline Math endline

Went to VET 0.01 0.12 20.30***
(0.03) (0.08) (0.11)

Low-income 0.01 20.01 0.02
(0.01) (0.02) (0.03)

Male 0.01 0.06*** 0.09***
(0.01) (0.02) (0.04)

Age 0.01** 20.01 20.08***
(0.00) (0.02) (0.02)

Urban 20.003 20.07** 0.005
(0.01) (0.03) (0.06)

Student migrated 0.01 0.02 0.01
(0.01) (0.03) (0.05)

Siblings 0.01 0.03 0.04
(0.01) (0.03) (0.04)

Parents home 20.03*** 0.02 20.04
(0.01) (0.02) (0.05)

Parents no junior high school 0.00 20.02 0.01
(0.01) (0.02) (0.02)

Math baseline 0.00 0.02** 0.17***
(0.00) (0.01) (0.01)

Computer baseline 0.01 0.30*** 0.13***
(0.01) (0.04) (0.03)

Centered HSEE score 20.00** 0.00*** 0.00***
(0.00) (0.00) (0.00)

Observations 3,600 3,303 3,303

Note: Cluster-robust SEs in parentheses; ***p,0.01, **p,0.05, *p,0.1.

Source: Authors’ analysis based on data described in the text.
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appendixes (appendix S3, appendix table S5, and appendix table S6 in the sup-
plemental appendix, available at http://wber.oxfordjournals.org/).

3.2 The Impact of Vocational High Schools on Low-Income
and Low-Ability Students

According to some policy documents (e.g., MOF and MOE 2006), vocational
high schools are meant to benefit low-income and low-ability students. In this
section, we examine the heterogeneous impacts of attending vocational (versus
academic) high school on dropout rates and skills by income (poverty) level and
ability. To do so, we rerun two additional versions of the IV analyses (one with
an additional treatment-low-income interaction term; and one with an additional
treatment-low-ability interaction term).

Our results show that low-income students not only fail to benefit from
attending vocational high school, they actually perform worse (table 5).
Low-income students who attend vocational versus academic high school are 5.9
percentage points more likely than higher income students to drop out (signifi-
cant at the 10% level—column 1). Furthermore, like the average student (as

TA B L E 4. Impact of Attending Vocational High School (versus Academic High
School) on Student Outcomes—OLS Regressions on Matched Data

(1) (2) (3)
Dropout Computer endline Math endline

Went to VET 0.03*** 20.05 20.42***
(0.01) (0.08) (0.09)

Low-income 20.00 0.05 20.01
(0.01) (0.03) (0.04)

Male 0.04*** 0.05 20.07**
(0.01) (0.06) (0.03)

Age 0.01 20.04 20.07**
(0.01) (0.03) (0.03)

Urban 0.02** 20.12 0.03
(0.01) (0.15) (0.09)

Student migrated 0.04** 20.02 0.24***
(0.02) (0.02) (0.08)

Siblings 0.01 0.10*** 20.11**
(0.01) (0.04) (0.05)

Parents home 20.03 20.03 20.05
(0.05) (0.05) (0.10)

Parents no junior high school 0.03*** 20.06 20.00
(0.01) (0.06) (0.09)

Math baseline 20.01** 0.04*** 0.22***
(0.01) (0.01) (0.02)

Computer baseline 20.01 0.33*** 0.19***
(0.01) (0.03) (0.05)

Observations 2,122 1,927 1,927

Note: Cluster-robust SEs in parentheses; ***p,0.01, **p,0.05, *p,0.1.

Source: Authors’ analysis based on data described in the text.
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shown in the subsection above), low-income students make negligible gains in
computing skills (column 2) while losing in math skills (column 3).

As with our results for low-income students, attending vocational high
school has negative impacts on low-ability students. Low-ability students who
attend vocational versus academic high school are more likely to dropout than
higher ability students (the dropout rate increases by 2.5 percentage points for
every 1 SD decrease in baseline computer scores—table 6, column 1). In addi-
tion, by attending vocational (versus academic) high school, low-ability stu-
dents are even less likely to gain computing skills compared to higher ability
students (the endline computer scores decrease by 0.13 SDs for every 1 SD
decrease in baseline computer scores—column 2). Finally, by attending voca-
tional (versus academic) high school, low-ability students may see their math
skills deteriorate more than higher ability students (by .06 SDs for every 1 SD

TA B L E 5. Heterogeneous Impacts of Attending Vocational High School (versus
Academic High School) on Low-income Student Outcomes (IVAnalyses, 2011
HSEE Takers from 21 Counties)

(1) (2) (3)
Dropout Computer endline Math endline

Went to VET 0.00 0.12 20.30**
(0.03) (0.08) (0.12)

VET*Low-income 0.06* 20.05 0.00
(0.03) (0.05) (0.09)

Low-income 20.02 0.01 0.02
(0.02) (0.03) (0.05)

Male 0.01 0.06*** 0.09**
(0.01) (0.02) (0.04)

Age 0.01** 20.01 20.08***
(0.00) (0.02) (0.02)

Urban 0.00 20.07** 0.00
(0.01) (0.03) (0.06)

Student migrated 0.01 0.02 0.01
(0.01) (0.03) (0.05)

Siblings 0.01 0.03 0.04
(0.01) (0.03) (0.04)

Parents home 20.03*** 0.02 20.04
(0.01) (0.02) (0.05)

Parents no junior high school 0.00 20.02 0.01
(0.01) (0.02) (0.02)

Math baseline 0.00 0.02** 0.17***
(0.00) (0.01) (0.01)

Computer baseline 0.00 0.30*** 0.13***
(0.01) (0.04) (0.03)

Centered HSEE score 20.00** 0.00*** 0.00***
(0.00) (0.00) (0.00)

Observations 3,600 3,303 3,303

Note: Cluster-robust SEs in parentheses; ***p,0.01, **p,0.05, *p,0.1.

Source: Authors’ analysis based on data described in the text.
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decrease in baseline computer scores, although the result is not statistically sig-
nificant at the 10% level—column 3).

Taken together, the findings indicate that attending vocational high school
may hurt disadvantaged (low-income and low-ability) students even more than
their advantaged counterparts. Low-income and low-ability students who attend
vocational (rather than academic) high school drop out more than the higher
income and ability students. There is also some evidence to indicate that low-
income and low-ability students are even less likely to gain computing skills than
higher income and higher ability students and at least as likely to see a reduction in
their math skills compared to higher income and higher ability students. These find-
ings are true even though vocational schools are (by design) supposed to benefit
such students. For this reason, according to our results, we conclude that low-
income and low-ability students would have fared better in academic high schools.

TA B L E 6. Heterogeneous Impacts of Attending Vocational High School (versus
Academic High School) on Low-Ability Student Outcomes (IVAnalyses, 2011
HSEE Takers from 21 Counties)

(1) (2) (3)
Dropout Computer Endline Math endline

Went to VET 0.02 0.09 20.31***
(0.03) (0.08) (0.11)

VET*computer_baseline 20.03* 0.13*** 0.06
(0.02) (0.04) (0.06)

Male 0.01 0.06*** 0.09**
(0.01) (0.02) (0.04)

Age 0.01** 20.01 20.08***
(0.00) (0.02) (0.02)

Urban 0.00 20.07** 0.00
(0.01) (0.03) (0.06)

Student migrated 0.01 0.02 0.01
(0.01) (0.03) (0.05)

Siblings 0.01 0.03 0.04
(0.01) (0.03) (0.04)

Parents home 20.03*** 0.02 20.04
(0.01) (0.02) (0.05)

Parents no junior high school 0.00 20.02 0.01
(0.01) (0.02) (0.02)

Low-income 0.01 20.01 0.02
(0.01) (0.02) (0.03)

Math baseline 0.00 0.02** 0.17***
(0.00) (0.01) (0.01)

Computer baseline 0.02** 0.24*** 0.10*
(0.01) (0.04) (0.06)

Centered HSEE score 20.00* 0.02*** 0.03***
(0.00) (0.00) (0.00)

Observations 3,600 3,303 3,303

Note: Cluster-robust SEs in parentheses; ***p,0.01, **p,0.05, *p,0.1.

Source: Authors’ analysis based on data described in the text.
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3.3 IRT Gains in General and Specific Skills

The results in the previous subsections demonstrate that attending vocational
high school has a negative impact on student outcomes. However, our analysis
can go further. Because our standardized exams were vertically scaled using IRT,
we are able to analyze the individual gains in general and specific skills for the
sample vocational and academic high school students. This analysis will help us
determine if vocational high school students are learning.

Surprisingly, the IRT-scaled gains show that vocational high school students
are actually losing math skills (figure 2).14 The IRT-scaled math scores of stu-
dents in vocational high school fell by 0.08 SDs from the beginning to the end of
grade 10. By contrast, students in academic high schools gained 0.04 SDs in
math over the same period.15 In other words, the results show that vocational
high school students are not only falling behind academic high school students,
they are actually losing skills they previously had.

There are somewhat more encouraging results in terms of specific skills.
According the IRT-scaled test results, vocational high school students make modest
gains in computer skills (figure 3). On average, the IRT-scaled computer scores of
vocational high school students rose by 0.12 SDs. However, as would be expected
(from the subsections above), vocational high school students made fewer gains in
specific skills than academic high school students, even as they spend much less time
in computer classes than their vocational counterparts. The computer scores of aca-
demic high school students (in nonelite academic high schools) rose by 0.23 SDs.16

These results suggest that, in absolute terms, vocational high schools make
only small contributions to or may even detract from human capital develop-
ment. While it is true that vocational high school students make modest gains in
their computing skills, as a whole their gains are less than those in academic high

14. In fact, this graph only examines the IRT-scaled math gains among the lowest scoring 50% of

students at the baseline. We make this adjustment because our baseline results were right-censored (a ceiling

effect). Including these students would have biased the estimate of gains upward, as students scoring full

marks at the baseline actually could have scored higher. In spite of this adjustment and ceiling effect, our

main analytic models which compare the impact of vocational versus academic high school are unaffected.

15. What explains the surprising result that academic high school students are learning so little math

and vocational high school students are learning so little in computers? One reason to suspect that

academic high school students learned so little mathematics is that our schools are nonelite academic high

schools, where the quality of schooling is not always high. Another reason for the low mathematics gains

for academic high school students is that they were entering a new school (their first year of high school).

As is common in the United States, for example, students entering a new schooling environment may have

muted learning gains as they adjust to their new environment (e.g., see Roderick and Camburn 1999).

16. Why did academic high school students appear to make higher gains in computers even compared

to mathematics? Students have a minimum exposure to computers in junior high school. As such, their

first real exposure to computers comes at the high school level. Hence, even though academic high schools

only reserve one course for computers per week, the first systematic exposure to computers may have

resulted in higher gains compared to mathematics. In addition, although it may appear peculiar that

vocational high school students were learning fewer computer skills than academic high school students,

the fact that the tests were constructed to match national standards suggests that vocational high schools

were simply not teaching well (or students were not learning well).
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school. More importantly, vocational high school students are actually losing
math skills.

I V. C O N C L U S I O N

Overall, VET at the high school level does appear to be meeting its mandate of
equipping students with the human capital needed to succeed in China’s future
economy. Specifically, attending vocational high school appears to cause stu-
dents (in the computer major) to drop out of school if they are of low-income
and of low-ability. Our results also show that attending vocational high school
has no significant effect on specific skills and a substantial, negative impact on
general skills relative to attending academic high school. This negative impact is
pronounced among both low-income students and low-ability students. Finally,
in absolute terms, vocational high school even detracts from students’ math skills
over the course of the first year (from the start to the end of grade ten). If our
results generalize to other provinces and majors, vocational high schools are
failing to contribute to human capital development in China.17

FIGURE 2. Gains in IRT-scaled Math Scores: Academic vs. Vocational High
School

Note: Figure 2 shows the raw difference before controlling for any background characteristics
Source: Authors’ analysis based on data described in the text.

17. It is conceivable that the students were performing poorly in vocational school because they were

still adjusting to a new environment. While we do not have longer-term follow-up data of our sample

students, we do have the dropout rate of the cohort of students in our sample over time. We started in the

baseline with a total of 7,114 vocational high school students in our sample. Of these, 649 dropped out at

the end of the first year (as noted in this paper). By the second year, an additional 751 students dropped out.

That is a cumulative dropout rate of 20% over the first two years. (For comparison, the estimated two-year

dropout rate in academic high schools is 5%—Loyalka et al., 2014). If students, in fact, felt like they were

learning at the second year, the assumption is that it would have reduced the dropout rate. Since the dropout

rate was even more serious in the second year, we conjecture that students were not learning more in their

second year (assuming that other factors influencing dropout were also constant across the two years).
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There are reasons to believe that these results are conservative. First, in our
more robust models (the IV and matching estimates), we are actually comparing
students around the HSEE cutoff.18 One implication of this method is that our
results generalize to the “cream of the crop” in vocational high school. These are
primarily students who scored high enough to be within reach of attending aca-
demic high school. If we were to use a counterfactual that allowed us to estimate
the effect of attending vocational high school on all vocational high school stu-
dents, the negative effects of vocational high school might be even larger.

Second, when selecting our sample, we chose schools with relatively large and
stable enrollments in the computing major. If enrollments correlate with the
quality of the school (as they do in academic schooling in China), our sample
consists of higher-quality schools. If we estimated the effects of attending voca-
tional high school among all vocational high schools, the negative impacts on
dropout and skills would be even larger.

Overall, the lack of value-added in math or computing skills is likely to mute
or decrease future labor market payoffs. Granted, it could be that vocational
high schools produce value-added in noncognitive (or social and behavioral)
skills, such that there is still a net labor market return even without value-added
in general or specific (cognitive) skills. In fact, Kim (2013) finds positive labor
market returns on vocational education in Korea. However, the fact that Chinese
computer major students are losing their math skills and barely learning any

FIGURE 3. Gains in IRT-scaled Computer Scores: Academic vs. Vocational
High School

Note: Figure 3 shows the raw difference before controlling for any background characteristics.
Source: Authors’ analysis based on data described in the text.

18. The reason is that students who scored at the bottom of the HSEE distribution have no

opportunity to enter academic high school, thus making the assumption that they were randomly assigned

to academic high school not credible. Likewise, students who score at the top of the HSEE distribution

almost never attend vocational high school.
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computing skills suggests that they also may not be acquiring social or behavioral
skills either.19

Why does VET at the high school level appear to fail at generating human
capital? While a full discussion of this question is beyond the scope of this study,
one argument is that local governments (who are responsible for financing voca-
tional high schools) are still failing to invest sufficient resources into vocational
high schools. A related argument is that local governments favor academic over
vocational high schools and deny appropriate resources like qualified teachers or
finances to the latter (Yang 2012).

In fact, evidence suggests that this is not the case. We compare the vocational
and academic high schools across a set of inputs—including the percentage of
teachers with a college degree; the percentage of teachers with professional expe-
rience; computers per student; total school area (in square meters) per student;
whether the school has laboratories; libraries or multimedia rooms; and expendi-
tures per student (in RMB). We find that, with one exception, there are no sub-
stantial or statistically significant differences between vocational high schools
and academic high schools (appendix table S7). The exception is that vocational
high schools have more computers per student. As such, vocational high schools
appear to be on equal (if not marginally better) footing with academic high
schools in terms of basic inputs.

A second possibility is a lack of coordination and oversight to ensure the trans-
formation of inputs (e.g., financial investments) into outputs (e.g., student skills).
Multiple ministries/departments/bureaus oversee vocational education, thus re-
ducing coordination and sharing of best practices between schools. Moreover,
none of the ministries/departments/bureaus have developed protocols to system-
atically monitor vocational high school quality in a standard fashion. As such,
there is almost no oversight over the quality of these schools.

A limitation of our study is that we focus only on students in the computer
major and only test their math and computer skills. Ideally, our study would
have included students in other majors and tested a wider set of skills. Therefore,
strictly speaking, our results do not apply to other majors and other types of
skills in vocational schooling in China. However, if our findings on quality are
generally true and if the reasons for this poor quality are as we surmise, policy-
makers in China may wish to cease the large, almost indiscriminate investment
into the vocational high school system. Instead they may wish to direct more re-
sources toward the apparently more effective approach to human capital devel-
opment: academic high school.

19. If the value-added of vocational high schools was so low, why did students still attend? While we

cannot be sure, we conjecture that the failure of the government to provide clear, public (or open)

information on the quality of schools has created information asymmetries. That is, students may not have

actually known what the quality of the schools was before they decided to attend. As such, students

believed that they would learn skills when they began vocational high schools (even if, on average, this was

not true).
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Furthermore, the results of this study should give pause to policymakers
seeking to promote VET in other developing countries. Our results show that, at
the margin, students in the most popular major in vocational school in two
Chinese provinces lose general skills without any apparent gain in specific skills.
While our results do not strictly apply to other developing countries, the fact that
our findings are consistent with results from Indonesia (Chen 2009) and
Romania (Malamud and Pop-Eleches 2008) suggests that other developing coun-
tries with substantial investments in vocational secondary education may also
fail to enjoy significant returns to their investment. By diverting resources away
from academic high school, developing countries may be reducing the number of
students who can access a human-capital enhancing opportunity to attend aca-
demic high school. Together, such a policy could substantially hinder human
capital production.
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Financial Inclusion, Productivity Shocks, and
Consumption Volatility in Emerging Economies

Rudrani Bhattacharya and Ila Patnaik

How does access to finance impact consumption volatility? Theory and evidence from
advanced economies suggests that greater household access to finance smooths con-
sumption. Evidence from emerging markets, where consumption is usually more volatile
than income, indicates that financial reform further increases the volatility of consump-
tion relative to output. This puzzle is addressed in the framework of an emerging
economy model in which households face shocks to trend growth rate, and a fraction of
them are financially constrained, with no access to financial services. Unconstrained
households can respond to shocks to trend growth by raising current consumption more
than the rise in current income. Financial reform increases the share of such households,
leading to greater relative consumption volatility. Calibration of the model for pre- and
post–financial reform in India provides support for the model’s key predictions. JEL
Codes: C50, E10, E21, E32

I N T R O D U C T I O N

Emerging economies have been seen to witness an increase in consumption vola-
tility relative to output volatility after financial development. This behaviour
appears puzzling since traditional models and evidence from advanced econo-
mies suggests that consumption should become smoother after financial con-
straints are reduced. This puzzle can be explained in a model featuring financial
constraints and shocks to trend growth of productivity. The model predicts that
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relative consumption volatility rises when more consumers can access financial
services.

The presence of financial constraints, such as credit constraints or lack of
access to financial services in an economy, explains the excess volatility of con-
sumption and its sensitivity to anticipated income fluctuations. A model featur-
ing financially constrained consumers predicts that consumption cannot be
smoothed fully. But in such a model, the volatility of consumption can be at least
as high as income volatility or, at most, one. Further, if constraints are eased, the
model predicts a reduction in relative consumption volatility.

Another feature of emerging economy models is the presence of shocks to
trend growth of productivity. Large shocks to the permanent component of
income originated from frequent policy regime shifts in emerging economies, rel-
ative to transitory income shocks, explain larger fluctuations in consumption rel-
ative to output fluctuations (Aguiar and Gopinath 2007). Unlike developed
countries characterised by large transitory movements in income around the
trend, shocks to trend growth are the primary source of fluctuations in emerging
economies. When households anticipate a higher growth rate of income, which
eventually leads to a rise in future income, they respond to this permanent
income shock by increasing current consumption more than the rise in current
income via borrowing against the future income or reducing current savings. As
a result, consumption fluctuates more than income in emerging economies. This
feature results in the relative volatility of consumption in emerging economies
becoming greater than one.

A common feature of reform in emerging economies is financial sector reform.
The increase in the access of households to finance resulting from reform allows
households to smooth consumption over their lifetimes. But at the same time,
emerging economies witness large shocks to the permanent component of
income, relative to transitory income shocks. The combination of the response of
households to permanent income shocks and the easing of financial constraints
can yield an increase in the relative volatility of consumption.

The goal of this paper is to understand the joint impact of easing of financial
constraints and permanent income shock on consumption volatility. This is ana-
lysed in a dynamic general equilibrium model with heterogeneous type agents. The
model assumes that some households in the economy do not have access to
finance. They can neither save nor borrow. These financially constrained house-
holds cannot smooth consumption over their lifetimes. The rest of the households
in the economy are unconstrained and respond to a perceived income shock by
smoothing consumption. Shocks to income that are perceived to be permanent
lead to an increase in current period consumption higher than the increase in
current period income. Only unconstrained households can increase consumption
by more than the increase in income, either by borrowing against future income or
reducing current savings. Constrained households can only increase consumption
by the amount income has increased. Financial sector reform allows more house-
holds to access financial services. Now more households become unconstrained
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and can respond to the income shock that they perceive to be permanent. The key
prediction of this model is that financial development in an emerging economy
leads to an increase in relative consumption volatility.

This prediction can be tested. The model is calibrated to Indian data for the
pre- and post-reform years. All of the parameters, except for the share of finan-
cially constrained consumers, are kept unchanged. Financial inclusion is cap-
tured via a reduction in the fraction of constrained households in the post reform
period. The results support the model’s key prediction.

This paper makes a contribution towards understanding the joint impact of fi-
nancial development and permanent income shock on consumption volatility. It
contributes to a growing literature that studies the effects of financial frictions on
volatility. Earlier work mainly analyses the effect of domestic financial system de-
velopment on output and consumption volatility through its effect on firms
(Aghion et al. 2004, 2010). Some papers focus on the impact of financial globali-
sation on volatility (Aghion et al. 2004; Buch et al. 2005; Leblebicioglu 2009).
The effect of domestic financial system development on output and consumption
volatility is explored in a limited strand of literature. Iyigun and Owen (2004)
propose a theory of income inequality in rich and poor countries as the cause of
consumption volatility whose mechanics partly resemble those of the present
model, once appropriately re-interpreted.

The model takes into account the broadly acknowledged fact that in emerging
economies all consumers do not have access to finance (Honohan 2006).
Financially constrained households are modelled as in Hayashi (1982) and
Campbell and Mankiw (1991). The framework includes shocks to trend growth
as in Aguiar and Gopinath (2007).

The rest of the paper is organised as follows: The Consumption Volatility and
Financial Development section presents evidence on relative consumption volatili-
ty and financial development in emerging economies. The Consumption Volatility
and Permanent versus Transitory Income Shocks section discusses the role of the
relative magnitude of permanent and transitory income shocks for consumption
volatility in developed vis-à-vis emerging economies. The Financial Frictions and
Consumption Volatility: Theoretical Framework section presents the model and
its predictions. The Case Study: Evidence for India section contains the calibration
exercise and results. The Financial Development, Permanent Income Shock, and
Relative Consumption Volatility in a Small Open Economy section presents the
implications in a small open economy setup. The final section concludes.

C O N S U M P T I O N V O L A T I L I T Y A N D F I N A N C I A L D E V E L O P M E N T

Recent empirical evidence on emerging economy business cycles shows an in-
crease in the volatility of consumption relative to that of output after financial
sector reform in Asia, Turkey, and India (Kim et al. 2003; Alp et al. 2012; Ghate
et al. 2013). The relative volatility of consumption in the pre- and post-financial
sector reform period for some developing countries are estimated (table 1). The
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choice of the date on which reform took place is based on Kim et al. (2003),
Singh et al. (2005), Rodrik (2008), Alp et al. (2012), and Aslund (2012). The
analysis is based on annual data for a set of emerging economies.1 The volatility
of consumption relative to that of output in these countries, in the pre- and post-
reform period, shows that many emerging economies exhibit similar behaviour
in that relative consumption volatility increases after reform (table 1).

Financial development has been a major component of reform. A commonly
used indicator of financial development, namely, total bank deposits to GDP
ratio, for a set of emerging economies, on average, shows a rise in the indicator
over time (figure 1). The rising trend in the ratio is also visible for individual
countries (figure 1).

The indicators on financial depth, depicted by the density of commercial bank
branches and depositors with commercial banks in emerging economies, in the

TA B L E 1. Relative Consumption Volatility: Selected Emerging Economies

Relative consumption volatility

Region & reform date Pre-reform Post-reform Change

Latin America: 1990
Chile 1.10 1.26 *
Colombia 0.97 0.85 #
Mexico 0.94 1.45 *
Peru 1.09 1.72 *
East Asia: 1996
Indonesia 2.45 1.01 #
Malaysia 1.36 1.52 *
Philippines 0.73 1.06 *
Korea 0.93 1.69 *
Taiwan 1.84 0.80 #
Thailand 0.88 1.00 *
East Europe: 1990
Turkey 1.07 1.09 *
Poland 0.92 1.45 *
Hungary 1.01 1.50 *
South Asia
India: 1992 0.83 1.23 *
Africa
South Africa: 1994 1.42 1.40 #
Mean 1.15 1.29 *
Std. dev. 0.44 0.30

Source: Datastream, author’s calculations.

This table shows the reform date and the volatility of consumption relative to that of output in
the pre- and post-reform period for a set of emerging economies.

1. The span of the analysis varies across countries given the availability of the data. Table S1.1 in the

Supplemental Appendix S1, available at http://wber.oxfordjournals.org/, lists period of analysis for each

country. The reform date for each region, and the sources of the documentations indicating the reform

dates are also reported in this table.
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beginning and in the end of the last decade, indicate an increase in access of
households to finance (table 2).

The above evidence suggests that the relative volatility of consumption rises
after financial sector reform. This appears puzzling and cannot be explained by

TA B L E 2. Access to Finance

Country

Commercial bank branches
per 100,000 adults

Depositors with commercial
banks per 1,000 adults

2004 2010 2004/2005/2006 2010

Chile 13 18 1410 2134
Colombia
Mexico 11 15 .. 1205
Peru 4 50 340 436
Indonesia 5 8
Malaysia 13 .. 1792 ..
Philippines 8 8 370 488
Korea 17 19 4279 4522
Taiwan
Thailand 8 11 984 1120
Turkey 13 .. 1362 ..
Poland 37 46
Hungary 14 17 798 1072
India 10 11 637 747
South Africa 5 10 384 978

Source: Financial Inclusion, World Development Indicators.

This table depicts the density of commercial bank branches and depositors with commercial
banks in emerging economies in the beginning and in the end of the decade of 2000–10.

FIGURE 1. Financial Development

This figure shows the average deposits to GDP ratio of a set of emerging economies and a few in-
dividual countries in the set. The set of emerging economies consists of Chile, Columbia, Mexico,
Peru, Indonesia, Malaysia, Philippines, Korea, Taiwan, Thailand, Turkey, Poland, Hungary, India,
and South Africa.

Source: International Financial Statistics, IMF.
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the existing literature. It supports the evidence in Kim et al. (2003), Alp et al.
(2012), and Ghate et al. (2013), who allude to the increase in relative consump-
tion volatility after financial sector reform.

C O N S U M P T I O N V O L A T I L I T Y A N D P E R M A N E N T V E R S U S T R A N S I T O R Y

I N C O M E S H O C K S

Empirical literature on business cycle stylised facts document business cycle
properties in developed economies (Kydland and Prescott 1990; Backus and
Kehoe 1992; Stock and Watson 1999; King and Rebelo 1999) and developing
countries (Agenor et al. 2000; Rand and Tarp 2002; Male 2010). One of the key
business cycle features that distinguishes emerging economies from advanced
countries is the greater fluctuations in consumption relative to income fluctua-
tions. Aguiar and Gopinath (2007) relate this difference in consumption behav-
iour in the two sets of countries, to the relative magnitude of permanent and
transitory shocks to income.

The authors estimate a standard small open economy real business cycle model
for Mexico, as a representative of the emerging economies, and Canada, represent-
ing advanced countries. The main finding is that large shocks to the growth rate of
permanent components of productivity are the primary sources of fluctuations in
emerging economies. In contrast, advanced economies are characterised by fluctu-
ations around a stable trend, caused by large shocks to transitory component of
productivity. The differences in technology shock processes cause households to
respond differently to income shocks in developed and emerging economies.
When households anticipate a higher growth rate of income which eventually
leads to a rise in future income, they respond to this permanent income shock by
increasing current consumption more than the rise in current income via borrow-
ing against the future income or reducing current savings. As a result, consumption
fluctuates more than income in emerging economies. This feature results in the rel-
ative volatility of consumption in emerging economies being greater than one.

Positive Correlation between the Size of Trend Growth Shock and Relative
Consumption Volatility: Evidence from Literature

The positive correlation between the magnitude of shocks to trend growth and
relative consumption volatility, found in the literature, is documented in table 3.
The third and fifth columns of the table show technological shock processes for
Mexico and Canada, along with output and consumption volatilities estimated
from the model in Aguiar and Gopinath (2007). The second and fourth columns
also document the empirical volatilities in output and consumption for these
two countries. The table shows that Mexico, with consumption volatility relative
to output volatility greater than one, is characterised by a larger shock to the
growth rate of permanent component of technology sg compared to the transito-
ry shock sa. In contrast, Canada, with a relative consumption volatility less than

176 T H E W O R L D B A N K E C O N O M I C R E V I E W



TA B L E 3. Comparing Cross Country Technology Shock Processes

AG, 2007 NT, 2011
India (1980–2008)

Mexico Canada Developed Emerging SSA

Data Model Data Model Data Model Data Model Data Model Data

sy 2.40 2.13–2.40 1.55 1.24–1.55 2.25 2.27 3.71 3.83 4.25 5.16 1.84
sc 3.02 3.02–3.27 1.15 0.94–1.41 2.33 2.16 4.54 3.96 7.49 5.43 1.81
sc=sy 1.26 1.10–1.33 0.74 0.74–0.91 1.04 0.95 1.22 1.03 1.76 1.05 0.99
rg 0.00–0.11 0.03–0.29 20.13 20.11 0.05 0.27
sg 2.13–3.06 0.47–1.20 2.89 5.33 6.20 1.59
ra 0.95 0.97 0.84
sa 0.17–0.54 0.63–0.78 0.68 0.73 0.58 0.32

Source: Aguiar and Gopinath (2007), Naoussi and Tripier (2013), authors’ analysis outlined in the Consumption Volatility and Permanent versus
Transitory Income Shocks section.

This table depicts cross country relative consumption volatility vis-à-vis the magnitude of shocks to trend growth documented from literature.
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one, is characterised by larger transitory shocks compared to fluctuation in the
permanent component of productivity.

Similarly, Naoussi and Tripier (2013) estimate a real business cycle model
with transitory and trend shocks to productivity for eighty-two countries, includ-
ing developed, emerging, and Sub-Saharan African (SSA) countries. They find
that magnitudes of trend shocks are positively correlated with relative consump-
tion volatilities. Columns 6 to 11 in table 3 summarise their findings. Relative
consumption volatilities and shock to trend growth rate are found to be highest
for SSA countries, followed by emerging and developed economies.

Finally, column 12 of table 3 shows the nature of technology shock processes
for India. The estimation of the technology shock processes in India are outlined
in the following section.

Decomposition of Indian Total Factor Productivity (TFP) Series to Permanent
and Transitory Components

To have an account of transitory and trend growth shock in the Indian TFP
series, the series is decomposed into permanent and transitory components using
Kalman filter. First, the TFP series for India is estimated following an aggregate
production function approach. The aggregate production function, representing
the production sector in the model outlined in the next section, is defined follow-
ing Aguiar and Gopinath (2007) as

Yt ¼ eat K1�a
t ðGtÞa;

Gt

Gt�1
¼ gt;

ð1Þ

where Kt is the aggregate stock of capital and a [ ð0; 1Þ denotes labour’s share
of output. Households are assumed to supply unit labour inelastically. The pa-
rameters at and Gt represent productivity processes. The two productivity pro-
cesses are characterised by different stochastic properties. The parameter at

captures a transitory movement in productivity and is characterised by the fol-
lowing AR(1) process:

at ¼ raat�1 þ ea
t ; jraj , 1; ea

t � Nð0;s2
aÞ: ð2Þ

The parameter Gt represents the cumulative product of growth shocks as follows:

ln
gt

mg

 !
¼ rg ln

gt�1

mg

 !
þ e

g
t ; jrgj , 1; e

g
t � Nð0;s2

gÞ; ð3Þ

where mg � 1 is the long-run mean trend growth rate. The two different productivi-
ty processes are assumed to distinguish shock process in the level of productivity at
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and the growth rate of productivity gt. The growth shocks are incorporated in a
labour-augmenting way to ensure the existence of a steady state where all variables
grow at the rate mg and the tractability of analysis of cyclical properties of the
model economy. In this analysis, the cyclical component of a variable Xt, that is,
the deviation of the variable from its trend path is defined as xt ¼ Xt=Gt�1.

The Solow residual from the aggregate production function captures produc-
tivity processes that contains a transitory and a permanent component:

srt ¼ at þ a lnGt ¼ ln Yt � ð1� aÞ ln Kt: ð4Þ

Since, the households supply unit labour inelastically and total mass of house-
holds is normalised to one, equation (4) measures the Solow residual in terms of
per capita output and capital stock. In estimating the Solow residual for India,
GDP at factor cost and net fixed capital stock, both in 2004–05 constant prices,
proxy for output and capital stock, respectively. The data on GDP and net fixed
capital stock are sourced from National Accounts Statistics. The labour force
data are sourced from the World Bank. The value of labour share is set to 0.7
from Verma (2008). Given the availability of data on labour force and capital
stock, the Solow residual series spans 1980–2009.

The transitory and permanent components in the Solow residual series for
India are estimated using the Kalman filter. The underlying model is the follow-
ing: the Solow residual series srt is a sum of a trend component Tt and a transito-
ry or cyclical component Ct:

srt ¼ Tt þ Ct þ Vt; Vt � Nð0;s2
VÞ;

Tt ¼ d þ Tt�1 þW1t; W1t � Nð0;s2
W1Þ;

Ct ¼ rcCt�1 þW2t; jrcj , 1; W2t � Nð0;s2
W2Þ:

ð5Þ

where Vt represents measurement error. The trend component is assumed to
follow a random walk process. This Trend-Cycle model in equation (5) can be
represented in state-space form as:

srt ¼ 1 1½ �
Tt

Ct

� �
þ Vt;

Tt

Ct

� �
¼

d

0

� �
þ

1 0

0 rc

� �
Tt�1

Ct�1

� �
þ

W1t

W2t

� �
:

ð6Þ

The first expression in equation (6) represents the observation equation in
terms of the unobserved states. The second equation represents the transition dy-
namics of the state variables. Figure 2 depicts the Kalman-filtered trend growth
rate and cyclical components of the Solow residual for India.
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Decomposition of Indian TFP in permanent and transitory components shows
that shocks to trend growth are a major source of fluctuations in Indian business
cycle. The Kalman filtered estimate of sW2 ¼ 0:32 provides a measure of transi-
tory shock sa, and the estimate of rc ¼ 0:76 gives the degree of persistence in
transitory component of TFP. Next, an AR(1) model is fitted to the growth rate
of the estimated permanent component of TFP. The persistence in the trend
growth rg is found to be 0.27, while the estimate of sg is 1.59. The value of sg

compared to sa indicates that the shock to trend growth rate is substantially
higher than the transitory shock. These estimates are shown in table 3 along with
output and consumption volatilities during the period spanning the TFP series.

F I N A N C I A L F R I C T I O N S A N D C O N S U M P T I O N V O L A T I L I T Y :
T H E O R E T I C A L F R A M E W O R K

The theoretical literature on finance and macroeconomic volatility explores how
financial integration and financial development affect output and consumption
volatility through the channel of firms and households (Bernanke and Gertler
1989; Greenwald and Stiglitz 1993; Aghion et al. 2004; Iyigun and Owen 2004;

FIGURE 2. Permanent and Transitory Movements in Solow Residual for India

This figure depicts actual and the trend growth rates vis-à-vis the transitory component of the
Solow residual for India. The figure shows that the trend growth rate of the Solow residual is charac-
terised by significant fluctuations.

Source: Authors’ analysis outlined in the Consumption Volatility and Permanent versus
Transitory Income Shocks section.
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Buch et al. 2005; Leblebicioglu 2009; Aghion et al. 2010). The effect of financial
integration on macroeconomic volatility dominates the literature. A limited
strand of literature explores the role of domestic financial development in deter-
mining the pattern of macroeconomic fluctuations, and the bulk of it focuses on
the channel of firms (Bernanke and Gertler 1989; Greenwald and Stiglitz 1993;
Aghion et al. 2010).

The early literature predicts that financial development reduces macroeconom-
ic fluctuations (Bernanke and Gertler 1989; Greenwald and Stiglitz 1993). More
recent literature suggests that the nature of relationship between financial devel-
opment and macroeconomic volatility can be nonlinear (Aghion et al. 2004) and
may depend on several factors, such as the composition of short-term and long-
term investments in the economy (Aghion et al. 2010).

The Model

Consider a closed economy that is populated by a continuum of infinitely
lived households and firms, both of measure unity. There exists a fraction l of
households with no access to banking or other instruments to save. These con-
sumers, who may be referred to as non-Ricardian households, are liquidity-
constrained and unable to save or borrow to smooth consumption. They have no
assets and spend all their current disposable labour income on consumption in
each period.

Labour supply is inelastic as no labour-leisure choice is made by the representa-
tive household. Emerging economies are characterised by large size of informal em-
ployment where average hours of work are found to be higher than that in the
formal sector employment (Blunch et al. 2001; International Labour Organization
2012). For instance, studies found that informal sector workers worked on average
fifteen hours more than their counterparts in the formal sector (Blunch et al.
2001).2 Hence, in an emerging economy setup, it is reasonable to assume that
households allocate their available labour-time to production as much as possible.
The representative household is assumed to supply one unit of labour inelastically.

Both Ricardian and liquidity-constrained households have identical preferences
defined over a single commodity,

UðCi
tÞ ¼ lnðCi

tÞ; i ¼ R;L; ð7Þ

2. In India, more than 90% of the workforce and about 50% of the national product are accounted

for by the informal economy (Report of the Committee on Unorganised Sector Statistics 2012). According

to National Sample Survey Organisation (2004–05), of the total workers, 82% in the rural areas and

72% in the urban areas are engaged in informal sector. In terms of absolute numbers, out of the total 465

million people employed in the formal and informal sectors, only 28 million people (6% of the total

employment) are employed in the formal sector, while 437 million workers (94% of the total

employment) are in the informal sector (National Sample Survey Organisation 2009–10), (http://labour.

gov.in/content/aboutus/about-ministry.php). Data on hours worked are not officially published in India.

The officially published employment data captures the employment scenario in the formal sector, which

constitutes only 6% of the total employment.
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where Ci
t denotes total consumption of the household of type i. Ricardian house-

holds are indexed as R and liquidity-constrained households as L.
A Ricardian household maximises discounted stream of utility,

Vt ¼ Et

X1
t¼0

bt logðCR
t Þ; ð8Þ

subject to the following budget constraint,

CR
t þ IR

t ¼ RtK
R
t þWt; ð9Þ

where b [ ð0; 1Þ denotes the subjective discount factor. Here CR
t is total con-

sumption of the Ricardian household in period t. The variables IR
t and KR

t denote
investment and capital stock of the household, respectively. The economy-wide
return to capital and wage rate are given by Rt and Wt. In each period, the
Ricardian household divides her disposable income, comprised of wage and
rental income, into consumption and savings.

The stock of capital of the representative Ricardian household evolves via the
following law of motion,

KR
tþ1 ¼ ð1� dÞKR

t þ IR
t �

f

2

KR
tþ1

KR
t

� mg

� �2

KR
t : ð10Þ

The investment is subject to quadratic capital adjustment cost as in Aguiar and
Gopinath (2007).

Households who do not have access to financial services cannot save or
borrow. Their behaviour is thus different from that of Ricardian consumers.
Liquidity-constrained households maximise instantaneous utility log CL

t subject
to the following budget constraint in each period,

CL
t ¼Wt; ð11Þ

where CL
t is total consumption of the liquidity-constrained household in period

t. In each period, a liquidity-constrained household consumes its entire dispos-
able income comprised of wage income.

The aggregate consumption is the weighted average of consumption by the
liquidity-constrained households and the Ricardian households. The weights are
the share of each type of households in the population.

Ct ¼ lCL
t þ ð1� lÞCR

t : ð12Þ
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The aggregate capital stock and investment are, respectively, the following

Kt ¼ ð1� lÞKR
t ; It ¼ ð1� lÞIR

t ; ð13Þ

A representative firm produces a homogeneous good, by hiring one unit of
labour from households and combining it with capital. The aggregate output is
produced by Cobb Douglas technology that uses capital and unit labour as
inputs:

Yt ¼ eat ½ð1� lÞKR
t �

1�a
Ga

t ; ð14Þ

where a [ ð0; 1Þ represents labour’s share of output and eat denotes the transito-
ry component of total factor productivity. Here Gt is the permanent component
of productivity. The two productivity processes are characterised by the follow-
ing stochastic properties: total factor productivity evolves according to an AR(1)
process as follows:

at ¼ raat�1 þ 1a
t ; ð15Þ

with jraj , 1 and 1a
t represents iid draws from a normal distribution with zero

mean and standard deviation sa.
Following Aguiar and Gopinath (2007), the growth rate of labour productivi-

ty Gt is defined as

Gt ¼ gtGt�1: ð16Þ

The growth rate of labour productivity gt follows an AR(1) process of the form:

ln
gt

mg

 !
¼ rg ln

gt�1

mg

 !
þ 1

g
t ; 1

g
t � Nð0;s2

gÞ ð17Þ

The resource constraint of the economy is given by

Ct þ It ¼ Yt ð18Þ

In a closed economy, total output is allocated between total consumption and in-
vestment as indicated by equation (18).

Since the realisation of g permanently influences G, output is nonstationary
with a stochastic trend. Output, consumption, investment, and capital stock are
detrended by normalising these variables with respect to the trend productivity
through period t21. For any variable X, its detrended counterpart is defined as
xt ¼ Xt=Gt�1.
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With the initial capital stock K0, the competitive equilibrium is defined as a set
of prices and quantities ðRt;Wt; yt; ct; c

R
t ; c

L
t ; it; ktÞ, given the sequence of shocks

to TFP and labour productivity growth, that solves the maximisation problem of
the household, optimisation by the firms, and satisfies the resource constraint of
the economy.

Predictions

After normalisation of the variables by labour productivity in the previous
period, the system of equations driving the dynamics of the model economy
become

1 ¼ bEt�1 Vt
cR

t�1

cR
t gt

� �
;

Vt ¼ ð1� aÞeatð1� lÞ1�aðkR
t Þ
�agat þ ð1� dÞ;

cR
t ¼
ð1� alÞ

1� l
eat ½ð1� lÞkR

t �
�agat þ ð1� dÞkR

t

� gtk
R
tþ1 � ðf=2Þ

kR
tþ1gt

kt
� mg

� �2

kR
t ;

at ¼ raat�1 þ 1a
t ;

ln
gt

mg

 !
¼ rg ln

gt�1

mg

 !
þ 1

g
t :

ð19Þ

The first equation in the system of equations (19) describes intertemporal alloca-
tion of consumption by the Ricardian consumers where Vt is the gross return to
capital. The third equation pertains to the resource constraint of the economy,
after taking into account the consumption of liquidity-constrained households
as in equation (11), total consumption in equation (12), dynamics of capital
accumulation by the Ricardian households in equation (10), stock of capital and
investment in the economy given in equation (13), and making use of the fact

that wt ¼Wt=Gt�1 ¼ aeat ½ð1� lÞkR
t �

1�agat .

After log-linearising the system of equations (19) and given the total consump-
tion of the economy as in equation (12), and making use of the equation (11) and
the fact that Wt ¼ aYt implying ~cL

t ¼ ~yt, one can arrive at the volatility of con-
sumption relative to output as,

s 2
~c

s 2
~y

¼ cR�

c�

� �2

ð1� lÞ2
s 2

~cR

s 2
~y

þ cL�

c�

� �2

l2: ð20Þ

Here the fluctuations in a Ricardian household’s consumption and that in total
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output are, respectively,

s2
~cR ¼

a2
2b2

1

1� a2
1

þ b2
2

� �
s2

a þ
a2

2d2
1

1� a2
1

þ d2
2

� �
s2

~g ;

s2
~y ¼ 1þ ð1� aÞ2b2

1

1� a2
1

" #
s2

a þ a2 þ ð1� aÞ2d2
1

1� a2
1

" #
s2

~g :

The Supplemental Appendix S2 describes the solution method in details.
The effects of transitory and permanent income shocks on the volatility of

consumption relative to volatility of output in the economy can be summarised
as follows.

Proposition 1 With everything else remaining unchanged,

(i) Volatility of consumption of a liquidity-constrained household relative to
output volatility is always unity, that is, s~cL=s~y ¼ 1, when s1a . 0;

s1g . 0.
(ii) Due to a transitory shock in income, both volatility of consumption of a

Ricardian household relative to output volatility and the volatility of
total consumption relative to output volatility are lower than one, irre-
spective of the share of liquidity-constrained households in the popula-
tion, that is, s~cR=s~y , 1 and s~cc=s~y , 1 for l [ ½0; 1Þ, when s1a . 0;

s1g ¼ 0.
(iii) Due to a shock to the trend growth of income, volatility of consumption of

a Ricardian household relative to volatility of output always exceeds
one, irrespective of the share of liquidity-constrained households in the
economy, while the volatility of total consumption relative to output
volatility depends on the share of liquidity-constrained households in
the economy, that is, s~cR=s~y . 1, and s~c=s~y + 1, for l [ ½0; 1Þ,
when s1a ¼ 0; s1g . 0.

(iv) In the presence of shock to the trend growth rate, both volatility of con-
sumption of a Ricardian household relative to output volatility and the
volatility of total consumption relative to volatility of output increases
when the share of liquidity-constrained households in the economy de-

creases, that is, @ s~cR=s~y

� �
=@l , 0, and @ s~c=s~y

� �
=@l , 0, for l [ ½0; 1Þ,

when s1a ¼ 0; s1g . 0.

The proof of Proposition 1 is presented in the Supplemental Appendix S2 in details.
Liquidity-constrained households who have no access to savings instruments

can respond to any change in income by changing consumption by the amount of
changed income. Hence volatility of consumption of a liquidity-constrained house-
hold relative to output volatility is always one irrespective of the nature of shock.
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In response to a transitory income shock, a Ricardian household smooths con-
sumption by re-allocating changed income between consumption and savings.
Hence consumption fluctuates by a lesser amount compared to income fluctuation.
Hence consumption volatility of a Ricardian household relative to output volatili-
ty, in response to a transitory income shock, is always less than one, irrespective of
the level of financial development. In this scenario, the relative volatility of total
consumption, when total consumption is a weighted average of the relative con-
sumption volatility of a Ricardian household and that of a liquidity-constrained
household, is also less than one in all states of financial development.3

Ricardian households perceive a rise in income in the future following a perma-
nent income shock. They respond to it by raising current consumption more than
the rise in current income by borrowing against future income or reducing current
savings. Thus, relative volatility of consumption of a Ricardian household with
respect to output volatility is greater than one. Relative volatility of total consump-
tion, when total consumption is a weighted average of the relative consumption
volatility of a Ricardian household and that of a liquidity-constrained household,
may be smaller or higher than one depending on the size of l.

Financial development reduces the share of liquidity-constrained households
in the economy and hence allows more people to respond to the permanent
income shock by raising current consumption more than the rise in current
income. As a result, volatility of total consumption relative to output volatility
increases with financial development.

Combining these observations, the main theoretical prediction of the model
can be stated as follows:

Main prediction: Other things unchanged, under the occurrence of permanent
income shock, financial development leads to a rise in the volatility of consump-
tion in the economy relative to output volatility.4

The main prediction is tested by calibrating the model economy to Indian
data. The hypothesis is tested for an emerging economy where relative consump-
tion volatility shows an increase after witnessing of financial sector development.

C A S E S T U D Y : E V I D E N C E F O R I N D I A

The model is calibrated for India, an emerging economy which has witnessed
financial sector reform. Ang (2011) finds that financial liberalisation increases
fluctuations in consumption in India during 1950–2005. Also, relative to income

3. The weights correspond to a combination of the share of consumption of the respective household

type in total consumption and the share of such households in total population.

4. It follows from the implications of the main prediction of the model that in response to a negative

permanent income shock, Ricardian households reduce current consumption by more than the decline in

current income and raise investment in order to smooth consumption over the lifetime. Financial

development will allow more people to respond to the negative income shock by reducing current

consumption more than the fall in income. Volatility of total consumption relative to output volatility thus

increases with financial development under negative trend growth shocks as well.
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volatility, consumption volatility in India increased after reform (Ghate et al.
2013).

India has witnessed development of its domestic financial sector in the post-
reform period, while remaining fairly closed in terms of capital account openness
even after the reform. Thus India serves as an example of an emerging economy,
with a low level of financial integration and a moderate expansion of domestic fi-
nancial services. Financial development indicators show expansion of financial
services in India from the pre- to post-reform periods (figure 3). Interestingly, the
country witnessed a small decline in banking services before witnessing a sharp
increase. This period is included in the post-reform sample to achieve reasonable
sample size.

The model is simulated for the pre- and post-reform periods, keeping all deep
parameters, except the share of non-Ricardian households the same for both
periods. Expansion of the financial services is captured by a lower value of the
share of liquidity-constrained households in the post-reform period. The purpose
is to identify one of the key factors which may explain the differences in relative
consumption volatility between pre- and post-financial reform periods. The
model is simulated for two different values of the share of liquidity-constrained

FIGURE 3. Financial Development in India

This figure shows the behaviour of some financial development indicators in India. The upper
two panels depict bank deposit to GDP ratio and the private credit to GDP ratio. The left lower
panel shows number of bank branches per 100,000 people. The right lower panel shows number of
bank accounts per 100,000 people. The density of bank accounts and that of bank branches, bank
deposit to GDP ratio, and private credit to GDP are all seen to rise. The dashed lines show the mean
values before and after financial reforms.

Source: International Financial Statistics, IMF, World Development Indicators, World Bank,
and Reserve Bank of India.
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households and compares the simulated business cycle moments with business
cycle stylised facts observed in pre- and post-reform India.

The key business cycle moments for per capita output, consumption, and in-
vestment at annual frequency are estimated. Output, consumption, and invest-
ment are measured by real GDP at factor cost, private consumption expenditure,
and gross fixed capital formation for the period 1951–2010. To examine the
transition in the business cycle stylised facts, the sample is divided into pre-
(1951–91) and post-reform periods (1992–2010). Key business cycle moments
are obtained from the hp-filtered cyclical components of per capita output, con-
sumption, and investment.

The trend in one of the key variables of the present analysis, namely, relative
consumption volatility, is depicted in figure 4. The mean of relative consumption
volatility shows an increase in the post reform period (figure 4).

The change in business cycle facts for the Indian economy from 1951–2009 are
depicted in table 4. Per capita Real GDP has become less volatile in the post-reform
period in India. The level of volatility is still high and comparable to emerging
economies. The absolute per capita consumption volatility, as well as the relative
consumption volatility with respect to output, increased in the post-reform period.
Per capita investment volatility show a small decline in the post-reform period,
while volatility in investment relative to output volatility has increased following
reform. Contemporaneous correlation of consumption and investment with
output has increased in the post-reform period. No significant persistence in the
output and consumption cycle is seen in the pre-reform period. In the post-reform
period, output and consumption cycle are observed to have higher persistence.
Persistence in the investment cycle rises in the post-reform period.

There has been a sharp increase in access to finance after reforms. The ratio
of bank accounts to total population was merely 20% in 1980; it has jumped

FIGURE 4. Trend in Relative Consumption Volatility

This figure shows the five year rolling relative consumption volatility in India during 1956–
2009.

Source: National Accounts Statistics, India, authors’ estimates.
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to above 70% in 2010, except for a period of decline in the trend during
1990–2005. Similarly, bank branches per 100,000 population in 2010 were
more than double the value in 1970.

As seen in table 4, relative consumption volatility in India has risen from 0.83
during 1951–91 to 1.04 during 1992–2012. Thus, after improved access to
savings instruments and credit, fluctuations in consumption relative to fluctua-
tions in income has increased.

Calibration

Table 5 summarises the benchmark parameter values used in the calibration ex-
ercise. The access of households to banking is captured by the number of bank
accounts to population. Hence the proxy for l, that is, the share of liquidity-
constrained households is derived from this ratio. The number of bank accounts
to population ratios in 1980 and 2010 are used to calibrate the share of liquidity-
constrained households in the pre- and post-reform periods. In 1980, 21.4% of
the population had access to banking. Thus the share of households without
access to finance, that is, l, is set to 0.786 in the pre-reform period. In 2010,
66.9% of the population had access to banking services. The value of l is thus
set to 1–0.669 ¼ 0.331 in the post-reform period.

Some of the other parameter values are chosen based on the existing literature.
A period is a year. The share of labour a for India is 0.7 as in Verma (2008),
while the rate of depreciation is 5% as in Virmani (2004).

Next, the annual discount rate is calibrated using annual data of real interest
rates for India sourced from the World Bank. The real interest rate series reported
in this database is the lending interest rate adjusted for inflation as measured
by the GDP deflater. The trend real interest rate is estimated using the Hodrick-
Prescott filter. The average value of the trend real interest rate during the sample
period of 1980–2012 is �R ¼ 6:16%. The Euler equation in steady state becomes
mg ¼ bð1þ �RÞ, where mg � 1 is the average trend growth of productivity process

TA B L E 4. Business Cycle Stylised Facts for the Indian Economy in the Pre- and
Post-Reform Period

Pre-reform period (1951–91) Post-reform period (1992–2009)

Std.
dev.

Rel. std.
dev.

Cont.
cor.

First ord.
auto corr.

Std.
dev.

Rel. std.
dev.

Cont.
cor.

First ord.
auto corr.

Real GDP 2.25 1.00 1.00 0.056 1.93 1.00 1.00 0.714
Pvt. Cons. 1.86 0.83 0.70 0.038 1.99 1.04 0.92 0.605
Investment 5.26 2.34 0.19 0.510 5.18 2.69 0.76 0.607

Source: National Accounts Statistics, Labour Bureau, authors’ estimates outlined in the Case
Study section.

This table reports the changes in business cycle facts for the Indian economy from the pre-reform
to the post-reform periods. The span of the analysis is 1951–2009.
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and b is the annual discount factor. The value of mg � 1 is obtained from
Kalman filtration of Solow residual series for India.5 The estimated value of
mg � 1 is 2.79%. It then follows from the Euler equation that the annual discount

factor for India is b ¼ mg=ð1þ �RÞ ¼ 1:0279=1:0616 ¼ 0:968.

The estimated shock processes in the transitory and the growth rate of perma-
nent components of Solow residual for India are sourced from table 3. The param-
eter for capital adjustment cost f is set to 2.82 from Aguiar and Gopinath (2007).

Effect of Financial Development on Relative Consumption Volatility

The model predicts that a decline in the share of liquidity-constrained households
in the population would allow more people to respond to permanent income
shocks. They can increase current consumption more than the rise in current
income. This is predicted to result in a rise in the relative consumption volatility.

Main findings are the following. The relative consumption volatility shows a
rise in the post-reform period (table 6). This result supports the key prediction of
the model. Since financial development allows more people to access savings in-
struments, when households perceive a permanent income shock which raises
both current and future income, more people can respond to the shock by reduc-
ing current savings and raising current consumption more than the rise in current
income. As a result of financial development, the volatility of consumption rela-
tive to volatility of output rises.

This model also replicates the pattern of changes in absolute consumption vol-
atility successfully. The model also captures a decline in the absolute output

TA B L E 5. Benchmark Parameter Values

Parameters Values

Discount factor b 0.968
Rate of Depreciation d 5.000
Share of labour a 0.700
Adjustment cost parameter f 2.820
Mean trend growth rate of labour productivity mg � 1 2.790
Persistence in transitory component of technology rc 0.760
Volatility in transitory component of technology sa 0.320
Persistence in growth of permanent component of technology rg 0.266
Volatility of shock to permanent component of technology sg 1.590

Source: Virmani (2004), Verma (2008), Aguiar and Gopinath (2007), and authors’ estimates
outlined in the Consumption Volatility and Permanent versus Transitory Income Shocks section
and in the Case Study section.

This table summarises the parameter values used for the calibration exercise. Rate of deprecia-
tion, mean trend growth rate, and volatilities of trend growth rate and transitory component of TFP
are in percentage (%).

5. The details of the estimation procedure and results are outlined in the Consumption Volatility and

Permanent versus Transitory Income Shocks section.
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volatility in the post-reform period as observed in the data. However, in terms of
magnitude, the change in the output volatility is not substantial. With financial
inclusion, more people can save, and, hence, investment volatility declines. The
model shows a fall in the absolute volatility in investment in the post-reform
period, as observed empirically. However, unlike the trend shown in the data,
the simulated relative investment volatility declines in the post-reform period.

Next, the simulated correlation of consumption and investment cycles with
the output cycle and their persistence with the empirical counterparts are com-
pared in (table 7). The model shows a rise in the correlation of investment with
output, as in the data. However, the magnitude of the rise is small compared to
the trend shown by the data. The simulated correlation of consumption cycle
with the output cycle shows a marginal decline after reform.

The pattern of model simulated persistence in output and consumption cycles
matches broadly with the pattern observed in the data. However, the perfor-
mance of the model is not satisfactory in terms of matching the persistence in the
investment cycle. Finally, the model is found to replicate the cyclical pattern in
output, consumption, and investment fairly well (figure 5).

Sensitivity to the Measure of Financial Development

In the above analysis, the financial development is measured by the share of the
population with bank accounts. As a robustness check, another measure of finan-
cial development, namely, the bank deposit to GDP ratio is used to obtain the
fraction of liquidity-constrained households in the economy. By this measure, l
is 0.687 in the pre-reform period. The value of l in the post-reform period is
0.305.

The key moments from the business cycle model for the pre- and post-reform
periods based on this alternative measure of l are similar to those of the bench-
mark model (table 8 and 9).

TA B L E 6. Business Cycle Volatilities from the Simulated Model

Std. dev. Rel. std. dev.

Y C I C I

Data
Pre-reform 2.25 1.86 5.26 0.83 2.34
Post-reform 1.93 1.99 5.18 1.04 2.69
Model
Pre-reform 1.92 1.97 4.46 1.03 2.32
Post-reform 1.91 2.16 3.53 1.13 1.85

Source: Authors’ analysis outlined in the Case Study section.

This table presents absolute and relative business cycle volatilities from the simulated model for
the pre- and post-reform periods. The absolute standard deviation numbers are in percentage (%).
The relative standard deviations are in ratio.
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F I N A N C I A L D E V E L O P M E N T, P E R M A N E N T I N C O M E S H O C K ,
A N D R E L A T I V E C O N S U M P T I O N V O L A T I L I T Y : I N A S M A L L

O P E N E C O N O M Y

Along with domestic financial deepening, opening up of the capital account, or
financial liberalisation, has been a major component of the spectrum of reforms
in emerging economies in the last two decades. This section explores the implica-
tions of financial deepening for the aggregate consumption fluctuations in an
open economy framework.

It is assumed that financial transactions by Ricardian households take place
through an internationally traded, one-period, risk-free bond as in Aguiar and
Gopinath (2007). The budget constraint of the Ricardian households is modified
for the open economy framework as

CR
t þ IR

t þ BR
t �

BR
tþ1

1þ Rt
¼ RK

t KR
t þWt: ð21Þ

Here, the level of debt due in period t held by a Ricardian household is denoted
by BR

t and Rt is the time t interest rate payable for the debt due in period t þ 1.
The economy-wide return to physical capital and wage rate are given by RK

t and
Wt, respectively. Access to international financial markets is assumed to be
imperfect. The interest rate is subject to a premium associated to the riskiness of
investing in emerging economies. This premium depends on the level of outstand-
ing debt, taking the form used in Schmitt-Grohe and Uribe (2003),

Rt ¼ R� þ c e
Btþ1
Gt
��b � 1

� 	
: ð22Þ

TA B L E 7. Business Cycle Correlation and Persistence from the Simulated Model

Correlation Auto-correlation

C I Y C I

Data
Pre-reform 0.70 0.19 0.056 0.038 0.510
Post-reform 0.92 0.76 0.714 0.605 0.607
Model
Pre-reform 0.99 0.22 0.524 0.617 20.142
Post-reform 0.97 0.24 0.534 0.747 20.116

Source: Authors’ analysis outlined in the Case Study section.

This table presents respective contemporaneous correlations of consumption and investment
cycles with output cycle and the persistence in output, consumption, and investment cycles. These
business cycle moments from the simulated model are reported for the pre- and post-reform
periods.
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Here the variable R� is the world interest rate exogenously given to the small open
home country. The variable �b denotes the steady state level of total debt, and c

(c . 0) is the elasticity of interest rate to changes in the indebtedness of the
economy. The total debt of the economy Bt is exogenously given to the representa-
tive agent who does not internalise the premium payable on the foreign interest
rate determined by the indebtedness of the economy. However, in equilibrium,
total foreign debt of the economy coincides with the amount of debt acquired by
all the representative agents of the Ricardian type. Given the fraction of Ricardian
households in the economy equal to 1� l, the total debt in the economy amounts
to Bt ¼ ð1� lÞBR

t , while the long run total debt is �b ¼ ð1� lÞ�bR
.

The resource constraint equation for the open economy is modified as follows:

Ct þ It þ TBt ¼ Yt; ð23Þ

FIGURE 5. Actual and Simulated Cycles

This figure compares cyclical movements in per capita GDP, consumption expenditure and in-
vestment with simulated output, and consumption and investment cycles for the pre- and post-
reform periods. The left panel shows key macroeconomic cycles in the pre-reform period, whereas
the right panel depicts post-reform cyclical fluctuations in the macroeconomic indicators.

Source: Authors’ estimates outlined in the Case Study section.
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where the trade balance TBt is financed by the net flows of capital,

TBt ¼ Bt �
Btþ1

1þ Rt
: ð24Þ

In an economy which is open on both trade and financial fronts, imports and total
domestic output net of exports is allocated between total consumption and invest-
ment, where the difference between exports and imports are balanced by the finan-
cial flows as indicated by equations (23) and (24). The rest of the framework, such
as the optimisation problem of the Ricardian and the liquidity-constrained house-
holds, firm’s profit maximisation behaviour, and the permanent and transitory

TA B L E 9. Sensitivity Analysis with Respect to the Financial Development
Parameter

Correlation Auto-correlation

C I Y C I

Data
Pre-reform 0.70 0.19 0.056 0.038 0.510
Post-reform 0.92 0.76 0.714 0.605 0.607
Model
Pre-reform 0.99 0.23 0.527 0.651 20.133
Post-reform 0.96 0.24 0.534 0.753 20.115

Source: Authors’ analysis outlined in the Case Study section.

This table shows that business cycle moments from the simulated model for the pre- and post-
reform period using the alternative measure of l based on deposit to GDP ratio. The patterns of
transition of the moments broadly resemble the patterns from benchmark analysis.

TA B L E 8. Sensitivity Analysis with Respect to the Financial Development
Parameter

Std. dev. Rel. std. dev.

Y C I C I

Data
Pre-reform 2.25 1.86 5.26 0.83 2.34
Post-reform 1.93 1.99 5.18 1.04 2.69
Model
Pre-reform 1.92 2.00 4.11 1.04 2.14
Post-reform 1.91 2.18 3.99 1.14 2.09

Source: Authors’ analysis outlined in the Case Study section.

This table presents business cycle moments from the simulated model for the pre- and post-
reform period using an alternative measure of l. The measure used in this analysis is based on the
deposit to GDP ratio. The absolute standard deviation numbers are in percentage (%). The relative
standard deviations are in ratio. The patterns of transition of business cycle moments broadly re-
semble the benchmark analysis.
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shock structures remain similar, as in the closed economy framework. By normal-
ising the variables with respect to the permanent component of productivity at
period t–1, the detrended system of equations are obtained. The Supplemental
Appendix S3 contains the detrended system of equations pertaining to the open
economy.

Calibration to Indian Data

In order to calibrate the open economy, value of the interest rate elasticity of in-
debtedness is set to 0.001, as in Aguiar and Gopinath (2007). The steady state
level of debt to GDP ratios for the pre- and post-reform periods are set to the
average values of the external debt to GDP ratios in 1971–91 and 1992–2012,
respectively. The respective values are 16.30% and 21.39%.6

The value of the risk-free world interest rate is set to satisfy the condition that
bð1þ R�Þ ¼ mg, where mg � 1 is the mean growth rate of the permanent compo-
nent of TFP. The value of this parameter is set to 2.79% based on the estimated
permanent component of TFP as outlined in the Consumption Volatility and
Permanent versus Transitory Income Shocks section. The rest of the parameter
values remain the same, as in the closed economy case.

Data show, in addition to business cycle stylised facts with respect to the key
macroeconomic indicators in India (table 4), more than one-and-a-half times in-
crease in the mean net exports to GDP ratio from pre- to the post-reform period
in India (table 10). The business cycle volatilities, both absolute and relative, in
trade balance to GDP ratio have also increased in the post-reform period. The
trade balance to GDP ratio has become strongly counter cyclical after the
reform, from being merely acyclical in the pre-reform period (table 10).

The empirical and simulated business cycle moments for the open economy
in the pre- and post-reform periods are compared in tables 11 and 12. The open
economy version of the model is able to replicate most of the patterns in the
changes in stylised facts from the pre- to post-reform periods in India. As ob-
served in the data, the model-simulated absolute volatilities in consumption and
trade balance to GDP ratio have increased in the post-reform period, while that
of investment has decreased. However, unlike in the data, the volatility of output
in the model shows a rise in the post-reform period and the absolute volatility in
the trade balance to GDP ratio exceeds output volatility.

So far as the relative volatilities are concerned, volatilities in consumption and
trade balance to GDP ratio, relative to output volatility rise, reflecting trends ob-
served in the data. However, unlike the pattern observed empirically, the relative
volatility of investment falls. The relative volatility of investment resembles the
pattern observed in the closed economy framework.

The model-simulated correlation of investment with output increases after the
reform, although the model is not able to capture the sharp rise in the correlation

6. The annual series of external debt are sourced from WDI. The data spans from 1971–2012 and are

in current US$. The GDP data, also in current US$, are sourced from WDI.

Bhattacharya and Patnaik 195

http://wber.oxfordjournals.org/lookup/suppl/doi:10.1093/wber/lhv029/-/DC1
http://wber.oxfordjournals.org/lookup/suppl/doi:10.1093/wber/lhv029/-/DC1


TA B L E 10. Stylised Facts on Trade Balance to GDP Ratio in India in the Pre-
and Post-Reform Period

Pre-reform period (1951–1991) Post-reform period (1992–2009)

Mean 1.99 3.48
Std. dev. 0.90 1.16
Rel. std.dev. 0.40 0.60
Cont. cor. 0.25 20.69
First ord. auto. corr. 0.246 0.504

Source: National Accounts Statistics, authors’ estimates outlined in the Financial Development,
Permanent Income Shock, and Relative Consumption Volatility in a Small Open Economy section.

This table presents business cycle moments and the average value of the trade balance to GDP
ratio for the pre- and post-reform periods.

TA B L E 11. Simulated Business Cycle Volatilities from the Open Economy
Model

Std. dev. Rel. std. dev.

Y C I
TB

Y
C I

TB

Y

Data
Pre-reform 2.17 1.86 5.26 0.92 0.86 2.42 0.42
Post-reform 1.94 1.99 5.18 1.24 1.03 2.67 0.64
Model
Pre-reform 1.48 2.14 6.63 2.75 1.44 4.48 1.86
Post-reform 1.51 2.94 6.43 3.46 1.95 4.26 2.29

Source: Authors’ analysis outlined in the Financial Development, Permanent Income Shock, and
Relative Consumption Volatility in a Small Open Economy section.

This table compares absolute and relative business cycle volatilities from the simulated model
for the pre- and post-reform period with the pattern observed in the data. The volatilities are in per-
centage (%).

TA B L E 12. Simulated Business Cycle Correlation and Persistence from the
Open Economy Model

Correlation Auto-correlation

C I
TB

Y
Y C I

TB

Y

Data
Pre-reform 0.71 0.19 0.25 0.055 0.038 0.510 0.245
Post-reform 0.83 0.76 20.59 0.701 0.605 0.607 0.502
Model
Pre-reform 0.80 0.20 20.15 0.354 0.633 0.806 0.793
Post-reform 0.72 0.21 20.21 0.376 0.751 0.799 0.775

Source: Authors’ analysis outlined in the Financial Development, Permanent Income Shock, and
Relative Consumption Volatility in a Small Open Economy section.

This table compares business cycle correlation of various macroeconomic indicators with output
cycle and persistence from the simulated model for the pre- and post-reform periods with the pat-
terns observed in the data.
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as observed in the data. The data shows that the correlation of trade balance to
GDP ratio turns from acyclical to strongly counter-cyclical. Although the model
shows that trade balance to GDP ratio has a negative correlation with output,
and the magnitude of the correlation increases in the post-reform period, but it
does not become strongly countercyclical after the reform. The correlation of
consumption with output declines, whereas it increases in the data after the
reform.

Discussion of the Results

The open economy framework, when calibrated to Indian data, supports the
main prediction of rising relative consumption volatility with financial inclusion.
Broadly, the model-simulated moments show similar patterns observed in the
closed economic framework, except for a marginal rise in the output volatility in
the post reform period.

One plausible reason for the open economy setup to show similar trends in the
volatility and correlation of the key macroeconomic indicators, as in the closed
economy scenario, is that financial deepening, in the present model, works
through the household channel. Under strong permanent income shock, relative
to transitory income fluctuations, Ricardian households behave in a similar
manner in both closed and open economy setups. However, the extent of fluctua-
tions is higher in an open economy. In response to permanent income shock, in
an open economy, households can even raise current consumption more by using
funds borrowed against future income. Hence fluctuation in consumption is
even higher than the closed economy scenario. Financial inclusion, in this setup
results in larger fluctuations in aggregate consumption. A sharp rise in consump-
tion volatility with a relatively smaller decline in investment volatility causes a
marginal rise in post-reform output fluctuations. Hence, the open and closed
economy setups show qualitatively similar results.

In this open economy framework, consumers transact an internationally
traded bond, which is the source of capital flows in the economy. A bulk of litera-
ture has explored macroeconomic effects of the interaction between financial
openness and domestic financial development through firm borrowing channel
(Aghion et al. 2004, 2010). Incorporating borrowing by firm in the model may
provide an additional channel for the interaction between financial development
and financial liberalisation to affect output and investment. However, in spite of
the fact that India started liberalising capital account in 1991, the pace and the
extent of easing restrictions on capital flows remained low compared to other
emerging economies. The access to foreign capital by Indian households and
firms are still limited due to a wide array of capital control measures existing in
the country. The de jure measure of capital account openness based on the
Chinn-Ito index shows that India is relatively closed compared to other large
emerging economies (Patnaik and Shah 2012) (see figure 6). Households in India
are not allowed to borrow abroad. There are a number of restrictions on foreign
borrowing by firms, and both macro and firm level data indicate low exposure of

Bhattacharya and Patnaik 197



Indian firms to foreign capital.7 Given the low level of access to foreign capital
by Indian households and firms, an open economy setup through the financial
channel may not be appropriate to replicate the post-reform business cycle styl-
ised facts in India.

India liberalised current account at a faster pace than capital account.
Explicitly modelling the current account incorporating home and foreign goods
in consumption and investment, as in Mendoza (1995) and Kose and Yi (2006)
would provide an additional channel of trade liberalisation to affect macroeco-
nomic volatility and cyclicality of various indicators with output.

FIGURE 6. De Jure Financial Integration: Chinn-Ito Measure

This figure depicts an index of capital account openness based on the “Annual Report on
Exchange Arrangements and Exchange Restrictions” of the IMF (Chinn and Ito 2008). This figure
compares the index of capital account openness for India with the emerging economy mean. The set
of emerging economies includes countries in table 1 of the paper, except Taiwan.

Source: Chinn and Ito (2008).

7. Along with domestic financial deepening, opening up of the capital account, or financial

liberalization, has been a major component of reforms in India since 1991. However, the access to foreign

capital by Indian households and firms have remained limited. Households and banks in India are not

allowed to borrow abroad. As far as borrowing by firms are concerned, Indian firms access foreign capital

through two channels to leverage their operations. These are Foreign Direct Investment (FDI) and foreign

borrowings. FDI in India (net inflows) has grown from USD 0.59 billion in 1993–94 to USD 30.76 billion

in 2013–14 (Economic Outlook, Centre for Monitoring Indian Economy). However, the net FDI inflows in

India accounts for only 1.78% of GDP in 2013–14. The share of net FDI inflows in India in total investment

amounts to 5.24% in 2013–14. To compare with other emerging economies, for instance, net FDI inflows

in Brazil in 2013 has been USD 80.84 billion, which is more than double the FDI inflows in India, while the

net FDI inflows in China in 2013 has been USD 347.85, which is more than eleven times larger the FDI flows

in India (World Development Indicators). Looking deep into the firm-level database, only 623 firms are

found to have foreign promoter (ownership) in a base of 26,725 companies at the end of 31st March,

2014 (Prowess, Centre for Monitoring Indian Economy). India holds stock under foreign borrowings of

USD 53.92 billion in 2012–13 and 2013–14. The net inflow of foreign borrowings has accounted for

only 0.63% of GDP in 2013–14. Again in a sample of 26,725 firms in the Prowess database, only a total of

642 companies are found to have had foreign borrowings over the years, while only 464 companies have

executed for the financial year 2013–14.
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C O N C L U S I O N

Emerging economies have been seen to witness an increase in consumption vola-
tility relative to output volatility after financial development. This behaviour
appears puzzling since traditional models and evidence from advanced econo-
mies suggest that consumption should become smoother with increase in the
access to financial services.

A distinguishing feature of developing economies is that a large share of the
population does not have access to finance. In the last two decades, these econo-
mies have experienced reforms in the financial sector giving greater access to fi-
nancial services for households and firms. Yet, these economies experienced an
increase in consumption volatility relative to output volatility in the post-reform
period. This paper addresses this empirical puzzle. This puzzle can be explained
in a model featuring credit constraints and shocks to trend growth of productivi-
ty. The model predicts that relative consumption volatility will rise when more
consumers can smooth consumption.

The model, when simulated for India before and after an increase in financial
development, broadly replicates the rise in relative consumption volatility, as ob-
served in the data. Most of the other empirical regularities observed in the data
are also replicated by this model.

The benchmark model represents a closed economy, and the concept of finan-
cial development is limited to household’s access to financial services. The model
assumes that the household sector is the sole channel for the financial develop-
ment to work. This is one plausible reason for the model’s weak performance in
replicating the business cycle patterns with respect to investment. By including
credit-constrained firms in this framework, one can examine the role of financial
development further. Extending the model with borrowings by firms will help in
understanding how increase in households’ access to finance affects consumption-
smoothing behaviour when production and demand for resources are subject to
firm’s access to finance.

Finally, the open economy framework, following Aguiar and Gopinath
(2007), assumes that consumers transact an internationally traded bond, which
is the source of capital flows in the economy. A bulk of literature has explored
macroeconomic effects of the interaction between financial openness and domes-
tic financial development through the firm borrowing channel (Aghion et al.
2004, 2010). However, a wide array of capital control measures existing in India
(Patnaik and Shah 2012) restricts access of Indian households and firms to
foreign capital. Again, India liberalised current accounts at a faster pace than
capital accounts. Hence an open economy framework, capturing trade liberalisa-
tion following Mendoza (1995) and Kose and Yi (2006), may help in improving
the fit of the model in the open economy framework.

Further, differentiating between agricultural and nonagricultural goods in the
consumption basket may help to capture the effects of structural shifts away
from agriculture to nonagriculture on the post-reform stylised facts.

Bhattacharya and Patnaik 199



S U P P L E M E N T A R Y M A T E R I A L

The supplemental appendices to this article are available at http://wber.
oxfordjournals.org

C O N F L I C T O F I N T E R E S T

None declared.

RE F E R E N C E S

Agenor, P. R., C. J. McDermott, and E. S. Prasad. 2000. “Macroeconomic Fluctuations in Developing

Countries: Some Stylised Facts.” The World Bank Economic Review 14: 251–285.

Aghion, P., G. M. Angeletos, A. Banerjee, and K. Manova. 2010. “Volatility and Growth: Credit

Constraints and the Composition of Investment.” Journal of Monetary Economics 57 (3): 246–65.

Aghion, P., P. Bacchetta, and A. Banerjee. 2004. “Financial Development and the Instability of Open

Economies.” Journal of Monetary Economics 51: 1077–106.

Aguiar, M., and G. Gopinath. 2007. “Emerging Market Business Cycles: The Cycle is the Trend.” Journal

of Political Economy 115 (1).

Alp, H., Y. S. Baskaya, M. Kilinc, and C. Yuksel. 2012. “Stylized Facts for Business Cycles in Turkey.”

Working Paper No. 12/02, Research and Monetary Policy Department, Central Bank of the Republic

of Turkey.

Ang, J. B. 2011. “Finance and Consumption Volatility: Evidence from India.” Journal of International

Money and Finance 30: 947–64.

Aslund, A. 2012. “Lessons from Reforms in Central and Eastern Europe in the Wake of the Global

Financial Crisis.” Working Paper No. 12–7, Peterson Institute for International Economics.

Backus, D. K., and P. J. Kehoe. 1992. “International Evidence on the Historical Properties of Business

Cycles.” The American Economic Review 82 (4): 864–88.

Bernanke, B., and M. Gertler. 1989. “Agency Costs, Net Worth, and Business Fluctuations.” American

Economic Review 79 (1): 14–31.

Blunch, N.-H., S. Canagarajah, and D. Raju. 2001. “The Informal Sector Revisited: A Synthesis Across

Space and Time.” Social Protection Discussion Paper Series 0119. World Bank, Policy Research

Department, Washington, DC.

Buch, C. M., J. Doepke, and C. Pierdzioch. 2005. “Financial Openness and Business Cycle Volatility.”

Journal of International Money and Finance 24: 744–765.

Campbell, J. Y., and N. G. Mankiw. 1991. “The Response of Consumption to Income: A Cross-country

Investigation.” European Economic Review 35: 723–767.

Chinn, M. D., and H. Ito. 2008. “A New Measure of Financial Openness”. Journal of Comparative Policy

Analysis 10 (3): 309–22.

Ghate, C., R. Pandey, and I. Patnaik. 2013. “Has India Emerged? Business Cycle Facts from a

Transitioning Economy.” Structural Change and Economic Dynamics 24: 157–172.

Greenwald, B. C., and J. E. Stiglitz. 1993. “Financial Market Imperfections and Business Cycles.” The

Quarterly Journal of Economics 108 (1): 77–114.

Hayashi, F. 1982. “The Permanent Income Hypothesis: Estimation and Testing by Instrumental

Variables.” The Journal of Political Economy 90 (5): 895–916.

Honohan, P. 2006. “Household Financial Assets in the Process of Development.” Policy Research

Working Paper 3965, World Bank, Policy Research Department, Washington, DC.

International Labour Organization, June 2012. Statistical Update on Employment in the Informal

Economy. URL http://laborsta.ilo.org/informal_economy_E.html (accessed May 15, 2015).

200 T H E W O R L D B A N K E C O N O M I C R E V I E W

http://wber.oxfordjournals.org
http://wber.oxfordjournals.org
http://wber.oxfordjournals.org
http://wber.oxfordjournals.org
http://wber.oxfordjournals.org
http://wber.oxfordjournals.org
http://laborsta.ilo.org/informal_economy_E.html
http://laborsta.ilo.org/informal_economy_E.html
http://laborsta.ilo.org/informal_economy_E.html
http://laborsta.ilo.org/informal_economy_E.html
http://laborsta.ilo.org/informal_economy_E.html
http://laborsta.ilo.org/informal_economy_E.html


Iyigun, M. F., and A. L. Owen. 2004. “Income Inequality, Financial Development, and Macroeconomic

Fluctuations.” The Economic Journal 114 (495): 352–376.

Kim, S. H., M. A. Kose, and M. G. Plummer. 2003. “Dynamics of Business Cycles in Asia: Differences

and Similarities.” Review of Development Economics 7 (3): 462–77.

King, R. G., and S. T. Rebelo. 1999. “Resuscitating Real Business Cycles.” In J. B. Taylor, and

M. Woodford, eds., Handbook of Macroeconomics. Vol. 1B. Amsterdam: Elsevier.

Kose, M. A., and K.-M. Yi 2006. “Can the Standard International Business Cycle Model Explain the

Relation Between Trade and Comovement?” Journal of International Economics 68 (2): 267–95.

Kydland, F. E., and E. C. Prescott. 1990. “Business Cycles: Real Facts and a Monetary Myth.” In K. D.

Hoover, ed., Real Business Cycles: A Reader. London: Routledge.

Leblebicioglu, A. 2009. “Financial Integration Credit Market Imperfection and Consumption

Smoothing.” Journal of Economic Dynamics and Control 33: 377–93.

Male, R. 2010. “Developing Country Business Cycle: Revisiting the Stylised Facts.” Working Paper No.

664, Queen Mary, University of London.

Mendoza, E. G. 1995. “The Terms of Trade, the Real Exchange Rate, and Economic Fluctuations.”

International Economic Review 36 (1): 101–37.

Naoussi, C. F., and F. Tripier. 2013. “Trend Shocks and Economic Development.” Journal of

Development Economics 103: 29–42.

National Sample Survey Organisation. 2004–05. Informal Sector and Conditions of Employment in

India. NSS 61st Round, Report No 519.

———, 2009–10. Informal Sector and Conditions of Employment in India. Report No. 539.

Patnaik, I., and A. Shah. 2012. “Did Indian Capital Controls Work as a Tool of Macroeconomic Policy?”

IMF Economic Review 60 (3): 439–64.

Rand, J., and F. Tarp. 2002. “Business Cycles in Developing Countries: Are They Different?” World

Development 30 (12): 2071–88.

Report of the Committee on Unorganised Sector Statistics. 2012. National Statistical Commission,

Government of India.

Rodrik, D. 2008. “Understanding South Africa’s Economic Puzzles” Economics of Transition 16 (4):

769–97.

Schmitt-Grohe, S., and M. Uribe. 2003. “Closing the Small Open Economy”. Journal of International

Economics 61: 163–85.

Singh, A., A. Belaisch, C. Collyns, P. D. Masi, R. Krieger, G. Meredith, and R. Rennhack. 2005.

“Stabilization and Reform in Latin America: A Macroeconomic Perspective on the Experience Since

the Early 1990s” Occassional Paper No. 238, International Monetary Fund.

Stock, J. H., and M. W. Watson. 1999. “Business Cycle Fluctuations in US Macroeconomic Time Series.”

In J. B. Taylor, and M. Woodford, eds., Handbook of Macroeconomics. Vol. 1A. Amsterdam:

Elsevier: 3–64.

Verma, R. 2008. “The Service Sector Revolution in India.” Research Paper No. 2008/72, United Nations

University.

Virmani, A. 2004. “Sources of India’s Economic Growth: Trends in Total Factor Productivity.” Working

Paper No. 131, Indian Council for Research on International Economic Relations.

Bhattacharya and Patnaik 201



THE WORLD BANK
ECONOMIC REVIEW

editor
Andrew Foster, Brown University

co-editors
Francisco H. G. Ferreira and Luis Servén, World Bank

The editorial team would like to thank former editors Elisabeth Sadoulet and 
Alain de Janvry for overseeing the review process of some of the articles in this issue.

assistant to the editor
Marja Kuiper

editorial board
Harold H. Alderman, International Food

Policy Research Institute
Chong-En Bai, Tsinghua University, China
Pranab K. Bardhan, University of California,

Berkeley, USA
Kaushik Basu, World Bank
Thorsten Beck, Cass Business School,

City University London, UK
Johannes van Biesebroeck, K.U. Leuven,

Belgium
Maureen Cropper, University of Maryland,

USA
Asli Demirgüç-Kunt, World Bank 
Quy-Toan Do, World Bank
Frédéric Docquier, Catholic University of

Louvain, Belgium
Eliana La Ferrara, Università Bocconi, Italy
Francisco H. G. Ferreira, World Bank
Augustin Kwasi Fosu, United Nations

University, WIDER, Finland

Paul Glewwe, University of Minnesota, 
USA

Jeremy Magruder, University of California,
Berkeley, USA

William F. Maloney, World Bank
David J. McKenzie, World Bank
Jaime de Melo, University of Geneva,

Switzerland
Ugo Panizza, The Graduate Institute 

Geneva
Nina Pavcnik, Dartmouth College, USA
Vijayendra Rao, World Bank
Martin Ravallion, Georgetown University,

USA
Jaime Saavedra-Chanduvi, World Bank
Claudia Sepúlveda, World Bank
Dominique Van De Walle, World Bank
Christopher M. Woodruff, University of

California, San Diego, USA

The World Bank Economic Review is a professional journal used for the dissemination of research in
development economics broadly relevant to the development profession and to the World Bank in
pursuing its development mandate. It is directed to an international readership among economists and
social scientists in government, business, international agencies, universities, and development research
institutions. The Review seeks to provide the most current and best research in the field of quantita-
tive development policy analysis, emphasizing policy relevance and operational aspects of economics,
rather than primarily theoretical and methodological issues. Consistency with World Bank policy plays
no role in the selection of articles. 

The Review is managed by one or two independent editors selected for their academic excellence in
the field of development economics and policy. The editors are assisted by an editorial board composed
in equal parts of scholars internal and external to the World Bank. World Bank staff and outside
researchers are equally invited to submit their research papers to the Review.

For more information, please visit the Web sites of the Economic Review at Oxford University Press
at www.wber.oxfordjournals.org and at the World Bank at www.worldbank.org/research/journals. 

Instructions for authors wishing to submit articles are available online at www.wber.oxfordjournals.org.
Please direct all editorial correspondence to the Editor at wber@worldbank.org. 

Forthcoming papers in

• Global Income Distribution: From the Fall of the Berlin Wall
to the Great Recession
Christoph Lakner and Branko Milanovic

• The Government Response to Informed Citizens: New Evidence
on Media Access and the Distribution of Public Health Benefits
in Africa
Philip Keefer and Stuti Khemani

• The Whole is Greater than the Sum of Its Parts: Complementary
Reforms to Address Microeconomic Distortions
Raphael Bergoeing, Norman V. Loayza, and Facundo Piguillem

• Risky Business: Political Instability and Sectoral Greenfield
Foreign Direct Investment in the Arab World
Martijn Burger, Elena Ianchovichina, and Bob Rijkers

MINI-SYMPOSIUM “DOING BUSINESS”

• The Impact of Business Environment Reforms on New
Registrations of Limited Liability Companies
Leora Klapper and Inessa Love

• Deals and Delays: Firm-level Evidence on Corruption and
Policy Implementation Times
Caroline Freund, Mary Hallward-Driemeier, and Bob Rijkers

• The Role of Regulation on Entry: Evidence from the
Italian Provinces
Francesco Bripi

THE WORLD BANK
ECONOMIC REVIEW

Wber.j_30_1_Cover_Wber.j_28_3_Cover  06/01/16  4:29 PM  Page 2



THE WORLD BANK
ECONOMIC REVIEW

Learning Dynamics and Support for Economic Reforms: 
Why Good News Can Be Bad 

Sweder J. G. van Wijnbergen and Tim Willems

A Helping Hand or the Long Arm of the Law? Experimental
Evidence on What Governments Can Do to Formalize Firms 

Gustavo Henrique de Andrade, Miriam Bruhn, and
David McKenzie

Economic Shocks and Subjective Well-Being: Evidence from 
a Quasi-Experiment 

Jacob Gerner Hariri, Christian Bjørnskov, and Mogens K. Justesen

Does Access to Foreign Markets Shape Internal Migration?
Evidence from Brazil 

Laura Hering and Rodrigo Paillacar

The Decision to Invest in Child Quality over Quantity: Household
Size and Household Investment in Education in Vietnam 

Hai-Anh H. Dang and F. Halsey Rogers

The Impact of Vocational Schooling on Human Capital
Development in Developing Countries: Evidence from China

Prashant Loyalka, Xiaoting Huang, Linxiu Zhang, Jianguo Wei,
Hongmei Yi, Yingquan Song, Yaojiang Shi, and James Chu

Financial Inclusion, Productivity Shocks, and Consumption
Volatility in Emerging Economies 

Rudrani Bhattacharya and Ila Patnaik

Volume 30 • 2016 • Number 1

www.wber.oxfordjournals.org

THE WORLD BANK
1818 H Street, NW
Washington, DC 20433, USA
World Wide Web:  http://www.worldbank.org/
E-mail:  wber@worldbank.org

2
V

olum
e 30 • N

um
ber 1 • 2016

T
H

E
 W

O
R

L
D

 B
A

N
K

 E
C

O
N

O
M

IC
 R

E
V

IE
W

Pages 1–201

ISSN 0258-6770 (PRINT) ISSN 1564-698X (ONLINE)

9 780198 787006

ISBN 978-0-19-878700-6

Wber.j_30_1_Cover_Wber.j_28_3_Cover  06/01/16  4:29 PM  Page 1


	112481 JRN (PUBLIC) WBER 2016-30 (1) learning dynamics and support for economic reforms why good news can be bad
	112478 JRN (PUBLIC) WBER 2016-30 (1) a helping hand or the long arm of the law experimental evidence on what governments can do to formalizr firms
	112483 JRN (PUBLIC) WBER 2016-30 (1)economic shocks and subjective well-being evidence from a quasi-experiment
	112479 JRN (PUBLIC) WBER 2016-30 (1) does access to foreign markets shape internal migration evidence from brazil
	112484 JRN (PUBLIC) WBER 2016-30 (1)The decision to invest in child quality over quantity household size and household investment in education in vietnam
	112482 JRN (PUBLIC) WBER 2016-30 (1) the impact of vocational schooling on human capital development in developing countries evidence from china


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


