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ABSTRACT

This dissertation explores the importance of formal and informal institutions in deter-
mining human capital and economic development. Using detailed, georeferenced data
from the Chinese primary land market, Chapter 1 provides evidence that policymak-
ers are motivated by intrinsic preferences for their social group members, and that
this in-group preference can, in turn, cause spatial misallocation of public resources
and economic activities. Chapter 2 takes advantage of a civil service examination
reform in Taiwan as natural experiment, and studies how merit-based recruitment
of bureaucrats affects individuals’ human capital investment. Chapter 3 evaluates
the long-term impacts of China’s land property reform on rural populations. It finds
that the reform improved later-life health and economic outcomes for individuals who
had been exposed early in life. It also finds that the reform reduced human capital
investment for those exposed at critical school ages, making them less likely to receive

education and more likely to remain in agriculture.



CHAPTER I

In-group Preferences and Land Misallocation in
China

I collect georeferenced data on each parcel of land supplied by Chinese city govern-
ments for industrial activities, and spatially match them to river networks. Using
variation induced by unique city leader appointment rules, I provide evidence that
areas upstream of city leaders’ hometowns receive less land for industrial activities
than otherwise similar areas. However, areas downstream of leaders’ hometowns do
not exhibit this pattern. These findings are consistent with policymakers’ social
preferences for in-group members, suggesting that they are less willing to allocate
industrial activities to areas where industrial pollution spills over to residents of their
hometowns. Additional evidence suggests that this in-group preference leads to price

distortion and lost surplus in the industrial land market.



1.1 Introduction

The efficient allocation of public resources is a key driver of economic development
(Alesina et al., 1999). However, public resources are often misallocated and the
sources of misallocation are not always apparent (Finan and Mazzocco, 2016; Padr6 i
Miquel, 2007). Since politicians and bureaucrats are usually responsible for these
allocation decisions, it is important to explore their incentives and preferences, so as
to understand what has prevented them from making efficient resource allocations.

Standard economic models often assume politicians and bureaucrats to be self-
interested. An extensive empirical literature has shown that policymakers’ choices
and behavior are highly driven by career concerns and rent-seeking incentives (Besley
and Case, 1995; Besley and Burgess, 2002; Padrd i Miquel, 2007; Burgess et al.,
2012; Shleifer and Vishny, 1993; Olken and Pande, 2012). However, policymakers
have concerns beyond self-interest. Originating from particular social groups (e.g.
race, ethnicity, hometown), they may also be intrinsically motivated by their social
group identities (Ashraf and Bandiera, 2018; Chen and Li, 2009; Bernhard et al.,
2006; Fisman et al., 2019; Shayo and Zussman, 2011).! 1In this study, I present
evidence that policymakers can indeed exhibit social preferences towards their own
group members, and that the in-group preferences can cause spatial misallocation of
resources and economic activities.

The context for this study is the Chinese industrial land market, in which city
governments sell land to firms for industrial activities.? As the statutory owners and
the only suppliers of land, city governments can determine the spatial allocation of
industrial activities by deciding where in their jurisdictions to supply the land (State
Council DRC, 2014). Since industrial activities in China are highly polluting, and in-
dustrial pollution produced in upstream areas is transported by rivers to downstream
areas and thus harm downstream residents, I hypothesize that city leaders may be less
willing to allocate industrial activities to areas upstream of their hometowns, should
they care more about the welfare of their hometown residents. For that purpose, they
may strategically supply less land for industrial activities to those areas.

To test this hypothesis, I collect detailed georeferenced data on each parcel of

industrial land supplied by city governments, and spatially match it to Chinese rivers

LA recent review article by Ashraf and Bandiera (2018) summarizes the evidence for social pref-
erences in the workplace. Chen and Li (2009) find laboratory evidence that individuals exhibit social
preferences even for those who share group identities induced by random assignment.

2As discussed later in the paper, it is the land use rights that are for sale. The government still
owns the land.



and city boundaries. My research design takes advantage of China’s unique city leader
appointment rules: city leaders are prohibited from serving in their home cities due
to the “Rule of Avoidance”, but are often appointed to jurisdictions proximate to
their home cities due to the lack of connections to other provinces.> Therefore, in
some leaders’ jurisdictions, some river segments flow towards their home cities, while
other river segments flow towards non-home cities. I focus on the areas surrounding
those river segments, and employ an estimation strategy to compare industrial land
supplied to areas upstream of leaders’ hometowns (which I refer to as “upstream
areas”) to similar areas upstream of non-hometowns (“control areas”), before and
after city leader turnover.* Conceptually, if a city leader exhibits preferences for the
residents of her hometown, we would expect to see less industrial land supplied to
upstream areas than to control areas while she is in office. Later, when the jurisdiction
city is governed by a new leader who is not from any of the downstream cities, all
areas will be treated equally and the previously observed differences are expected to
disappear. Exploiting variation across areas within the same jurisdiction city, and
time series variation induced by leader turnover, the estimation strategy is similar in
spirit to a difference-in-difference strategy.

Using georeferenced data on the supply of industrial land from 2004-2015, and
biographical data on city leaders in office during the same period, I find that areas
upstream of city leaders’ hometowns receive significantly less land for industrial ac-
tivities, at both the extensive and intensive margins. In my preferred specifications, I
find that being upstream of city leaders’ hometowns reduces the probability of receiv-
ing any industrial land in a given year by 5.8 percentage points. The estimated effect
is economically meaningful in magnitude, and corresponds to a 15 percent drop at the
sample mean. Conditional on receiving land, the annual quantity of land supplied
to upstream areas is also 25.5 percent lower. These results are robust to alterna-
tive measures of land supply, and to a hyperbolic sine transformation that captures
changes at both the extensive and intensive margins. The findings are consistent
with policymakers’ social preferences for own-group members, suggesting that they
are less inclined to allocate industrial activities to areas upstream of residents of their
hometowns, so as to protect them from industrial pollution.

I provide additional evidence in support of the above interpretation. In the het-

erogeneity analysis, I show that the estimated effects on land supply depend on the

3 Among the 927 city leaders appointed during the sample period, 65% had taken office in their
home provinces.

4Throughout the paper, hometown is defined as home city (prefecture), which is the level at
which the identifying variation is generated.



linguistic distance between leaders’ home cities and other cities in their vicinity. Re-
gions that speak unique languages or dialects tend to have been historically more
isolated by geography (Michalopoulos, 2012). They have had less interaction with
other regions, and have preserved more distinct cultural identities (Alesina et al.,
2003; Falck et al., 2012; Guiso et al., 2009). Therefore, people in these regions may
have stronger hometown identification. Consistent with prior studies that find in-
dividuals to be more biased towards their in-group counterparts when their group
identities are salient (Shayo and Zussman, 2011; Fisman et al., 2019; Hjort, 2014),
I find that city leaders tend to be more protective of their hometowns, and under-
supply industrial land by a larger amount when their hometowns are linguistically
distinct from nearby cities. In addition, the estimated effects are greater when lead-
ers’ hometowns are more populated, suggesting that leaders have stronger incentives
to misallocate industrial activities when more residents of their hometowns are likely
to be affected.’

Using water pollution data measured at monitor stations and an event-study ap-
proach, I demonstrate that industrial construction is indeed strongly associated with
increased river pollution. To do so, I spatially match each monitor station to each

industrial land parcel within its 20-kilometer radius.’

Using information on land
transaction years, I present evidence that industrial construction projects in upstream
areas significantly increase the pollution readings at the monitor stations. I also find
that industrial construction projects located downstream of the monitors have no
statistically significant effect on pollution readings, suggesting that the estimated
pollution effects of upstream construction are not driven by omitted confounders.
To probe the importance of alternative channels through which industrial activ-
ities may affect policymakers’ hometowns, I conduct a placebo test with a different
sample of areas. In the placebo sample, some of the areas are downstream of
city leaders’” hometowns, and others are downstream of non-hometowns. If the main
results are indeed driven by policymakers’ environmental concerns for their home

residents, there should not be any similar effects for areas downstream of leaders’

5These findings also suggest that the effects are unlikely to be driven by the interests of a narrowly-
defined, small group of families or friends. It bears mentioning that the economic benefits of reduced
pollution are minimal, from the perspective of each individual. For instance, an average US house-
hold is only willing to pay $78 to improve rivers from fishable to swimmable (Sigman, 2005), an
improvement that corresponds roughly to a one third decrease in major water pollutants (grade III
to II). Furthermore, river pollution tends to have a minimal effect on housing values. A recent study
by Keiser and Shapiro (2018) finds that a 4 percent increase in water quality in the US only leads
to a 0.025 percent increase in housing values near the river.

6This is consistent with the main analysis, where the unit of observation, area, is defined based
on a 20-kilometer radius around each river’s exit point from the jurisdiction.



hometowns, since pollution produced in downstream areas does not affect upstream
residents. By contrast, if city leaders allocate less industrial activities near their
hometowns for economic concerns, for instance to reduce competition for firms in
their hometowns, downstream areas should also receive less industrial land. The lack
of any effects in the placebo sample is consistent with the dominant role of pollution
concerns in driving the main results. An array of additional evidence has also been
provided to address several alternative explanations. Although it may be impossible
to fully rule out all other interpretations, the empirical findings, taken together, are
most consistent with policymakers’ intrinsic social preferences for residents of their
hometowns.

Given the large effects of leaders’ hometown preferences on the spatial allocation
of industrial land, it is natural to ask how allocative efficiency and local economic
welfare would be affected. To address this question, I examine the effect of hometown
preferences on land prices, using the strategy described earlier. I find that the prices
of newly-supplied industrial land are significantly higher in upstream areas than in
otherwise similar areas. This effect is not driven by different land compositions or
different sales methods. Rather, the higher prices in upstream areas are the result of
less supply. These findings suggest that under the current allocation scheme, there are
firms with higher willingness to pay for land in certain areas. A reallocation of land
from low-price to high-price areas would, therefore, increase total market surplus,
while holding the total supply and environmental costs constant. However, the city
governments are willing to forgo the additional surplus due to leaders’ hometown
preferences. Using the estimated effects on both supply and price, I estimate the lost
market surplus to be roughly 1.6 percent of the average land sale revenue for each
area. Using data on nighttime light intensity, I also find that having been upstream of
leaders’ hometowns over previous years reduces that area’s current economic activity.

This paper is related to the empirical work on in-group favoritism in resource
allocation settings. Existing studies in this literature have provided evidence that
politicians in power tend to distribute public goods in favor of their own-group mem-
bers (Pande, 2003; Cruz et al., 2017; Burgess et al., 2015; Do et al., 2017; Dreher
et al., 2019; Hoffman et al., 2017). In terms of interpretation, it could be that politi-
cians distribute more resources to their own group members because they truly care
about their welfare (Broockman, 2013; Do et al., 2017), or because they intend to
exchange resources for votes, political support, or economic benefit (Cruz et al., 2017;
Hodler and Raschky, 2014). The context of this study allows for a better distinction

of social preferences from self-interest as the underlying mechanism. It focuses on a



non-electoral regime and a context in which the in-group members are not governed
by the politicians under consideration. Therefore, politicians should not be concerned
about votes or political support. In addition, it focuses on policymakers’ environmen-
tal instead of economic concerns, which allows me to better rule out rent-extracting
explanations. Using data on linguistic distances, this work also provides new evidence
that in-group preferences are stronger when group identity is more salient.

Moreover, standard models of in-group favoritism predict resource misallocation,
to the extent that resources are not always allocated to those who value them the
most if policymakers trade efficiency for additional utility gains from favoring in-
group members (Fisman et al., 2017). As self-evident as it appears, due to the lack
of measures for efficiency, there is little direct evidence of misallocation as a result
of policymakers’ competing preferences. The context of this study differs in that the
resources (industrial land) are allocated through market mechanisms. The market-
determined prices reveal individuals” willingness to pay for resources, which in turn
allow me to provide evidence for, and measure the size of, misallocation costs.

Furthermore, causally identifying in-group preferences is challenging due to omit-
ted variables and reverse causality (Fisman et al., 2017). For instance, the social
groups of politicians in power might systematically differ from other groups. Social
groups that are more likely to have politicians in office may have different socioeco-
nomic characteristics and different resource demands. This confounds the interpreta-
tion of the empirical findings. Leveraging variations induced by unique and plausibly
exogenous city leader appointments in China, this study confronts endogeneity prob-
lems and provides additional quasi-experimental evidence for in-group preferences
among political elites.

This paper also speaks to a sizable body of research analyzing environmental
externalities at jurisdiction borders. Studies of this topic have provided evidence that
politicians tend to allocate more polluting activities near downstream borders so that
the pollution costs will be relegated to downstream neighbors (Sigman, 2002, 2005;
Lipscomb and Mobarak, 2016; Cai et al., 2016; Kahn et al., 2015). The present study
shows that policymakers indeed consider water pollution externalities at jurisdictional
borders when deciding on the spatial allocation of industrial activities. Moreover,
policymakers are more likely to internalize pollution externalities when the pollution
harms their in-group members. This paper also joins a small set of work that studies
the causes and consequences of friction in China’s primary land market (Cai et al.,
2013; Chen and Kung, 2018; Wang et al., 2016; Fei, 2019). It adds to this line of

inquiry by identifying policymakers’ in-group preferences as an additional source of



land misallocation.

This paper proceeds as follows. In the next section, I discuss the background
of the Chinese land market, hometown identity, and city leader appointments. In
Section 1.3, I outline a simple conceptual framework to guide the empirical analysis
and quantify the deadweight loss. Section 1.4 describes the data and the variable
construction. Section 1.5 reports the findings of the empirical analysis. Section 1.6

concludes.

1.2 Context

This section details the study context, focusing on key institutional features rel-
evant to this paper’s conceptual framework and identification strategy. It first de-
scribes China’s land market and its importance to local governments as a source of
revenue and as an instrument for interfering in local economies. It then documents
the pollution costs of China’s industrial development over recent decades, and en-
vironmental free riding at jurisdictional downstream borders. Finally, it discusses
the role of hometown identity in shaping individual and social outcomes, as well as

China’s unique city leader appointment system.

1.2.1 Determining the Spatial Allocation of Economic Activity via the
Land Supply

Land is a central input in industrial development and economic growth. Unlike in
the US and many other economies where most land ownership is private, land in China
is owned by the state or by the collectives. Under the Constitution of the People’s
Republic of China, it is the State Council (the Central government) that exercises
ownership rights over urban land on behalf of the state. It also allocates land use
rights to individuals and firms for private use.” In the 1980s, most land allocation
was conducted through executive orders or other non-market mechanisms. A series
of reforms that began in that decade, including an amendment to the Constitution

in 1988, have promoted market-oriented land allocation.® Furthermore, the Land

"Rural land is collectively owned by rural households and is allocated within a village or a
production team by village committees. In most cases, use rights to farmland are contracted to
individual households with tenures of up to 30 years (Central Document No. 11 of 1993). However,
the constitution and land laws also afford the government the power to acquire, convert, and supply
rural land for industrial or other non-agricultural uses (State Council DRC, 2014).

8The amendment clarified the separation of land use rights from land ownership rights and
legalized the transaction of land use rights through market mechanisms. Previously, Clause 4,
Article 10 of the 1982 Constitution had prohibited any form of land sale or lease (Zhu, 2004).



Management Law of 1989 granted local governments the exclusive power to sell land
(use rights) in their jurisdictions (State Council DRC, 2014).

The monopolistic power in land supply is crucial to local governance in China
for two reasons. First, it provides an instrument for local governments to interfere
in local economies. By determining where to supply the land, local governments di-
rectly affect the allocation of economic activity within their jurisdictions. Second,
revenues generated from land sales constitute a significant share of local government
income. This has especially been the case since the fiscal reform of 1994, which has
deprived local governments of a large share of tax revenues (Tao et al., 2010). To
compensate, the Central government has delegated administrative control rights over
state-owned land to local governments, and classified land sale revenue as “extra-
budgetary” revenue that does not need to be shared with the Central government.
These institutional arrangements incentivize local governments to seek revenues from
the land market, which spurred exponential growth in the urban land supply dur-
ing the early 2000s. From 1999 to 2013, the annual quantity of land sold by local
governments increased by a factor of 8.3, from 45,390 hectares to 374,804 hectares.
Meanwhile, annual government revenue from land sales increased from 51.4 billion to
4.4 trillion Chinese yuan, a factor of 85. The average share of land sale revenue in
total local government revenue was nearly 60 percent in 2009, and 70 percent in 2010
(Fang et al., 2016). Studies of Chinese political economy have found that govern-
ment revenues are positively correlated with the career advancement of local political
leaders. This is likely because higher government revenues signal higher aptitude for
local political leaders, and allows them to transfer economic benefits to upper-level
governments (Lii and Landry, 2014; Chen and Kung, 2016).

Ninety percent of the land parcels sold by local governments consist of former
agricultural land in peri-urban areas (State Council DRC, 2014). After compensating
farmers, local governments are allowed to convert the expropriated land into other use-
types, either industrial, commercial, or residential. The compensation paid to farmers
is low, only corresponding to a small fraction of their property’s market value (Wang
et al., 2016).° The inclination of local governments to oversupply led to a dramatic
drop in China’s total amount of farmland in the 1990s. In 1998, out of concerns for
food security, the Central government set a policy target of protecting a minimum

of 120 million hectares of farmland. To maintain that target, a land quota system

9According to the Land Management Law, the compensation must not exceed 30 times the
average annual value of products generated from the agricultural land over the three years before
the conversion.



was initiated in the same year to tie the hands of local governments. The quotas,
which cap the amount of each type of land that can be supplied by local governments
in a given period, are first assigned to each province by the Central government.
The provincial governments in turn allocate these quotas to their prefectural cities
(Yu and Shen, 2019). Given the benefits of land sales, it is not surprising that local
governments exhaust their quotas (Wang et al., 2016; Xie, 2015). Sometimes local
governments even conduct illegal land sales without the approval of the superior
government bodies.

A land parcel can be sold through either private negotiation or public bidding.
Before 2002, the vast majority of land was sold through private negotiations between
local governments and buyers. The lack of transparency in the transaction process
allowed local governments discretionary power to set prices, thus creating rent-seeking
opportunities from land transactions. In order to combat corruption, in 2002, the
Ministry of Land and Resources required land parcels that were zoned for commercial
or residential purposes to be transacted through open and competitive bidding or
auctions. In 2004, this requirement was expanded to land parcels for industrial uses.
While local governments continued using private negotiation as a sales method, after
2004, the vast majority of land was sold through open and competitive bidding or
auctions. From 2004-2015, over 80 percent of land sold by the government, in terms
of area, was transacted through public auctions, corresponding to nearly 95 percent of
the revenue generated from land sales.!® Furthermore, local governments are required
to disclose details about each land transaction on the Land Transaction Monitoring
System website, including the size of the parcel, transaction value, sales method,
location, use type, and buyer (firm) name, regardless of the method through which
the transaction is conducted. This is the main source of the land data used in this
paper.

Each land parcel can be sold for one of the following three use types — industrial,
commercial, or residential. For the research purposes of this paper, I focus on the
supply of industrial land. As is shown in Figure 1.2, the annual share of industrial land
in the total land supply remained over 50 percent from 2003-2017. The use-type for

each land parcel is determined and publicized on the Internet before the transaction,

10The prevailing competitive method of selling land is listing auction, which accounted for about
70 percent of the total amount of land transacted between 2004 and 2015. The other two competitive
sales methods are invited bidding and English auction, which accounted for 2 percent and 8 percent
of the total amount of land transacted during the same period, respectively. The listing auction is
a “two-stage” auction where potential buyers first compete through bidding in a given time window
(about 10 business days). If there is more than one active bidder at the end of the time window,
they compete in a standard English auction (Cai et al., 2013).



along with other details on the land parcel. Buyers must use the purchased land
in accordance with the specified use-type. For example, an industrial land parcel
cannot be used for commercial or residential purposes.!! Additionally, the contract
must specify the projects (i.e. structures, facilities) for which the purchased land
will be used. In order to prevent land speculation, firms and individual buyers are
prohibited from transferring the use rights to other parties before the specified project
is completed according to the contract (State Council DRC, 2014). The contract also
specifies the length of leasehold for each land parcel. The tenure is usually 50 years
for industrial land, 40 years for commercial land, and 70 years for residential land.
These leaseholds are renewable upon expiration. There are few cases in which local
governments can buy the land back before the expiration date.

The land laws do allow land transactions between private buyers, i.e. buyers who
have purchased land from the government can sell it to other buyers for the remaining
years of tenure. However, the secondary market remains thin due to government
restrictions on private land transfers. For instance, as discussed earlier, the buyers
have to specify the construction project for which the land parcel will be used, and
they are prohibited from transferring the land before they have completed the project
in accordance with the contract (State Council DRC, 2014). These restrictions have
reduced the transferability of industrial land between private buyers, since industrial
structures and fixtures sitting on the land have to be sold with the land.'? According
to data from the Land Monitoring System, during the sample period of 2004-2015,
industrial land transactions on the secondary market were only 5.3 percent of those

on the primary market.!3

1.2.2 Inter-Jurisdictional Water Pollution Spillover

This paper focuses on land supplied for industrial activities. Industrial activities
are the most significant source of water pollution in China, accounting for 40 percent
of the total amount of wastewater discharged from 2004 to 2015.* Since industrial

wastewater is more concentrated and toxic, the overall environmental damage caused

HIn a few situations, with government approval, and after paying the difference between the
original and the would-be price, buyers may change the use type of the land they have purchased
(State Council DRC, 2014).

12Gee Land Management Law, Interim Provisions on the Transfers of Urban Land Use Rights,
Urban Real Estate Management Law for more details on these restrictions.

13Residential land transactions are more frequent, accounting for 85 percent of all transactions
in the secondary market. Secondary transactions of industrial land, in contrast, only account for 3
percent.

14China Statistical Yearbook on the Environment 2017.
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by industrial activities exceeds that of agricultural and domestic sources (Cai et al.,
2016; Ebenstein, 2012).

Given the polluting effects of industrial activities and China’s rapid industrializa-
tion over the last three decades, it is not surprising that water pollution has become
a pressing social issue. Industrial wastewater dumping by manufacturing firms has
rendered the water of many rivers unfit for human consumption. According to a re-
port by the World Bank in 2006, over 70 percent of China’s monitored river segments
had water categorized as undrinkable during that year (World Bank, 2006). At the
same time, a large proportion of the country’s population, including 115 million rural
people, still rely on surface water as their main source of drinking water (Ebenstein,
2012). Therefore, industrial expansion in China has been associated with increased
public health burdens, infant mortality, diarrhea, and cancers of the digestive tract
(Ebenstein, 2012; He and Perloff, 2016). The media has frequently reported incidents
of contaminated water from industrial activities leading to cancer outbreaks in rural
villages.'> It has been reported that the cancer rates in villages along the Huai River,
a highly polluted waterway in Central China, are 50 percent higher than in the rest of
the country (The Worldcrunch, 2017).'¢ Total economic losses due to water pollution
are estimated to be around 150 billion Chinese yuan per year (Cai et al., 2016).

The enforcement of pollution controls and environmental regulations is decentral-
ized to local governments, who are aware of the huge costs of industrial pollution.
However, since local governments rely on industrial firms to generate revenue, they
lack the incentive to comply with regulatory efforts.!” Rather, local governments are
inclined to environmentally free ride on their downstream neighbors by allocating
a disproportionate amount of industrial activity to their jurisdictions’ downstream
borders (Cai et al., 2013; Kahn et al., 2015). In this way, local governments can
shirk the effects of water pollution to downstream jurisdictions. It has been shown
that areas with little industrial activity of their own, but that are downstream of
major industrial zones, also suffer from water quality degradation (Ebenstein, 2012;
Economy, 2010). As a result, there have been a myriad of pollution-related disputes

between upstream and downstream jurisdictions (Kahn et al., 2015).!® These free-

5David McKenzie, “In China, ‘cancer villages’ a reality of life,” CNN (May 29, 2013),
https://www.cnn.com/china-cancer-villages/index; “China acknowledges cancer villages,” BBC
(February 22, 2013), https://www.bbc.com/news/china-cancer-villages.

16 Julie Zaugg, “China’s Polluted Rivers Yield Cancer Villages,” Worldcrunch (August 23, 2017),
https://www.worlderunch.com/china-polluted-river.

1"The enforcement of environmental regulations is delegated to the local Bureau of Environmental
Protection.

18China is not alone in having inter-jurisdictional conflicts over water use and management. Dis-
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riding problems have become even more frequent since the Central government has
increased efforts to improve water quality and tied local officials’ career advancement
to pollution reduction and environmental performance (Cai et al., 2016; He et al.,
2018). When environmental protection, including water quality, has been a criterion
for assessing and promoting local officials, the officials have become more incentivized
to conduct strategic allocation of polluting activities in order to free ride on neigh-
boring jurisdictions.

In light of the above discussion, this paper focuses on the allocation of industrial
activities at a city’s most downstream borders. Because the spatial allocation of
industrial land determines where in their jurisdiction industrial plants and facilities
can be located, and who the industrial pollution will affect, there may be less land

allocated to areas where pollution harms city leaders’ hometowns.

1.2.3 Hometown Identity and China’s Unique City Leader Assignment

Process

Like many other countries, hometown identify is salient social group identity used
for individual identification in China. In this paper, I define hometown as an indi-
vidual’s city (prefecture) of birth. Because China’s Household Registration System
(hukou) prohibited internal migration across cities until the late 1980s, an individual’s
birth city, in most cases, was also the place where she grew up, and the patrilineal
hometown where her father and grandfather had lived their entire lives.!®

In a diverse environment, individuals from the same regions are likely to congre-
gate and bond. They speak common dialects, share similar norms and values, and feel
psychologically proximate to each other (Wang, 2016). For instance, ethnic Chinese
communities abroad often preserve their Chinese cultural identity centered on shared
hometown roots (Douw et al., 1999). It has also been documented, both academ-
ically and anecdotally, that, individuals in high places tend to provide preferential
treatment to those who share their hometowns. For instance, it has been shown that
sharing hometown identity with superiors assists subordinates with career advance-
ment in Chinese bureaucracy (Shih et al., 2012; Opper and Brehm, 2007), military
(Wang, 2016), and academia (Fisman et al., 2018; Li, 2018). This evidence suggests

putes and conflicts are common in many other countries. See Lipscomb and Mobarak (2016) for
examples.

19China’s hukou system has a history of over 2000 years, during which it has been used to monitor
population flows. Individuals are required to register at their place of birth. Their access to public
goods, including eligibility for public jobs, education, and social security benefits, is tied to their
places of registration. See Chan and Zhang (1999) and Kinnan et al. (2018) for details on China’s
hukou system.
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that hometown identities are indeed meaningful to individuals, and play an important
role in shaping individuals’ behavior. This evidence may imply individuals’ intrinsic
social preferences for those with shared hometown identities. Preferential treatment
can also be provided in exchange for bribes or future returns from trusted in-group
members.

The leaders of local governments in China are appointed by upper-level govern-
ment officials. Under China’s single-party regime, there is little distinction between
bureaucrats and politicians. Most government positions, especially those of leaders,
must be filled by members of the Chinese Communist Party.?’ Leaders who are as-
signed to their hometowns may prioritize local interests over national interests (Xu
et al., 2018). They are also more likely to be “captured” by local elites (Persson and
Zhuravskaya, 2016). In order to reduce the opportunities for corruption and nepo-
tism in Chinese politics and bureaucracy, in the late 1990s, the Central Committee
of the Chinese Communist Party and the State Council introduced a so-called “rule
of avoidance” policy to regulate the appointment of local leaders.?! This policy pro-
hibits native politicians and officials from filling the highest positions in city Party
committees and city governments.??

Meanwhile, most city leaders begin their careers in their home provinces and
remain there most of their careers. Due to the lack of connections to other provinces
or the Central government, most city leaders are selected from, and appointed within,
their home provinces. For instance, among the 927 city leaders appointed from 2004-
2015 in my sample, 65 percent had been allocated within the their home provinces.??
This has given rise to the 20 percent of leaders who happen to govern a jurisdiction
city with river segments flowing towards their home cities. Allocation of industrial
activities close to these rivers will increase pollution and deteriorate water quality for
residents of leaders’” hometowns, and thus negatively affect their welfare. Industrial
activities allocated close to other river segments within the same jurisdiction, however,
will not have such effects. China’s rich river networks provide geological variation

across different areas within the same city. In addition, each city leader is in office for

20This is similar to the Vietnamese context described in Do et al. (2017).

21The rule has been codified by the 2002 “Regulations on the Selection and Appointment of
Leading Party and Government Cadres”, and the 2006 “Interim Provisions on the Offices for Party
Leaders and Government Cadres to Avoid”.

22 A similar rule was adopted in Imperial China, which prevented district magistrates from serving
in their home districts (Ebrey and Smith, 2016; Xu et al., 2018).

23 A small fraction of appointments (4.2 percent) violate the rule of avoidance, where city leaders
are native to their jurisdictions. Many of these “defiers” come from ethnic minority cities (i.e.,
autonomous prefectures), which enjoy more discretion over political appointments. I return to this
issue in Section 1.5.
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only 4 years on average. The high city leader turnover induces time-series variation
that allows comparison of the same area across years. Since the appointment is
made by either the provincial or the Central government, and city leaders themselves
have little discretionary power over where they are assigned. Therefore, self-selection
concerns are minimal. I return to this point in Section 1.5 and provide evidence that

city leader appointments are conditionally exogenous.

1.3 Conceptual Framework

Based on the institutional features discussed above, I outline a simple framework
to conceptualize the potential effect of policymakers’ hometown preferences on the
supply and prices of industrial land in different areas of a jurisdiction city.

Consider a city that consists of 1 + /N areas, where area 0 is upstream of the city
leader’s hometown (i.e. an upstream area), and areas j = 1,2, ..., N are upstream of
non-hometowns (i.e. control areas) in a given year ¢t. Each area is a distinct market
for industrial land. In each year, new business opportunities emerge at random in
each area j and determine the demand for land in that area.?* The inverse demand
function for industrial land in area j and year ¢ is given by Pj; = a;: —Qj¢, where aj; is
firms’ highest willingness to pay for one unit of land in area j and year ¢, and follows
a normal distribution aj; ~ N (a;,0?). In other words, the model assumes that firms
are willing to pay higher prices for land in some areas because they expect higher
rates of return on industrial investment from those areas. In this regard, upstream
areas are similar to control areas on average. ();; denotes the quantity of new land
sold by the city government in area j and year t. @ is weakly positive since the
government can not retake the land in the short term.

The city government is the monopolistic supplier of land in the jurisdiction, and
the leader is the decision maker who cares about both land sale revenues in her
jurisdiction, and the welfare of residents in her hometown. The marginal (social)
cost of land is constant and denoted by ¢, which could be the sum of financial and
environmental costs associated with each unit of land developed. Increased industrial
pollution for home residents leads to a loss of utility for the city leader. An additional
unit of land supplied for industrial activities to the upstream area causes a disutility
of u for the leader. The leader chooses the quantity of land to be supplied to each
area in each year to maximize the following objective function. The total quantity

of land supplied in a given year is subject to a quota, L;, set by the provincial or

24Land input is assumed to be necessary for capitalizing on new investment opportunities.
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Central government.

N

N
max Z(ajt — Qjt) X Qjt — pQot — CZth
{Qj¢} =0 =0

N
s.t. Z th = Lt
=0

This model is static for two reasons. First, the average term of a city leader is less
than four years. Therefore, she is unlikely to consider the long-term consequences of
land sales when making supply decisions.?> Second, as discussed earlier, the secondary
market for industrial land is thin, equaling only 5 percent of the transactions in the
primary market. Thus, prices of the newly supplied land do not rely on past supplies.
Hereafter, the subscript ¢ is omitted for clarity. The Lagrange equation for the leader’s
maximization problem can be expressed as follows, where A represents the shadow

value of industrial land.

N

L= (a;=Q;—)Q; — Qo — AL~ Q)

=0 =0

An immediate prediction of this model is that the supply of industrial land is equal
across all areas when the leader is not from any downstream cities, i.e. no upstream
areas (= 0). This is because demand is downward sloping and an equal supply for
similar areas will allow the government to sell to firms with the highest willingness to
pay and thus maximize the revenue. When some areas become upstream of leaders’
hometowns (x> 0), the model predicts a decrease in land supply to those areas
and an increase in supply to other areas (control areas). In this case, leaders trade
off revenue for additional utility from favoring people in their hometowns. Since
the allocation of industrial activities to areas upstream of hometowns incurs utility
costs to the leaders, they are less willing to do so. Thus, they strategically allocate
industrial activities to other areas in their jurisdictions.

Due to these supply changes, land prices are expected to fall in upstream areas
and rise in control areas, leading to an allocative inefficiency. Misallocation arises to
the extent that land is not always allocated to those who value it the most. Since
land prices are higher in some areas than others, there are firms who are willing to

pay more for land in those locations. This is likely because the firms find it more

ZIncreased supply of industrial land will increase future tax revenue (Tao et al., 2010). However,
adding tax revenues to the objective function does not qualitatively alter the predictions.
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profitable to operate there. However, due to the undersupply, the firms have to forgo
their preferred land, leading to a loss of productivity and/or profit. From the city
government’s perspective, this can create larger market surplus and generate larger
revenues if it supplies more to high-priced areas and less to low-priced areas, while
holding the total supply constant. However, the governments forgo additional market
surplus so as to favor leaders’ hometowns. In later analysis, I develop an estimation
strategy to identify the supply and price differentials between upstream and control
areas. These estimates, in turn, allow for the quantification of the lost surplus in the

industrial land market due to leaders’ hometown preferences.

1.4 Data

To evaluate the effects of hometown bias on the industrial land market and in-
vestigate potential mechanisms, I assemble a comprehensive dataset from a variety
of sources. This dataset contains information on land supply, city leaders, river net-
works, water pollution, and geographic, climatic, and economic characteristics at

granular levels.

Land Supply

I collected data on each parcel of land supplied in the primary market from 2004—
2015 by scraping the Land Transaction Monitoring System website.? Local govern-
ments are required to publicize details about each land transaction they conduct.
Figure 1.5 presents an example of the transaction record obtained from the system.
The transaction records include information on the size of the parcel, transaction
value, sales method (i.e. whether the land was sold through negotiation or public
bidding), use-type, quality grade evaluated based on the landscape and access to in-
frastructure and markets, transaction date, name and industry of the buyer (firm),
the construction project for which the purchased land will be used, and the start
date and completion date for construction. Of note, the transaction records contain
detailed text based addresses of the land parcels, which enables me to obtain their
geographic coordinates. I geocode all land parcels using Baidu Map’s Application
Programming Interface, the Chinese equivalent of Google Maps.?”

The original data contain 1.23 million land transaction records.?® 33 percent of the

26http://www.landchina.com

2Thttp://Ibsyun.baidu.com/products/map

280.43 million land parcels are appropriated by the government for public, military, or other special
uses. These parcels are not included in the sample.
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parcels are sold for industrial projects, 48 percent for commercial use, and 19 percent
for residential use. I first drop a small fraction of parcels (4.4 percent) for which the
size, price, and/or location are missing. To account for abnormal values likely due to
data entry error, I then trim the data by winsorizing the price and size at the .5'"" and
99.5'" percentile, separately for each use-type.?® The average price of industrial land
is 199 yuan per square meter, lower than that of residential and commercial land (960
and 1,515 yuan per square meter, respectively). The average size of industrial land
parcels is 3.6 hectares, larger than that of residential and commercial land parcels
(1.4 and 1.5 hectares, respectively). 74.8 percent of the industrial land parcels are
sold through public bidding. These parcels account for 79.8 percent of the supply in

terms of size, and 86.9 percent in terms of transaction value.

River Networks

I spatially match the georeferenced data on land supply with data on Chinese
rivers and city boundaries. Data on China’s river network come from the Ministry
of Water Resources. I focus on over 800 named rivers that cross prefectural cities’
borders. Data on city boundaries are obtained from the China Data Center at the
University of Michigan. In addition, elevation data are used to identify the direction
of water flow. The original elevation data from the Shuttle Radar Topography Mission
(SRTM) have a series of anomalies that may cause errors in hydrological applications
(Lehner et al., 2008). Therefore, I use the hydrologically conditioned elevation data
provided by the HydroSHEDS Project.?® This elevation data is available at 3 arc-
second resolution (approximately 90 meters).

Local governments are sensitized to water pollution spillover, and are inclined
to allocate disproportionately more polluting activities near downstream borders to
relegate the costs of pollution to their neighbors (Cai et al., 2013; Lipscomb and
Mobarak, 2016; Kahn et al., 2015). For this reason, this study focuses on the allo-
cation of industrial land among the most downstream areas within each city. I use
GIS modelling to identify each river’s exit point from a city, and define a semi-circle
based on a 20-kilometer radius around each exit point. These areas are illustrated in
Figure 1.1. By design, the defined areas are similar to each other in terms of size,
and hydrological and geographical conditions. They constitute the units of analysis
in this study. River segments shared by cities as boundaries are excluded.

I overlay the geocoded land parcels on city and river maps and only keep those

29The empirical results in this study are not sensitive to the trim, however.
30https:/ /hydrosheds.cr.usgs.gov/
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parcels that lie within the sample areas. There are a total of 95,170 parcels of indus-
trial land located within the sample areas. For each area, I use the spatially matched
land parcels to compute the total number, total size (in hectares), and average price
of land supplied in a given year. These variables are the key outcomes of interest.
Summary statistics on land outcomes, at both the parcel and area levels, are reported

in Panels A and B of Table 1.1, respectively.

Biographical Data

Biographical data on city leaders (i.e. party secretaries) are manually collected
from several sources. First, I compiled a list of city party secretaries in office dur-
ing the sample period, based on provincial and city yearbooks, government websites,
and publications of the provincial Organization Departments. I then collected bio-
graphical information on each party secretary through a combination of yearbooks
and listings on Baidu Baike (China’s Wikipedia). These sources are supplemented by
name searches via Baidu (China’s Google), and existing databases of Chinese political
elites, including the China Vitae database maintained by the Carnegie Endowment
for International Peace, and the Political Elites of the Communist Party of China
database maintained by National Chengchi University in Taiwan. I collect informa-
tion on each leader’s basic demographics (gender, ethnicity, birth year, city of birth),
educational background, and career trajectory. Wherever possible, this information
is cross-checked.

In total, I collected biographical data on 1,306 leaders who had served in 305
prefectural cities from 1998-2015. Summary statistics for the sample of city leaders
are reported in Panel C of Table 1.1. Females are underrepresented in Chinese city
leadership; during the sample period, 96 percent of the city leaders were male. 91
percent were ethnic Han, and 60 percent had master’s degrees or above. On average,
they were first appointed as city leaders at the age of around 50, with about 26 years
of tenure in the Communist Party. Each leader had served, on average, in 1.16 cities
between 1998 and 2015. Each term in office lasted for about 4 years. For the main
analysis, I use data on 977 city leaders in office between 2004 and 2015. Data from
1998-2013 are used for the analysis of nighttime light intensity.

Water Pollution

Data on water pollution measured at 499 monitoring stations are obtained from
the China Environmental Yearbooks published between 2004 and 2010. The monitor-
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ing stations are located in 10 of China’s major river basins, and they report 7 water
pollutant indicators—chemical oxygen demand (COD), biochemical oxygen demand
(BOD), ammonia nitrogen (NH), petroleum, phenol, mercury, and lead. Each of these
water pollutants can travel reasonably far downstream and cause significant spillover
effects (Kahn et al., 2015). The number of monitoring stations varied slightly from
year to year in the data, resulting in an unbalanced panel of 3,391 individual obser-
vations. Summary statistics on water pollution readings are reported in Panel D of
Table 1.1.

Nighttime Light Intensity

Data on nighttime light intensity comes from the Defense Meteorological Satellite
Program (DMSP). These data are constructed as annual averages of daily satellite
images of the earth taken between 20:30 and 22:00 local time. This data is available
at a 30 arc-second resolution (approximately 1 ka). The raw data on nighttime light
intensity for each pixel ranges from 0 to 63. I use data from 1998-2013, and average
over pixels within each defined area and year. Because the distribution of the average
nighttime light intensity is right-skewed, and some observations have no reported
nighttime light, I follow previous studies in using the logarithm of average nighttime
light intensity plus .01 as a proxy for economic activity (Hodler and Raschky, 2014;
Michalopoulos and Papaioannou, 2013, 2014).

Controls, Placebo Outcomes, and Mediator Variables

Climate Data. The georeferenced data on rainfall and temperature are taken from
the standard Willmott and Matsuura series available at the University of Delaware.
The raw data are measured at a 0.5 by 0.5 degree grid level (approximately 1 km?),
where the grid nodes are centered on the 0.25 degree. I merge the climate data to my
sample areas by taking the average over grid points within each area. For each area,
I then use the monthly data to calculate the annual averages and standard deviations

of both rainfall and temperature.

Dialect Data. I use linguistic distances to measure the extent to which a leader’s
home city is culturally distinct from its nearby cities. Data on linguistic distances
between two given Chinese cities are drawn from Liu et al. (2015). This measure
ranges from 0 to 3, where 0 indicates that the two cities speak the same dialect.

I calculate the linguistic distance between a city and its nearby cities by taking a
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simple average of the distances between that city and each of its nearby cities. Doing

so ensures that no city has an average linguistic distance equal to 0.

Economic Data. Additional socioeconomic data, including data on population,
GDP, and education are obtained from the Chinese Prefectural City Statistical Year-
books and the 2000 wave of the Chinese Population Census. To account for the
proliferation of the national highway system during the sample period (Cai et al.,
2013), I calculate the distance between each sample area and the nearest highway
using maps of national highways. To measure the stringency of environmental reg-
ulations, I collect data on emission fees paid by firms from the 2004 Annual Survey
of Industrial Firms (ASIF). This survey also contains address information for sam-
pled firms. I geocode these firms and match them to my sample areas following the

procedures described earlier.

1.5 Empirical Analysis

1.5.1 Model Specification

I begin by examining how city leaders’ hometown preferences affect industrial land
allocation across different areas within their jurisdictions. As illustrated in Figure 1.1,
my estimation strategy compares the quantity of industrial land supplied to areas
upstream of city leaders’ hometowns (upstream areas) with that supplied to areas
within the same city but upstream of non-hometowns (control areas). Conceptually, if
city leaders care about the environmental welfare and public health of people in their
hometowns more than people elsewhere, there will be less industrial land supplied
to upstream areas than to control areas. Due to city leader turnover, I can also
compare the same area in years when it is upstream to years when it is control. The

identification can be formalized by the following specification:

}/;jt =+ ﬁ X UpHomeijt + v X Xijt + )\Z + Hijt + €ijt (11)

Yi;: is the total supply of industrial land to area ¢ of city j in year £. I explore the
extensive and intensive margins to examine how leaders’ hometown preferences affect
the probability that an area will receive industrial land, and conditional on receiving
land, how they affect the amount allocated. Therefore, Y;j;; can be a dummy equal to
one if there is any supply, or the (log) total amount of supply, in area i and year ¢.
As detailed in Section 1.4, the unit of analysis, area, is defined based on a radius

of 20 kilometers around each river’s exit point from the jurisdiction city (Figure 1.1).
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I focus on areas around rivers’ exit points out of the city for two reasons. First, these
areas are comparable in terms of geographical, hydrological, and other characteristics.
For instance, by design, the defined areas are of similar size, are close to borders,
and contain a river segment. The key difference is that some areas contain a river
that flows downstream to city leaders’ hometowns, while others contain a river that
flows elsewhere — thus pollution produced there is less harmful to residents of the
city leaders’ hometowns. The comparison between geographically and hydrologically
similar areas will attenuate concerns over varying trends across areas.

Second, a large body of research in environmental economics has found that wa-
ter pollution increases as a river flows towards a jurisdiction’s exit point, primarily
because local governments allocate disproportionately more production and pollut-
ing activities near river’s downstream exit point, so that the pollution costs will be
relegated to downstream neighbors (Lipscomb and Mobarak, 2016; Cai et al., 2016;
Kahn et al., 2015; Sigman, 2005).3! These studies suggest that policymakers indeed
consider water pollution externalities across downstream borders when making lo-
cational choices for polluting activities. My focus on the downstream border areas
will therefore, facilitate testing for policymakers’ environmental concerns for their
hometowns, should there be any.

The key explanatory variable, UpHome, ;,, takes the value of 1 if area ¢ is upstream

ijto
of the hometown of the leader of city ¢ in year t, and 0 otherwise. An area that is
upstream of the city leader’s hometown, i.e. an upstream area, is defined as an area
that contains a river that flows to the leader’s home city. In my main analysis, in
order to maximize the number of “switchers” that experience changes in upstream
indicators, I do not require the upstream area to be adjacent to the leader’s hometown.
However, the results are largely unaffected when an upstream area is required to be
immediately upstream of leaders’ hometowns (Table 1.24).

All regression models include area fixed effects, A;, to absorb any time-invariant
determinants of land outcomes in each area. I further control for city x year fixed
effects, ¢, to account for time-variant shocks common to all areas in the same city.
With the inclusion of the city x year fixed effects, the identification will come ex-

clusively from variation across areas within the same city and year. In a subset of

31Sigman (2005) shows that the decentralization of environmental authority to a US state is
followed by 4 percent water quality degradation in the downstream state. Lipscomb and Mobarak
(2016) provide evidence that county governments in Brazil allow more settlements to develop close
to rivers in the downstream portions of counties. Cai et al. (2013) find that provincial governments
in China allocate 20 percent more water polluting activities to the most downstream counties in
response to the pollution reduction mandates imposed by the Central government in 2001.
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specifications, I control for other time-varying characteristics at the area level, includ-
ing weather shocks (averages of and standard deviations in rainfall and temperature),
access to highways, and cumulative supply of land up to the previous year. Standard
errors are all clustered at the area level. In additional analysis, I also show that the
results are robust to alternative clustering strategies, including clustering at the city

level and two-way clustering by city and year (Table 1.25).

Validity of Identification Strategy

The identifying assumption of the estimation strategy is that city leader assign-
ment is conditionally exogenous. In particular, leaders who are assigned to jurisdic-
tions upstream of their hometowns, i.e., those who manage river segments flowing
towards their hometowns, should not systematically differ from the others. For in-
stance, if those who are assigned upstream tend to have stronger hometown prefer-
ences (due to self-selection), the estimated effects will be overstated. Furthermore,
if their hometowns are more populous, or have residents who are more vulnerable to
water pollution, they will allocate less polluting activities to areas upstream of their
hometowns, even if they care about each downstream resident equally.

The conditional exogeneity assumption is likely to be satisfied for several reasons.
The appointments are determined by either the provincial or the Central government.
This is a process during which city leaders have little discretion or bargaining power.
Moreover, the appointment of a politician to a city also depends on a multitude of
random factors, such as whether a position in that city is vacant, or whether the
politician has network connections to other politicians in that city. Therefore, those
who happened to be assigned to cities upstream of their hometowns may not be sys-
tematically different from those who are not. To validate this identifying assumption,
I conduct balance checks on a large set of city leaders’ personal and hometown charac-
teristics measured in the year of appointment. The results are presented in Table 1.12.
During the sample period of the main analysis, there were a total 927 appointments,
of which 189 (20.3%) were placed upstream of their hometowns.?* Each coefficient in
the table represents the difference in a balance variable between these city leaders and
the others. The estimated differences and corresponding p-values, with and without
year of appointment fixed effects, are reported in Columns 1 and 2, respectively.

Overall, there is no evidence that city leader appointments hinge on the up- and

down-stream relationships between leaders’ jurisdictions and their hometowns. Those

32There are a total of 977 city party secretaries in my sample. Some of the appointments were
made before the sample period.
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who are placed upstream of their hometowns appear similar to those who are not, in
terms of demographics (age, gender, ethnicity), education, political seniority (years of
tenure in the Party, political rank, work experience). Their hometowns do not differ

in terms of economic performance, population, or industrial structure.

1.5.2 Main Results

Table 1.3 presents the regression results from Equation 1.1. Column 1 explores the
extensive margin to examine how leaders’ hometown preferences affect the probability
that an area will be allocated any industrial land. Consistent with the model pre-
dictions, the estimated coefficient suggests that compared to similar control areas of
the city, areas upstream of leaders’ hometowns are on average, 5.9 percentage points
less likely to receive industrial land. This corresponds to a 15.5% change at the mean
probability. In Column 2, I use the log total quantity of supply measured in hectares
to explore the intensive margin effects of hometown preferences on land supply. Due
to the log transformation, this variable is defined only for areas where there is a pos-
itive supply in a given year. The point estimates show that being upstream of the
city leader’s hometown decreases the quantity of industrial land supplied to an area

~029 _ 1), Both coefficients are statistically significant at

by roughly 25.5 percent (e
the 5% level.

In order to have a dependent variable that captures changes in land supply at both
the extensive and intensive margins, I transform annual quantity of land supplied to
each area using the inverse hyperbolic sine function. This allows me to include zeros
for areas that do not receive any land.?3. Given the significant and negative effects
presented in Columns 1 and 2, it is unsurprising that the coefficient in Column 3 is
large and has a negative sign, with a p-value below 0.01. The point estimate related
to an alternative measure of supply — the total number of land parcels supplied to
each area — is consistently negative and statistically different from zero (Column 4).3

Panel B of Table 1.3 presents corresponding estimates from Equation 1.1 after
including an additional set of controls. To account for extreme weather shocks that
may (directly or indirectly) have influenced local demand for land, I add the annual

rainfall and temperature levels, as well as their monthly standard deviations, to each

regression.®® During the sample period, China experienced a drastic expansion in

Bsine™ (yij¢) = In(yije + (1 +y4,)"?)

34The results are also robust when using levels (total size, total number of land parcels), instead
of inverse hyperbolic sine transformation, as the dependent variables.

35For instance, weather shocks may affect agricultural income, which in turn, affects local demand
for industrial goods. They could also affect labor costs and firm productivity due to changes in
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transportation infrastructure. To account for the changing access to transportation
infrastructure, I include log distance to the nearest highway as a control variable. The
results reported in Panel B show that the former results are robust when these controls
are included. All estimates are in the same direction, and are of size and significance
similar to those of the former estimates. I then conduct several robustness checks to

test the sensitivity of these main results to the changing sample and specification.

Alternative radii: In the main analysis, I focus on areas defined based on a 20-
kilometer radius from each river’s exit point out of the jurisdiction city. Though
the results do not hinge on this choice, I do realize there is a trade-off in choosing
the radius. Industrial activities allocated closer to rivers and downstream borders
are likely to have larger spillover effects on, and be more harmful to downstream
residents. Therefore, using a shorter radius and focusing on smaller areas near the
downstream border may produce larger estimated effects. At the same time, since the
main outcomes are aggregated at the area level, and smaller areas will contain less
parcels of land, a shorter radius may increase sampling errors and reduce statistical
power. In Table 1.4, I show that the main results are robust to radii between 15
and 25 kilometers. In unreported analyses, the statistical significance of the results

declines beyond this range.

The exclusion of native city leaders: According to the Rule of Avoidance, city
leaders (i.e. party secretaries), cannot be native politicians (Regulations on the Se-
lection and Appointment of Leading Party and Government Cadres, 2002; Interim
Provisions on the Offices for Party Leaders and Government Cadres to Avoid, 2006).3
Nonetheless, 4.2% of the city leaders appointed during the sample period were natives
of their jurisdictions.?” Having these “defiers” in our sample should not affect the
results, since the estimation strategy exploits the variation across areas within the
same city. Under my definition, all areas of the city governed by a native leader are
NOT upstream of leaders’” hometowns. Since there is no reason to expect the native
leader would treat these areas in systematically different ways, the estimated effects
should not be biased. The regression results in Table 1.14 confirm this conjecture.

Estimates remain largely unaffected after excluding these “defiers” from the sample.

rural-to-urban migration (Imbert et al., 2018).

36 Dangzheng Ganbu Xuanba Renyong Gongzuo Tiaoli (2002); Dangzheng Lingdao Ganbu Renzhi
Huibi Zanzing Guiding (2006).

3TMany of these “defiers” are from ethnic minority cities (or autonomous prefectures), which enjoy
more discretionary power over political appointments.
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Allowing for dynamic effects: In the conceptual framework, I consider a static
setting where the supply decision in the current period does not affect land demand
in future periods. I make this assumption since city leaders in the sample, on average,
remain in office for less than 4 years. Thus, they might not consider the potential
long-term effects of the current land supply when making these decisions. However,
from the identification point of view, the dynamic effects of current supply on future
demand might bias the estimates. If less supply in the past increases demand in the
current period since there is less competition, the estimates will be biased upward.
Conversely, if existing industrial activities have positive spillover effects on new ones,
less supply in the past will induce less demand in the current period, and the estimates
will be biased downward. In Table 1.5, I account for the potential effect of past
supply by adding a cubic polynomial in cumulative land supply to each area up
to the previous year (t — 1). After the inclusion of controls for past-supply, the
estimated effects become slightly smaller in magnitude, but are sizable enough and
remain statistically significant at conventional levels. This suggests that the overall
effects of past supply are unlikely to significantly bias the estimates. In Table 1.15,
I include two lags for the key explanatory variable, UpHome, to account for the
plausible influence of past leaders on current policymaking. Neither the magnitude

nor the significance of the estimated parameters change markedly.

1.5.3 Mechanism Analysis

Iinterpret the main results as evidence for in-group preferences among Chinese city
leaders. The findings suggest that they can be motivated by environmental concerns
for their hometowns when they are spatially allocating industrial activities. In the

following analysis, I provide empirical evidence in support of this interpretation.

1.5.3.1 Do Industrial Activities Increase Water Pollution?

I first demonstrate that there are indeed strong water pollution spillover effects
associated with industrial activities, using water pollution data measured at monitor
stations. The monitor stations are located along major Chinese rivers and report
water pollution readings for each year between 2004-2010. I spatially match each
monitor station to each parcel of industrial land within 20 kilometers. For each land
parcel, I have collected information on the year in which it was sold for industrial
construction, and whether it is upstream or downstream of the linked monitoring

station. I then estimate the following specification to identify the changes in water
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pollution following the land sales.
POlet = ﬂlUle X POSTlt —|— BQDOWNlm X POSTlt "’ Mlm + )\(b)t + €lmt (12)

The unit of observation is the land parcel-monitor-year. The dependent variable,
POLy,., is water pollution measured in year ¢, at monitor station m which is linked
to a nearby land parcel [. UPy,, is a dummy that equals 1 if land parcel [ is upstream
of its linked monitor station m. Conversely, DOWN,,, is a dummy that equals 1 if
land parcel [ is downstream of the linked monitor. POST}; is a post-event dummy
that takes the value 1 if land parcel [ was sold in or before year t. The model controls
for year fixed effects and land parcel-monitor pair fixed effects, which absorb the main
effects of the UP;,, and DOWN,,,, dummies. In order to account for different trends
in water pollution across river basins, year fixed effects are allowed to vary by river
basin.?® Because rivers transport pollutants from upstream to downstream areas, I
expect (1 to be positive and 5 to be zero. The standard errors are two-way clustered
by monitor and land parcel.

Table 1.6 presents the regression results from Equation 1.2. In Column 1, I follow
the literature in environmental economics and use the COD level (chemical oxygen
demand) as the measure of water pollution. COD is the amount of oxygen required to
break down the oxidizable chemicals and microorganisms contained in a unit amount
of surface water. This is relevant for a variety of pollutants in industrial waste (He
et al., 2018; Kahn et al., 2015; Zhang et al., 2018). A higher level of this measure
indicates more water pollution. Consistent with my assumption, the estimates show
a strong positive association between COD levels and the expansion of industrial
activities in upstream areas. In particular, COD levels increased by an average of 0.5
mg/L following the sale of industrial land parcels within 20 kilometers upstream of
the monitor station, corresponding to an 8.5 percent increase at the sample mean.

The estimated pollution spillovers are sizeable. The results indicate that every 10
additional industrial projects allocated upstream of the monitor station will increase
pollution readings at the monitor station by 5 percent at the sample mean. Do et al.
(2018) estimate that a 10 percent rise in river pollution increases infant mortality

rate by 4 per 1,000 in India. Sigman (2005) estimates that a 4 percent decrease in

38This specification is similar to that in Currie et al. (2015), which estimates the effect of industrial
plant openings on air quality.

39Environmental standards and the stringency of environmental regulations may vary across river
basins. Some pollution control programs (e.g., the “Three Rivers and Three Lakes” regulatory
program) have only been implemented in certain river basins. This may lead to varying water
quality trends across basins (Wang et al., 2018).
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water quality had an annual cost of $17 million (in 1983 dollars) in the U.S. Ebenstein
(2012) finds that a 9.7 percent increase in digestive cancer death rates is the result
of one-grade deterioration in water quality (on a six-grade scale) in China. Each of
these estimates suggests that industrial development imposes immense economic and
health effects on downstream residents.

Because industrial pollution produced downstream of monitor stations will not
contribute to monitor readings, I find no statistically discernible effects for down-
stream construction projects. These results also suggest that the estimated pollution
effects of upstream construction projects are not driven by omitted confounders. Ta-
ble 1.17 reports the results of robustness checks for alternative pollutant measures,
including BOD (biological oxygen demand), NH (ammonia nitrogen), petroleum, phe-
nol, mercury, and lead. For ease of interpretation, these measures have been stan-
dardized by subtracting the mean and dividing by the standard deviation. Thus,
each has a mean of 0 and a standard deviation of 1, and the estimated coefficients
can be interpreted in terms of standard deviation units. Notably, the estimated co-
efficients for upstream construction are positive in all six models, though not all are
statistically significant. Industrial development in upstream areas also appears to
have a sizable effect (.055 SD) on BOD levels. Since BOD is different from COD,
and captures primarily domestic pollutants from biological sources like sewage and
plant and animal matter, the estimated coefficient is statistically less strong.*® To
address multiple testing problem, I follow Currie et al. (2015) to combine all seven
pollutants into a single summary measure. This is done by computing the simple
average of the seven (standardized) pollutants and standardizing the average to be
mean 0 and standard deviation 1. Estimated coefficients for this summary pollution
index are presented in Column 2 of Table 1.2. These estimates are consistent with
those in Column 1, in terms of both direction and significance level.

In order to check the pre-trends and explore the dynamic pollution effects of
industrial construction, Figure 1.3 presents the event-study coefficients and the 90%
confidence intervals estimated from two separate regressions, for years before and after
the land sales. Both specifications are augmented from Equation 1.2, by replacing the
post-sale dummy POST;; with a set of event time dummies. In this way, I allow the
pollution effect of land sales to vary with event time and by its upstream/downstream
relation to the monitoring station. I use the COD level and the summary pollution
index as the dependent variables in Panels A and B, respectively. In both graphs,

the estimated coefficients and error bars are colored red for upstream land sales and

40https: //www.rmagreen.com/chemical-oxygen-demand-biological-oxygen-demand
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blue for land sales in downstream areas. Because the pollution data from monitoring
stations are only available for seven years (2004-2010), I group the event years into a
small number of bins (t < =3, =2 <t < —1,t=0,1<t <2, t> 3) to increase the
statistical power. Event time ¢ = 0 represents the year in which a land parcel is sold
for industrial construction. The dummy for period —2 <t < —1 is omitted to make
the effects relative to that period. Corresponding regression results are reported in
Table 1.16.

Three features stand out in Figure 1.3. First, rivers with and without land sales
in upstream areas do not vary in pollution increase, prior to the sales; the degree of
pollution in the river more than three years before the sales is not statistically dif-
ferent from that of 1 or 2 years before. Second, upstream land sales are immediately
followed by increased water pollution. The effect is small in the year of the land
sale, and increases afterwards, suggesting a duration of time required to complete
construction.?! Third, land sales in downstream areas are not followed by changes
in water pollution. All of the coefficients for downstream sales are small and statis-
tically indifferent from zero. This implies that the estimates for the pollution effects
of upstream sales are not confounded by time-variant shocks to each river. Taken to-
gether, the patterns observed in both panels of Figure 1.3 support the validity of the
identification assumptions underlying specification 1.2; they are consistent with the
results presented in Table 1.6. All findings from this exercise show that the allocation
of industrial activities to an area is indeed associated with high pollution costs for

residents downstream of that area.

1.5.3.2 The Salience of Hometown Identification

In this subsection, I examine whether the effect of hometown bias on industrial
land supply varies with the salience of leaders’ hometown identities. Existing studies
have found that individuals are more biased towards their social group members when
their social group identities are intensified by inter-group conflict (Fisman et al., 2019;
Hjort, 2014; Shayo and Zussman, 2011). In this light, I also expect city leaders to
exhibit stronger preferences for their hometowns when their hometown identification
is stronger. Since inter-region conflicts are not relevant in the Chinese context, I
turn to linguistic distances between leaders’ home cities and nearby cities as the
measure of hometown salience. Since cities that speak different dialects from nearby

regions have been geographically more isolated throughout history and have had less

41 As discussed in Section 1.2, each parcel of land is used for projects as specified in their respective
contracts. The majority (85.3%) of the industrial projects in the data take 1-3 years to complete.
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interaction (i.e. trade, migration, etc.) with other regions, people in these cities
have preserved more distinct culture. Thus, they may identify with stronger regional
identities (Alesina et al., 2003; Falck et al., 2012; Guiso et al., 2009; Michalopoulos,
2012).

To calculate the linguistic distance between a leader’s home city and its nearby
cities, I first compute the linguistic distance between the home city and each of its
nearby cities using dialect data drawn from Liu et al. (2015). I then take a simple
average of the linguistic distances across all nearby cities. For ease of interpretation, I
standardize the average linguistic distance to have a mean of 0 and a standard devia-
tion of 1. As discussed earlier, a longer average linguistic distance between a leader’s
home city and nearby cities plausibly indicates stronger home city identification.

To test for heterogeneity by identity salience, in Columns 1-3 of Table 1.7 I aug-
ment Equation 1.1 with the interaction between the average linguistic distance and
the UpHome indicator. In this way, the effect of hometown preferences is allowed to
vary by leaders’ hometown identity salience. The coefficients for the interaction term
are negative and statistically significant in all three models. These findings suggest
that the previously estimated land supply differences between upstream and control
areas are indeed driven by city leaders’ hometown preferences. They also indicate
that city leaders are more “protective” of their hometowns when they have preserved
more distinct cultural identities.

In Columns 4-6, I interact the UpHome indicator with the log of the population
density of leaders’ hometowns. River pollution likely affects more people when a
river cuts through a densely populated area. In that case, leaders may be more
incentivized to allocate industrial activities away from upstream areas. Consistent
with this hypothesis, the findings show larger supply differences between upstream
and control areas when leaders’” hometowns are more populated. These findings lend

further support to the social preferences interpretation.

1.5.3.3 Competing Hypotheses

The above analyses have provided evidence that city leaders’ environmental con-
cerns for residents of their hometowns may influence their decisions on the spatial
allocation of industrial activities within their jurisdictions. However, there may be
alternative interpretations consistent with the results, given that industrial activities
might have other externalities. For example, city leaders may allocate less land to
industrial firms near their hometowns in order to avoid competition with hometown

firms. To evaluate the extent to which the estimated hometown effects are driven
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by other externalities, I perform a placebo test to compare areas “downstream” of
city leaders’ hometowns to those “downstream” of non-hometowns. The use of this
sample will rule out the water pollution externality mechanism, since water pollution
generated in downstream areas does not spill over to upstream areas. If it is the other
externalities that are at work, we should expect to see similar effects as before. This
idea is illustrated in Figure 1.4.

I estimate a specification analogous to Equation 1.1, where the explanatory vari-
able is a dummy for being downstream of city leaders’ hometowns. The results are
presented in Table 1.8. The estimated coefficients are much smaller in magnitude
than before, and none of them are statistically significant. These results suggest that
the previously estimated land supply differences between upstream and control areas
are not simply driven by the geographical proximity of upstream areas to city leaders’
hometowns. Rather, it is being upstream of, and having water pollution spillover to,
leaders’ hometowns that differentiates these areas.

In another test, I repeat the estimation of Equation 1.1 using the respective sup-
plies of commercial and residential land as the dependent variables. Unlike industrial
land sold for industrial construction, commercial and residential land is used for less
polluting activities. Thus, city leaders may not be incentivized to misallocate com-
mercial or residential land between upstream and control areas. Consistent with this
hypothesis, Table 1.20, shows that there are no statistically distinguishable effects for
non-industrial land.

Additionally, I provide evidence that leaders do not exhibit similar social pref-
erences for non-home cities where they had previously worked. This evidence also
points against an information mechanism as the driver of the main results. If leaders
reduce pollution for their hometowns because they have better information about
them, similar effects should be expected for areas upstream of the cities where they
had previously worked, since they would have better information about them as well.
However, the results in Table 1.23 do not support this hypothesis. Finally, using data
on emission fees paid by industrial firms in 2004, I find no evidence that environmental

regulations are enforced with varying stringency across areas.

1.5.4 Implications for Efficiency

Given the large effects of policymakers’ hometown preferences on the spatial al-
location of industrial land within their jurisdictions, it is natural to ask how the
allocative efficiency and local economic welfare may have been affected. Conceptu-

ally, if the entire jurisdiction city is an integrated market for land, and there is little
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market friction (i.e. a free flow of capital and labor, low transportation costs, etc.),
the spatial allocation of industrial land should matter little for efficiency. In that
scenario, different firms may have different land valuations, but the same firm is in-
different to land in different areas within the jurisdiction city, and thus values them
equally. Land allocation is efficient to the extent that land will always go to the firms
who value it the most. Holding the total supply constant, total market surplus is
irrelevant to the spatial allocation of land.

However, in reality, there is variance across areas. Firms are likely to prefer land
in certain areas over others. The manipulation of land supply across areas, due to
policymakers’ personal preferences, may force firms to forgo land they value more
and instead pursue less valuable land, thus causing a loss of market surplus. In order
to test this hypothesis, I turn to the data on land prices. First, I use the same
specification as before to examine whether, and to what extent, average prices vary
between upstream and control areas. Then, I check the robustness of the results
to different samples and specifications. Using the estimated effects on land prices
and former estimates for supply, I quantify the lost market surplus due to leaders’

hometown preferences.

1.5.4.1 Effects on Land Prices

In Table 1.9, I estimate Equation 1.1 with average land prices as the dependent
variables. Average land prices are defined as the average prices of newly-supplied
land parcels in each area in each year. In Columns 1-3, I take a simple, unweighted
average of prices across all parcels of land and gradually add controls for weather,
infrastructure, and cumulative past supply. All estimates are positive and statistically
significant at the 1% level, suggesting that land prices are higher in upstream areas
than in otherwise similar control areas. In the remaining columns of Table 1.9, I
use the weighted average price of newly-supplied land in each area and year as the
dependent variable, where the price of each parcel is weighted by its own size. The
point estimates are consistently positive and statistically significant at the 5% level.
In terms of magnitude, the estimated coefficients indicate a 12-15% price differential
between upstream and control areas.

I conduct a battery of robustness checks on the results. In Table 1.18, I exclude
observations where the city is governed by a native politician, and find that the
estimated coefficients are similar in magnitude and significance to those presented in
Table 1.9. These results are also robust to areas defined by alternative radii (Table

1.19), and to standard errors clustered at alternative levels (Table 1.25). Since price
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data are available only if land transactions take place in a given area and period, in
order to reduce the incidence of zero transactions and alleviate the selection problem,
I also analyze the price data at the area x office term level. Instead of aggregating
data by area and year, in Table 1.21, I aggregate both the outcome and the control
variables of Equation 1.1 by area and the leader’s office term. With the inclusion of
area fixed effects and office term fixed effects, the estimates from this specification
are similar to previous ones.

I interpret the higher land prices in upstream areas as being driven by less land
supply to these areas. However, since land parcels may vary in size, quality, and
other characteristics, one concern with this interpretation is that the estimated price
differentials may be driven by different land parcel compositions supplied to different
areas. A related concern is that local governments may adopt different methods to
sell land located in different areas. As noted earlier, the government may sell land
through either private negotiations or pubic auctions. Since the average sales price
is lower when land is sold through private negotiations than through public auctions,
one may be concerned that the higher prices in upstream areas are driven by more
frequent sales through public auctions. In order to alleviate these concerns, I estimate
a parcel-level specification in which the land parcel characteristics are included as

controls. The specification is the following:
Pricey;j; = o+ 8 x UpHome,;, + v X Xpije + Ai + pje + €pije (1.3)

In this specification, each observation is a parcel of industrial land p, located in area
1 of city 7, and sold in year t. The dependent variable is the log sale price of land
parcel p. The key explanatory variable is an indicator that equals 1 if parcel p is
located upstream of the leader’s hometown in sales year, t. For each parcel of land
in the sample, I have information on its size, quality grade, and the method through
which it was sold. I gradually add these controls to the baseline specification and
report the regression results in Table 1.10. Area fixed effects and city x year fixed
effects are included in Columns 1 through 3.

In Column 1 of Table 1.10, I add the size of the land parcel to account for poten-
tial second-degree price discrimination in the land market, i.e., different unit prices
for different units purchased. This does not qualitatively alter the estimated price
effect; if anything, the estimated coefficient from this specification increases slightly
in magnitude. In Column 2, I add dummies for whether a land parcel is sold through

private negotiation, listing auction, invited bidding, or a standard English auction.
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This is done to address the possibility that city leaders use different sales methods for
land in different areas. To account for the effect of land quality on land prices, in the
last column, I also include quality grade dummies for each land parcel as controls.
The land quality is evaluated by the government before the transaction, based on
factors such as the parcel’s landscape, its access to markets, and surrounding infras-
tructure. 76 percent of the sample land parcels had been rated before their respective
transactions. However, 24 percent were left ungraded. I include a set of dummies for
each quality grade, as well as a dummy for ungraded land parcels. Once again, the
results are comparable, both in terms of point estimates and statistical significance.
The stability of these estimates also suggests that it is unlikely that the estimates are

the result of omitted variables.

1.5.4.2 Lost Market Surplus

Thus far, the empirical findings have shown that areas upstream of city leaders’
hometowns receive significantly less land for industrial activities. Meanwhile, the
average prices of newly-supplied land are significantly higher in these areas. I interpret
these findings as evidence of the spatial misallocation of industrial activities due to
city leaders’ hometown preferences. As discussed, if production location is immaterial
to firms, and they value land in different areas equally, average land prices should be
the same across areas. In that scenario, land parcels would always go to the firms
that value them the most. Holding the total supply constant, the spatial allocation
of land would have no effect on efficiency. However, the empirical findings show that
firms do care about the locational of production, and that land prices significantly
vary between upstream and control areas. Furthermore, the fact that land prices
are higher in upstream areas suggests that there are firms with higher valuation of
land in these areas under the current allocation scheme. This is likely because it is
more profitable for these firms to locate their production there. However, due to the
restricted supply u, firms are unable to acquire land in their preferred areas, and thus
their productivity and/or profits suffer.

How extensive are these losses due to land misallocation? In theory, one could
use production data to quantify the productivity gains if firms were allocated to their
preferred locations instead of the actual locations. Since the production data for land
buyers (firms) are unavailable, I quantify the misallocation costs of leaders’ hometown
preferences using lost surplus in the industrial land market. The idea is simple. From
city governments’ perspective, holding the total supply constant, reducing the supply

to low-price areas and increasing the supply to high-price areas can expand the market
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surplus (and generate higher revenues from land sales). However, city governments
forgo additional market surplus and government revenue, due to leaders’ personal
concerns for their hometowns. Thus, the amount of foregone surplus can be used to
gauge the misallocation costs of leaders’” hometown preferences.

As noted, the total amount of land that each city government can sell in a given
year is determined by the Central and provincial governments through quotas. The
quotas are binding, to the extent that they are smaller than the quantity that city
governments would like to sell had they been unconstrained. Therefore, they are
regularly exhausted by city governments (Wang et al., 2016; Xie, 2015). In this light,
I consider the total supply in a given city and year to be fixed. Under the assumption
that the marginal cost of land supply is constant, the spatial allocation of land only
affects the buyer surplus, and not the total cost. Therefore, the welfare losses are just
the additional buyer surplus that could have been generated from the given amount
of land. By construction, the sample areas are similar in both size and geographical
characteristics. Therefore, I further assume that all sample areas face the same linear
demand curve. Under these assumptions, the lost market surplus due to leaders’
hometown preferences can be expressed in terms of the estimated quantity and price
differentials between upstream and control areas. Next, I draw estimates for land
supply and price from preferred specifications (see Tables 1.3 and 1.9), and evaluate
the deadweight loss at the mean price and supply. The calculation shows that land
misallocation associated with each upstream area leads to a loss of surplus roughly
equal to 1.55 million Chinese yuan, corresponding to 1.6 percent of the average land
sale revenue from each area. These calculations are detailed in Table 1.26.

The estimated welfare costs of policymakers’ hometown biases have a modest mag-
nitude for the following reasons. First, city leaders face quantity constraints imposed
by the provincial and Central governments. The quotas are far smaller than the total
quantity that they wish to sell. Therefore, when land supply decreases in upstream
areas, it increases in other areas. In other words, the decreased market surplus in
upstream areas, due to hometown bias, is partially offset by increased surplus in
other areas. In a context where city leaders’ hands are untied, the deadweight loss
would be greater. Second, the spatial allocation of industrial land affects leaders’ in-
group members through water pollution spillover. In alternative environments where
politicians’ policy decisions have more effect on their in-group members’ welfare, the
distortion effect may be even larger. Finally, to simplify the calculation, I assume the
cost of pollution to be linear. This overlooks environmental losses when the cost of

pollution is convex. Nonetheless, the unambiguous sign of the welfare change provides
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evidence that in-group preferences among policymakers have led to a net welfare loss.
Given that fiscal revenue is positively correlated with city leaders’ career advance-
ment (Lii and Landry, 2014; Chen and Kung, 2016), the evidence also suggests that
politicians are willing to sacrifice a certain amount of personal benefit in exchange

for social benefits for in-group members.

1.5.5 Additional Results

In the final set of empirical analyses, I examine how city leaders’ social preferences
for their hometowns influence overall economic activity across areas. Because the
undersupply of industrial land to upstream areas mechanically reduces the number
of industrial firms, job opportunities, and local income, I expect the upstream areas

to be less developed. The following specification is used to test this hypothesis:
Light,;, = a + 8 x Exposure;;, + v X Xije + i + pje + €55 (1.4)

Due to the lack of employment, income, and GDP data at granular levels, I follow
previous studies in using nighttime light intensity as a measure of economic activity.
The original measure of light intensity for each grid ranges from 0 to 63. I take
a simple average of light intensity over all grids within each sample area and year.
Because the distribution of the average nighttime light intensity is right-skewed, and
about 25 percent of the areaxyear observations have average intensity equal to 0,
I follow previous studies and use the logarithm of average nighttime light intensity
plus .01 as the dependent variable (Hodler and Raschky, 2014; Michalopoulos and
Papaioannou, 2013, 2014). As discussed in Section 1.2, the majority (85.3 percent) of
the industrial projects in the data take 1-3 years to complete. In order to account for
the lagging effect of land supply on local economic activity, I define a key explanatory

variable, Exposure,,, as the number of years over the previous three years that an

ijto
area is upstream of city leaders’ hometowns. Once again, I control for area fixed
effects, city by year fixed effects, and other controls as in Equation 1.1.

The point estimates reported in Table 1.11 show that, indeed, having been up-
stream of a leader’s hometown over the previous three years is associated with lower
levels of economic activity; an additional year of exposure decreases nighttime light
intensity by about 3 percent. The estimated coefficient is statistically significant
at the conventional 10 percent level. Furthermore, the point estimates tend to be
greater in magnitude and statistically more significant when looking at areas defined

by shorter radii. This indicates that policymakers have stronger incentive to misal-
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locate industrial activities in areas closer to rivers flowing towards their hometowns.
Since a non-trivial fraction of the observations have average light intensity equal to
0, in Table 1.22, I use a dummy for positive light intensity as the dependent variable.
These estimates consistently show lower levels of economic development in upstream
areas. An additional year of being upstream of a leader’s hometown reduces the
likelihood of having a detectable light intensity by 0.5 percent. Once again, the ef-
fect is more pronounced for areas defined by shorter radii. These findings provide
additional evidence in support of this study’s main hypothesis. They also suggest
that policymakers’ social preferences for their hometowns have exacerbated spatial

economic inequality within their jurisdictions.

1.6 Conclusion

Given the importance of policymakers in determining economic performance and
jurisdictional welfare (Jones and Olken, 2005), a central question to political economy
and development is what motivates policymakers (Besley, 2005). The answer to
this question helps unpack the black box of policymaking, and has implications for
institutional designs aimed at improving government decision-making.

Politicians and bureaucrats care about both career advancement and economic
benefits. This point has been underscored by influential studies in both economics
and political science (Besley and Case, 1995; Besley and Burgess, 2002; Olken and
Pande, 2012; Shleifer and Vishny, 1993). However, the question remains as to whether
policymakers are motivated by intrinsic social preferences for others. Is there a pref-
erence for members of their own social groups? If so, how do in-group preferences
among policymakers influence their policy decisions, and in turn, local welfare? The
answers to these questions are less clear.

This study addresses these questions in the context of Chinese cities. It lever-
ages the unique features of city leader appointment in China—-city leaders are often
assigned to jurisdictions proximate to their hometowns—and develops a strategy to
compare industrial activities allocated to areas upstream of leaders’ hometowns with
similar areas upstream of non-hometowns. Using georeferenced data on each parcel
of land supplied by city governments for industrial uses, and matched with Chinese
rivers and city boundaries, this study finds that areas upstream of leaders’ hometowns
receive significantly less land for industrial activities. A variety of additional evidence
suggests that this is a means to reduce water pollution spillover effects to residents

of leaders’ hometowns. The hometown bias among city leaders, however, is not cost
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free. The undersupply of land to upstream areas drives up land prices, diminishing
the surplus that could have been generated had there been no hometown preferences.
Furthermore, data on nighttime light intensity shows that, due to the undersupply of
industrial land, upstream areas experience less development.

This study’s findings provide evidence that policymakers are indeed motivated
by social preferences towards in-group members. More importantly, they show that
in-group preferences among policymakers can induce spatial misallocation of both
resources and economic activity. Standard models of in-group bias predict resource
misallocation, as decision makers trade off efficiency against additional utility gains
from favoring their own-group members (Fisman et al., 2017). As self-evident as
it appears, due to the lack of measures of efficiency, there is little direct evidence
for this prediction. Focusing on a context where resources are allocated through
market mechanisms, this study overcomes the difficulty by using the loss of market
surplus to gauge misallocation. It finds that policymakers’ in-group preferences indeed
have negative welfare consequences in our context. However, this does not imply
that political elites’ in-group preferences are necessarily welfare-reducing. In other
circumstances, in-group preferences can be utilized to align the interests of and to
sustain the cooperation between government officials within the bureaucracy (Jiang,
2018). They could also be used to improve the well-being of underrepresented social
groups (Pande, 2003). Each of these calls for considerations of social group identities
and cautious calculations of their costs and benefits during the process of political

selection and appointment.
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1.7 Tables and Figures

Table 1.1: Summary Statistics

VARIABLES Mean S.D. Obs.

Panel A: Parcel-level Land Outcomes

Size (ha) 3.264 5.966 95,170
Price (yuan per m?) 208.2 167.0 95,170
Auction 0.725 0.446 95,170
English Auction 0.028 0.165 95,170
Invited Bidding 0.005 0.069 95,170
Listing Auction 0.692 0.461 95,170
Quality Evaluated (0/1) 0.755 0.430 95,170
Quality Rating 5.227 3.827 71,815

Panel B: Area-level Outcomes

Any Supply 0.379 0.485 17,351
Total area supplied, log 2.593 1.896 6,573
Total area supplied, THS 1.281 1.948 17,351
Num. of parcels supplied, THS 0.946 1.443 17,351
Log price, unweighted 4.901 0.729 6,573
Log price, weighted 4.889 0.743 6,573
UpHome (0/1) 0.081 0.273 17,351
Monthly rainfall, avg 75.19 40.125 17,351
Monthly temperature, avg 12.23 6.341 17,351
Monthly rainfall, sd 69.33 31.33 17,351
Monthly temperature, sd 9.474 2.851 17,351
Distance to nearest highway, log 3.208 1.418 17,351

Notes: Panel A presents summary statistics on 95,170 industrial land parcels in sample
areas. Panel B presents summary statistics on key variables aggregated at the area-year
level.
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Table 1.2: Summary Statistics (cont.)

VARIABLES Mean S.D. Obs.

Panel C: City Leader Characteristics

Male 0.961 0.194 1,304
Han ethnicity 0.911 0.285 1,300
Age at first appointment 49.75 3.931 1,293
Years of party membership at first app. 26.25 5.079 1,161
Master degree 0.605 0.489 1,187
Num. of cities served 1.158 0.387 1,304
Avg. length of office term (years) 3.931 1.820 1,025

Panel D: Water Pollution Measures

COD (mg/L) 6.731 10.95 3,391
BOD (mg/L) 5.609 14.26 3,391
NH (mg/L) 2.131 5.273 3,391
Petroleum (mg/L) 0.107 0.295 3,391
Phenol (mg/L) 0.006 0.031 3,301
Mercury (ug/L) 0.033 0.091 3,391
Lead (mg/L) 0.006 0.015 3,301

Notes: Panel C presents summary statistics on 1,306 city leaders who were in office from
1998 to 2015. Age and years of tenure in the party are measured in the year when the
politician becomes a city leader. Number of cities served and the average length of office
term in a city are measured during the sample period. The average length of office term
is calculated based on finished office terms only. Panel D presents summary statistics on
water pollution measures at the monitor-year level.
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Table 1.3: Hometown Preferences and the Quantity of Industrial Land Supply

Any log sinh™t sinh™!
VARIABLES Supply Supply Supply Parcels

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

Panel A: No additional controls

UpHome -0.059%¥* -0.294%* -0.227%%* -0.170°%%
(0.020) (0.146) (0.075) (0.052)

Panel B: with additional controls

UpHome -0.058%** -0.289%* -0.225%** -0.169%**
(0.020) (0.145) (0.075) (0.052)
Area FE v v v v
City x Year FE v v v v
Observations 17,351 6,573 17,351 17,351
Mean of dep. 379 2.593 1.281 .946

Notes: Depend variables in columns 1-4 are a dummy equal to one if an area receives any
land supply, the log of total quantity of land (in hectare), the inverse hyperbolic sine of total
quantity of land, and the inverse hyperbolic sine of total number of land parcels supplied in
an area, respectively. Regression models in panel A control for area fixed effects and city x
year fixed effects. Regression models in panel B additionally control for the annual average
levels of rainfall and temperature, standard deviations of rainfall and temperature, and log
distance to the nearest highway. Robust standard errors clustered at the area level appear
in parentheses (***p<0.01, **p<0.05, *p<0.1).
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Table 1.4: Robustness — Alternative Radii

Any log sinh™t sinh™!
VARIABLES Supply Supply Supply Parcels
(1) (2) (3) (4)
Panel A: 15-kilometer radius
UpHome -0.043** -0.265 -0. 177K -0.121%%*
(0.018) (0.173) (0.061) (0.042)
Observations 17,351 5,016 17,351 17,351
R-squared 0.709 0.849 0.783 0.821
Mean of dep. .289 2.299 .898 .657
Panel B: 25-kilometer radius
UpHome -0.033* -0.239%* -0.154* -0.133**
(0.020) (0.118) (0.080) (0.054)
Observations 17,351 7,925 17,351 17,351
R-squared 0.748 0.846 0.839 0.870
Mean of dep. 457 2.859 1.659 1.236

Notes: Depend variables in columns 1-4 are a dummy equal to one if an area receives any
land supply, the log of total quantity of land (in hectare), the inverse hyperbolic sine of total
quantity of land, and the inverse hyperbolic sine of total number of land parcels supplied in
an area, respectively. The unit of observation, area, is defined by a 15-km radius from rivers’
exit point in panel A and by a 25-km radius in panel B. All regressions control for area fixed
effects, city x year fixed effects, annual average levels of rainfall and temperature, standard
deviations of rainfall and temperature, and log distance to the nearest highway. Robust
standard errors clustered at the area level appear in parentheses (***p<0.01, **p<0.05,

*p<0.1).

41



Table 1.5: Robustness — Allowing for Lagged Effects

Any log sinh™t sinh™!
VARIABLES Supply Supply Supply Parcels
(1) (2) (3) (4)
UpHome -0.054*** -0.295%% -0.170** -0.126***
(0.020) (0.143) (0.067) (0.045)
Observations 17,351 6,573 17,351 17,351
R-squared 0.733 0.851 0.825 0.858
Mean of dep. 379 2.593 1.281 946

Notes: Depend variables in columns 1-4 are a dummy equal to one if an area receives any
land supply, the log of total quantity of land (in hectare), the inverse hyperbolic sine of total
quantity of land, and the inverse hyperbolic sine of total number of land parcels supplied
in an area, respectively. All regressions control for area fixed effects, city x year fixed
effects, annual average levels of rainfall and temperature, standard deviations of rainfall and
temperature, log distance to the nearest highway, and a cubic polynomial in cumulative land
supply up to the previous year. Robust standard errors clustered at the area level appear
in parentheses (***p<0.01, **p<0.05, *p<0.1).
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Table 1.6: Effects of Industrial Activities on Water Pollution

VARIABLES

Chemical

Oxygen Demand

Summary

Pollution Index

(1)

(2)

Up_Monitor x Post

Down_Monitor x Post

Observations
R-squared
Mean of dep.

A94F*
(.222)

-.051
(.127)

539,080
134
5.716

065%*
(.032)

-.005
(.019)

539,080
795
0

Notes: Unit of observation is the parcel-monitor-year. Depend variables in columns 1-2 are
the level of COD (Chemical Oxygen Demand), and a summary index that averages together
all seven pollutants measured from monitoring stations, respectively. The summary index
has been standardized to be mean 0 and standard deviation 1. All specifications control for
monitor-land pair fixed effects and river basin by year fixed effects. Robust standard errors
two-way clustered by monitoring station and land parcel appear in parentheses (***p<0.01,

**p<0.05, *p<0.1).
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Table 1.8: Placebo - Effects for Downstream Areas

Any log sinh™t sinh™!
VARIABLES Supply Supply Supply Parcels
(1) (2) (3) (4)
DownHome -0.000 -0.064 -0.001 0.015
(0.020) (0.173) (0.075) (0.054)
Observations 17,047 4,822 17,047 17,047
R-squared 0.698 0.840 0.771 0.808
Mean of dep. 283 2.332 .887 .657

Notes: This table provides a placebo test using the sample of areas downstream of city
leaders’ hometown and non-hometowns. Depend variables in columns 1-4 are a dummy
equal to one if an area receives any land supply, the log of total quantity of land (in hectare),
the inverse hyperbolic sine of total quantity of land, and the inverse hyperbolic sine of total
number of land parcels supplied in an area, respectively. All regressions control for area fixed
effects, city x year fixed effects, annual average levels of rainfall and temperature, standard
deviations of rainfall and temperature, and log distance to the nearest highway. Robust
standard errors clustered at the area level appear in parentheses (***p<0.01, **p<0.05,
*p<0.1).
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Table 1.10: Land Prices — Transaction Level Analysis

log (Price)

VARIABLES
(1) (2) (3)
UpHome 0.169* 0.179* 0.161*
(0.101) (0.096) (0.096)
Observations 95,170 95,170 95,170
R-squared 0.631 0.655 0.657
Mean of dep. 4.995 4.995 4.995

Notes: Each observation is a parcel of land sold by city governments in the primary market.
The depend variables the log of price (per hectare). Area fixed effects and city x year fixed
effects are included in all regressions. Columns 1 controls for the log of parcel size. Column
2 adds dummies for sales method. Column 3 further include the quality of land parcel
measured on a 20-point scale. Robust standard errors clustered at the area level appear in
parentheses (***p<0.01, **p<0.05, *p<0.1).
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Table 1.11: Nighttime Light Intensity

In (light intensity)

VARIABLES 10-km 15-km 20-km
(1) (2) (3)

Exposure over previous years -0.057** -0.044** -0.031*
(0.025) (0.020) (0.018)
Observations 22,047 22,047 22,047
R-squared 0.941 0.955 0.964
Mean of dep. -.930 -.621 -.407

Notes: Dependent variable is log(0.01 +avg. light intensity). The key explanatory variable
is the number of years over the previous three years that an area is upstream of city leaders’
hometowns. The unit of observation, area, is defined by a 10-km, 15-km, and 20-km radius
from each river’ exit point in columns 1-3, respectively. All regressions control for area fixed
effects, city x year fixed effects, annual average levels of rainfall and temperature, standard
deviations of rainfall and temperature, and log distance to the nearest highway. Robust
standard errors clustered at the area level appear in parentheses (***p<0.01, **p<0.05,
*p<0.1).
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Figure 1.1: Illustration of Identification Strategy

Note: This figure illustrates the identification strategy. One river flows from the jurisdiction
city A to its leader’s home city. The other river flows from the jurisdiction to a non-home
city. The black dots represent each river’s exit point from the jurisdiction. The stars
(triangles) represent industrial land parcels supplied within a radius of each exit point in
the jurisdiction. The identification strategy compares quantity and price of industrial land
supplied to areas upstream of the jurisdiction city leader’s hometown vs. areas upstream of
non-hometowns, during and after the current leader’s term.
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Total Area of Land Sales, by use type

Area of Land (thousand square km)
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Figure 1.2: Annual Supply of Land, by use type

Source: China Statistical Yearbooks on Land and Resources; Land Transaction Monitoring
System.
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Effects of Land Supply on COD (std)

Effects of Land Supply on Pollution Index

1

0

(a) COD (Chemical Oxygen Demand)

T T
t=0 [1,2]

Year Relative to Land Sale

[-2: -1]

— —4& —- Land Sales Upstream  — —® — - Land Sales Downstream

(b) Summary Pollution Index

\
|
[
—

T T
t=0 [1,2]

Year Relative to Land Sale

[-2,| -1]

— —@& — - Land Sales Downstream

— —4A —- Land Sales Upstream

Figure 1.3: Effects of Industrial Activities on Water Pollution

Note: The above two figures plot coefficient estimates and 90% confidence intervals for the
effects of industrial land supply on the level of COD and the summary pollution index,
respectively. Both COD and the summary index have been standardized to be mean 0 and

standard deviation 1.
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1.8 Appendix: Additional Tables and Figures

Table 1.12: Balance Checks

Difference
No Year of With Year of
VARIABLES
Appointment FE Appointment FE
(1) (2)
Panel A: Individual Characteristics
Male 0.021 0.019
(0.016) (0.016)
Age -0.319 -0.276
(0.297) (0.287)
Years of tenure in the party -0.162 -0.090
(0.436) (0.425)
Master degree 0.010 0.023
(0.041) (0.041)
Political rank -0.030 -0.021
(0.029) (0.028)
Years of experience as city head -0.104 -0.064
(0.184) (0.186)
Any experience as city head -0.012 -0.003
(0.036) (0.037)
Observations 927 927
Joint Significance Test (x?) 4.35 3.66
p-value 0.739 0.818

Notes: This table provides balance checks on individual characteristics between city leaders

who are placed upstream of hometowns and those who are not. Each parameter is from a
separate regression with outcomes indicated in the variables column. All balance variables
are measured in the year of appointment. Estimated differences, with and without year of
appointment dummies, are reported in columns 1 and 2, respectively. P-values calculated
based on robust standard errors clustered at the city level appear in parentheses (***p<0.01,
**p<0.05, *p<0.1).
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Table 1.13: Balance Checks (cont.)

Difference
No Year of With Year of
VARIABLES
Appointment FE Appointment FE
(1) (2)
Panel B: Hometown Characteristics
GDP 0.833 0.991
(0.694) (0.691)
per capita GDP -0.020 0.192
(0.892) (0.913)
Share in GDP, primary -0.007 -0.008
(0.009) (0.009)
Share in GDP, secondary -0.000 0.000
(0.010) (0.010)
Share in GDP, tertiary 0.008 0.008
(0.007) (0.007)
Pop density 3.588 7.673
(28.38) (29.40)
Rural poulation share -0.001 -0.006
(0.014) (0.014)
Avg. years of schooling 0.011 0.026
(0.096) (0.096)
Observations 927 927
Joint Significance Test (x?) 4.45 4.38
p-value 0.814 0.821

Notes: This table provides balance checks on hometown characteristics between city leaders

who are placed upstream of hometowns and those who are not. Each parameter is from a
separate regression with outcomes indicated in the variables column. Data on population
and average years of schooling are obtained from Population Census of 2000. Estimated
differences, with and without year of appointment dummies, are reported in columns 1 and
2, respectively. P-values calculated based on robust standard errors clustered at the city
level appear in parentheses (***p<0.01, **p<0.05, *p<0.1).
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Table 1.14: Robustness — Excluding Native City Leaders

Any log sinh™t sinh™!
VARIABLES Supply Supply Supply Parcels

(1) (2) (3) (4)
UpHome -0.058%*** -0.259* -0.219%** -0.173%***

(0.020) (0.146) (0.074) (0.052)

Observations 16,625 6,333 16,625 16,625
R-squared 0.732 0.850 0.818 0.850
Mean of dep. 381 2.570 1.280 945

Notes: Depend variables in columns 1-4 are a dummy equal to one if an area receives
any land supply, the log of total quantity of land (in hectare), the inverse hyperbolic sine
of total quantity of land, and the inverse hyperbolic sine of total number of land parcels
supplied in an area, respectively. This sample excludes city-years where the city leader is a
native. All regressions control for area fixed effects, city x year fixed effects, annual average
levels of rainfall and temperature, standard deviations of rainfall and temperature, and log
distance to the nearest highway. Robust standard errors clustered at the area level appear
in parentheses (***p<0.01, **p<0.05, *p<0.1).
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Table 1.15: Robustness — Allowing for Lags of Key Explanatory Variable

Any log sinh™t sinh™!
VARIABLES Supply Supply Supply Parcels
(1) (2) (3) (4)
UpHome -0.061** -0.301* -0.169** -0.128%**
(0.025) (0.165) (0.084) (0.055)
Observations 14,413 6,324 14,413 14,413
R-squared 0.737 0.850 0.836 0.868
Mean of dep. 439 2.619 1.493 1.098

Notes: Depend variables in columns 1-4 are a dummy equal to one if an area receives
any land supply, the log of total quantity of land (in hectare), the inverse hyperbolic sine
of total quantity of land, and the inverse hyperbolic sine of total number of land parcels
supplied in an area, respectively. All regressions control for area fixed effects, city x
year fixed effects, annual average levels of rainfall and temperature, standard deviations
of rainfall and temperature, log distance to the nearest highway, and two lags of the
UpHome variable. Robust standard errors clustered at the area level appear in parentheses
(***p<0.01, **p<0.05, *p<0.1).
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Table 1.16: Event-study Estimates for Water Pollution Effects

Summary
VARIABLES coD Index
(1) (2)
Up-Monitor x 1t < —3] -.223 -.025
(.252) (.026)
Up_Monitor x 1[t = 0] 311 027
(.147) (.020)
Up-Monitor x 1[1 <t < 2] NGRR .069**
(.250) (.034)
Up_Monitor x 1[t > 3] 1,027 101+
(.380) (.050)
Down_Monitor x 1]t < —3] -.076 014
(.231) (.021)
Down_Monitor x 1[t = 0] 110 012
(.085) (.012)
Down_Monitor x 1[1 <t < 2] .088 -.004
(.146) (.021)
Down_Monitor x 1[t > 3] 260 -.029
(.232) (.031)
Observations 539,080 539,080
R-squared 734 795
Mean of dep. 5.716 0

Notes: Unit of observation is the parcel-monitor-year. Dependent variables in columns 1
and 2 are the level of COD (Chemical Oxygen Demand) and summary pollution index that
averages together all seven pollutants measured at each monitoring station, respectively.
The summary index has been standardized to be mean 0 and standard deviation 1. All
regression specifications presented here control for monitor-land pair fixed effects and river
basin by year fixed effects. Robust standard errors two-way clustered by monitoring station
and land parcel appear in parentheses (***p<0.01, **p<0.05, *p<0.1).
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Table 1.19: Land Prices — Alternative Radii

15-km radius 25-km radius
VARIABLES In (avg price) In (weig'hted In (avg price) In (Weig‘hted
avg price) avg price)
(1) (2) (3) (4)

UpHome 0.091* 0.070 0.142%%* 0.104**

(0.054) (0.060) (0.044) (0.043)
Observations 5,016 5,016 7,925 7,925
R-squared 0.879 0.876 0.877 0.872
Mean of dep. 4.933 4.923 4.868 4.854

Notes: Depend variables in columns 1 & 3 and columns 2 & 4 are the log of average land
price and the log of size-weighted average land price in each area and year, respectively. The
unit of observation, area, is defined by a 15-km radius from rivers’ exit point in columns 1-2
and by a 25-km radius in columns 3-4. All regressions control for area fixed effects, city x
year fixed effects, annual average levels of rainfall and temperature, standard deviations of
rainfall and temperature, and log distance to the nearest highway. Robust standard errors
clustered at the area level appear in parentheses (***p<0.01, **p<0.05, *p<0.1).
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Table 1.20: Placebo — Supply of Commercial and Residential Land

Any log sinh™t sinh™!
VARIABLES Supply Supply Supply Parcels
(1) (2) (3) (4)
Panel A: Commercial Land
UpHome 0.016 -0.050 -0.014 -0.013
(0.019) (0.049) (0.039) (0.079)
Observations 17,351 17,351 17,351 6,030
R-squared 0.677 0.738 0.779 0.844
Mean of dep. .348 .616 708 6.191
Panel B: Residential Land
UpHome 0.023 0.042 0.043 0.006
(0.018) (0.063) (0.052) (0.075)
Observations 17,351 17,351 17,351 6,730
R-squared 0.736 0.820 0.833 0.850
Mean of dep. .388 950 982 6.330

Notes: Depend variables in columns 1-4 are a dummy equal to one if an area receives any
land supply, the inverse hyperbolic sine of total quantity of land, the inverse hyperbolic
sine of total number of land parcels, and the log of size-weighted average land price in each
area and year, respectively. Results for commercial land and residential land are presented
in Panel A and Panel B, respectively. All regressions control for area fixed effects, city x
year fixed effects, annual average levels of rainfall and temperature, standard deviations of
rainfall and temperature, and log distance to the nearest highway. Robust standard errors

clustered at the area level appear in parentheses (***p<0.01, **p<0.05, *p<0.1).
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Table 1.21: Land Prices — Office Term Level Analysis

In (avg price) In (weighted avg price)
VARIABLES

(1) (2) (3) (4) () (6)
UpHome 0.138%*% (.142*%* (.137** 0.094*  0.102* 0.098*
(0.059)  (0.059)  (0.058) (0.056) (0.056) (0.056)

Observations 2,805 2,805 2,805 2,805 2,805 2,805
R-squared 0.903 0.904 0.904 0.903 0.903 0.904
Mean of dep. 4.848 4.848 4.848 4.828 4.828 4.828

Notes: This table reports estimates from the area x office-term level regressions. The
depend variables are average land prices within a given area and a leader’s office term. In
Columns 1-3 and 4-6 are the log of average land price and the log of size-weighted average
land price, respectively. Area fixed effects and office term fixed effects are included in all
regressions. Columns 2 and 4 further include average levels of rainfall and temperature,
standard deviations of rainfall and temperature during each office term, and log distance
to the nearest highway. Columns 3 and 6 additionally control for a cubic polynomial in
cumulative land supply up to the previous office term. Robust standard errors clustered at
the area level appear in parentheses (***p<0.01, **p<0.05, *p<0.1).
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Table 1.22: Nighttime Light Intensity — Alternative Measures

1(light intensity > 0)

VARIABLES 10-km 15-km 20-km
(1) (2) (3)

Exposure over previous years -0.017%** -0.009* -0.005
(0.006) (0.005) (0.004)
Observations 22,047 22,047 22,047
R-squared 0.818 0.810 0.807
Mean of dep. 702 187 .842

Notes: Dependent variable is a dummy equal to one if the average light intensity is positive
in a given year. The key explanatory variable is the number of years over the previous three
years that an area is upstream of city leaders’ hometowns. The unit of observation, area,
is defined by a 10-km, 15-km, and 20-km radius from each river’ exit point in columns 1-3,
respectively. All regressions control for area fixed effects, city x year fixed effects, annual
average levels of rainfall and temperature, standard deviations of rainfall and temperature,
and log distance to the nearest highway. Robust standard errors clustered at the area level
appear in parentheses (***p<0.01, **p<0.05, *p<0.1).
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(
\ Home City (
. Non Home Lity (N) \

Figure 1.4: Hlustration of Placebo Test

Note: This figure illustrates the idea of the placebo test. The black dots represent the points
through which rivers enter the jurisdiction city A. The stars (triangles) represent industrial
land parcels supplied within a radius of each entering point in the jurisdiction. The placebo
test compares quantity and price of industrial land supplied to areas downstream of the
jurisdiction city leader’s hometown vs. areas downstream of non-hometowns, during and

after the current leader’s term.
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Figure 1.5: An Example of Land Transaction Record
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1.9 Appendix: Additional Model Details

1.9.1 Predictions

The Lagrange equation for leader’s maximization problem can be expressed as

follows, where A represents the shadow value of industrial land.

N N

L= Z(aj — Q5 —)Qj — uQo — ML — ZQJ)

=0 =0

Solving the leader’s first order conditions yields:

0 0 ifag <A+p+c 0 0 ifa; <X+c
0= L #0 = = A=
o 2,u ¢ ifag>A+pu+c ! % ifa; > A +c
and
A A
Pozag—l— ;—u—f—c, ]Dj#oza]+2—l—c

Taking expectations of the quantities and prices yields the following predictions:

1. City leaders are less likely to sell land for industrial projects in upstream areas

(7 = 0). This can be seen from the following inequality

2. Conditional on the positive supply (¢); > 0), the quantity of land supplied to

upstream areas is less than other areas.

& ag — (A +p+c)

E[Qo | Qo > 0] 5 |a0>/\+,u+c}
<E[Qj¢0|@j>O]ZE|:W|6Lj>/\+6}

3. Average land prices are higher in upstream areas.*?

42The function E [X — 0 | X > 6] decreases and E [X + 0 | X > 6] increases in 6, when 0 is positive
and X follows the standard normal distribution.

68



ap+ A+ p+c)
2

E[P0’Q0>O]:E ’CLO>)\+,U+C:|

a; +A+c
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1.9.2 Quantifying the Deadweight Loss

Leaders’ hometown preferences lead to land misallocation to the extent that land
is not always allocated to firms with the highest land valuation. City governments
can increase land sale revenue and buyer surplus by increasing the supply to upstream
areas and reducing the supply to other areas, holding the total supply constant. Fig-
ure 1.6 illustrates the lost market surplus in a simple case where land is misallocated

between one upstream and one control area.

MmcC

Qu Q Qv

Figure 1.6: Changes in Market Surplus — Upstream vs. Control Area

Note: The blue region represents the decrease in surplus in an upstream area. The red
region represents the increase in surplus in each of the other areas.

In the above figure, P* and Q* denote equilibrium price and quantity of land for

each area when there are no hometown preferences. Total surplus is represented by
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the region below the demand curve and above the marginal cost, up to quantity Q*.
With hometown preferences, the supply to the upstream area shifts to the left by an
amount denoted by A, and the equilibrium price and quantity become Py and Qp,
respectively. Total surplus in the upstream area decreases by an amount represented
by the blue region, which is equal to %(P* + Py)A. Since there are N control areas,
the expected quantity of supply will shift to the right by A/N. Equilibrium moves
to (Py,Qy). Total surplus increases by an amount represented by the shaded red,
which is equal to 3(Py + P*)%-.

The net effect of hometown preferences on welfare is therefore given by
1, . 1 A 1
—§(P + Pg)A + 5(PN + P )N x N = —§(PH — Py)A

Note that the estimation strategy we leveraged in this paper allows us to causally
estimate the price differential, Ap = Py — Py, and the quantity differential Ay =
Qu — Qn. Note also that the quantity differential between upstream areas and other
areas, Ag, is equal to A + % = %A. Therefore, the average deadweight loss

associated with each representative upstream area can be expressed by

N
N+1

1
DWL = —2ApAg (1.5)

The following table shows the calculations for the deadweight loss. Evaluated at
the mean price and quantity, the results show that the lost market surplus associated
with each upstream area is roughly 1.55 million Chinese yuan. This loss corresponds
to 1.6% of the average land sale revenue from each area.

This calculation does not consider the changes in environmental welfare for juris-
dictional residents. This is because the total supply of industrial land in a given city
and year is constant. Under the assumption that the costs of pollution are linear, the
net change in environmental benefits should be zero since total amount of industrial
activities is held constant through quotas. I adopt the linear pollution costs assump-
tion since it is common in the environmental economics literature (Greenstone and
Hanna, 2014; Lipscomb and Mobarak, 2016). If the cost of pollution is convex, the
disparities in the spatial land allocation, caused by leaders’ hometown preferences,
will also lead to losses of environmental welfare. In that case, the estimated welfare

losses will represent a lower bound.
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Table 1.26: Quantifying the Lost Surplus

dlogQ/dX -0.289**
AQ =Qpn — Qn (ha) -11.83%*
dlogP/dX 0.143%%
AP = Py — Py (RMB 1,000 per ha)) 261.1%+**
DWL = 3(Py — Pv)(Qn — Qn)#45 (Million RMB) 1.545%*
DWL / PQ 0.016**

Notes: This table shows the calculations for the deadweight loss according to Equation
1.5. Estimates in Row 1 and Row 3 are drawn from Tables 1.3 and 1.9, respectively. The
quantity and price differences between upstream and control areas are evaluated at their
sample means. Standard errors for estimated quantity and price differences, and estimated
deadweight loss, are constructed using the delta method (***p<0.01, **p<0.05, *p<0.1).
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CHAPTER 11

Education and the Meritocratic Recruitment of

Bureaucrats

with Achyuta Adhvaryu

Do merit-based recruitment policies encourage individuals to climb socioeconomic
ladders? We provide evidence from historical Taiwan, where elite bureaucrats were
recruited through a civil service examination. Quotas for successful candidates were
set based on the 1948 populations of individuals’ native provinces in mainland China,
resulting in highly preferential quotas for certain groups. This system was abruptly
replaced in 1962 by a uniform admissions policy. We leverage this variation to study
the impacts of differential access to elite bureaucratic posts. We find that the addi-
tional incentives created by preferential quotas increased human capital accumulation

and resulted in better long-run economic outcomes.
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2.1 Introduction

A well-functioning bureaucracy is vital for economic growth. Bureaucrats oversee
the most essential responsibilities of the government — for example, the delivery of
public goods and services, income redistribution, and regulatory enforcement (Ace-
moglu et al., 2011, 2015; Besley and Persson, 2009, 2010). The selection of bureau-
crats is therefore critical to the success of these basic functions of the state (Rasul and
Rogger, 2018; Rasul et al., 2018). Many countries have long histories of meritocratic
recruitment of bureaucrats, often through the use of thresholds on years of schooling
and scores on civil service examinations. China’s system of exam-based recruitment,
for example, was created more than 1,400 years ago under the Sui Dynasty.! It has
served as the primary model for the civil service systems that later developed in In-
dia, Brazil, France, Germany, the United Kingdom, and the United States, among
others.? There is general agreement that meritocratic recruitment is valuable to the
state. The evidence for this fact has focused on one channel: merit-based recruit-
ment enables the selection and promotion of candidates who are able to execute the
responsibilities of the bureaucracy more honestly and efficiently (Weber, 1968; Evans
and Rauch, 1999; Rauch, 1995; Besley, 2005).3

But there has always been another fundamental express purpose of meritocratic
recruitment: to summon the aspirations — and ultimately to alter the choices — of
common citizens to climb socioeconomic ladders. Indeed, this was one of the primary
considerations in the design of the original Chinese civil service examination system
(Ho, 1962; Hsu, 1949; Elman, 2000; Needham, 1969; Miyazaki, 1981).* Historians
have argued that this system was one of the main drivers of the high levels of human
capital observed in early modern China and East Asia (Rawski, 1979; Baten et al.,
2010). Yet, despite its potentially central role in fostering upward social mobility,

IThe civil service examination was institutionalized during the Song Dynasty (960-1276) and
became the primary mechanism for the selection of bureaucrats under the Ming (1368-1644) and
Qing (1644-1911) dynasties (Bai and Jia, 2016; Elman, 2000).

2The Chinese examination system existed in Japan, Korea, Ryukyu, as well as Vietnam (Liu,
2007). In later periods, France, Germany, and Great Britain adopted similar methods to select civil
officials (Teng, 1943). Modeled after these previous adaptations, the United States established its
own testing program for certain government jobs after 1883 (Huddleston and Boyer, 1996).

3In recent work, Serrato et al. (2019) argue to the contrary that perhaps despite meritocratic
intentions, it may be hard for bureaucracies to monitor and reward performance well, leading to a
persistent misreporting problem that attenuates the relationship between bureaucrat performance
and promotion.

4In order to encourage young men to sit for the civil service exam, Emperor Zhenzong of the
Song Dynasty — a well-known advocate of the system — penned a famous poem in which he asserts
that “wealth and beauty can be gained through diligent study” of the Confucian Classics (Miyazaki,
1981).
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no study to our knowledge has provided rigorous empirical evidence for the claim
that the incentives created by merit-based recruitment actually cause human capital
accumulation and improve economic outcomes.

This claim is not self-evident. The requirements for sitting a civil service exam
are often highly stringent; this often effectively restricts access to the exam to the
elite (Elman, 2000, 2009; Shiue, 2017). The exams themselves are also notoriously
difficult — typically, a very small percentage of candidates who take the exam are
actually selected to become bureaucrats.® These factors may on average dampen the
incentive to invest in human capital. On the other hand, if the system does change
human capital-related decision-making, the effects might be transformative in terms
of creating better standards of living even for those who do not ultimately join the
ranks of the bureaucracy.® In this way, public merit-based recruitment systems may
have substantial spillovers onto productivity in the private sector.

We seek to answer these questions in the context of bureaucrat recruitment in
Taiwan. The elite bureaucratic corps in Taiwan is recruited through a civil service
exam. High school completion (or a diploma equivalent) is required in order to sit
for the exam. Thus, the recruitment system creates an additional return to high
school education that is implicitly a function of an individual’s perceived probability
of success in the exam (i.e., the probability of scoring above the cutoff and joining
the elite civil service corps); the greater this probability, the higher the added return
to high school completion.

Historically, success in the exam was determined by a quota system, which had
its roots in the aftermath of the Chinese Civil War (Shiau, 2006; Hsu, 2013; Luoh,
2003). The Chinese Nationalist Party, or Kuomintang (KMT'), which ruled mainland
China in the early- to mid-20th century, was defeated by the Communist Party of
China (CPC) and ousted from power in 1949, leading to the establishment of the
People’s Republic of China. Upon defeat, the KMT fled to the island of Taiwan, but
continued to claim sole authority over all of China, despite territorial control of only

Taiwan and a few small neighboring islands (Lin, 2011).

SFor example, Bai and Jia (2016) estimate that at least 2 million men competed in each entry-level
exam for about 30,000 government posts in the mid-Qing era. In 2016, over 1.1 million candidates
competed in the Indian Civil Service Examination for just over a thousand posts. And 86,471 people
signed up for the Taiwanese Civil Service Examination in 2019, out of which 5,811 candidates were
selected.

SEven in Imperial China, where the civil service exam was essentially a test of knowledge of Con-
fucian texts, failed candidates could apply the linguistic, literary, and other skills they had acquired
by studying for the exam toward a variety of productive purposes; Elman (2000), for example, cites
cases of failed candidates becoming physicians, pettifoggers, fiction writers, and teachers.
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In part to lend legitimacy to its claim, the KMT continued allocating quotas for
successful civil examination candidates based on the 1948 population levels of the
candidates’ (mainland) provinces of origin (i.e., before the “Great Retreat”). This
method of quota allocation — along with a strictly enforced military blockade that
prevented migration — resulted in substantial variation in the probability of exam
success among residents of Taiwan. Since only those who resided in Taiwan could
— and actually did — take the civil service exam, individuals whose native provinces
had smaller fractions of the population migrate to Taiwan during the KMT’s retreat
from the mainland enjoyed less competition and larger per capita quota sizes. These
test takers were therefore more likely to score above their province of origin’s specific
cutoff and consequently to be recruited into the elite bureaucracy.

This historical quota-based system was in place until 1962, when it was abruptly
replaced with a nearly-uniform admissions system, in which the score cutoff for success
was determined by the distribution of performance across all test takers regardless
of province of origin (Luoh, 2003; Hsu, 2013; Chang, 2011).” This reform in effect
equalized the formerly disparate probabilities of success, and thus erased the differ-
ential incentives to complete high school that previously existed across potential test
takers. The reform was motivated by a public perception of unfairness, particularly
in light of the extremely low per capita representation of native Taiwanese in the civil
service (Hsu, 2013). There was no official government communication regarding this
issue prior to the the policy change.

We leverage the pre-reform variation in per capita quota sizes, along with the
sharp nature of the policy change to a nearly-uniform admissions system, to identify
the human capital and longer-term economic consequences of changing the return
to schooling. We hypothesize that if a higher chance of exam success encouraged
individuals to invest more in education (and in particular in high school completion),
we should expect that those whose native provinces enjoyed a larger number of per
capita slots would be more likely to enroll in and complete high school before, but
not after, the quota system reform of 1962.

The 1980 Taiwan Census contains detailed information on respondents’ provinces
of origin, which we use to assign quota sizes to individuals. We focus our analysis
on children who were a few years younger or a few years older than 15 at the time

of the reform, which is the age at which most students in Taiwan make the choice

"The admission is “nearly” uniform in the sense that when a province has no exam takers who
score above the cutoff, the exam taker who obtains the closest score can be granted 10 points as a
preferential treatment (out of a 100 points scale). This preferential treatment was provided to at
most one candidate from each province (Civil Service Examinations Act, 1962).
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of whether or not to enroll in high school.® We compare the impacts of quota size
on outcomes for cohorts aged 10-14, who were poised to begin high school when the
reform took place, with those of cohorts aged 16-20, who were older than the age of
high school initiation at the time of the reform. Results are robust to the choice of a
smaller window around age 15.

We find that exposure to a preferential per capita quota (and thus a higher prob-
ability of success in the civil service recruitment process) indeed changed individuals’
incentives to invest in schooling. Our estimates suggest that a one standard deviation
increase in the per capita quota size increased the likelihood of high school comple-
tion by about 1.4 percentage points for men, corresponding to a 3.9 percent change at
the mean completion rate.” Results on secondary school completion and high school
initiation are analogous to impacts on high school completion.'® College initiation
and completion also respond to preferential quotas: results show approximately the
same magnitude impacts on these outcomes as estimated for high school initiation
and completion. Impacts on human capital accumulation beyond high school com-
pletion, which was the minimum requirement for sitting the civil service exam, may
be due to the fact that a college degree enabled entry into a higher tier of the civil
service, generating additional incentives to initiate and complete college (Civil Service
Examinations Act, 1948, 1952).11

We find that the lifecycle human capital impacts of preferential quotas are sub-
stantially larger for men from more advantaged families, as proxied by father’s educa-
tion level. These heterogeneous impacts emphasize that one key mechanism through
which seemingly meritocratic admissions systems may nevertheless be discriminatory
is through the barriers — information, credit constraints, etc. — that keep disadvan-

taged students from participating and succeeding in the examination process. These

8 Average school enrollment in our sample drops 10 percentage points (21.5%) from the last year
of secondary school to the first year of high school, indicating that this age is indeed a pivotal
decision point for students with regard to continued investment in education.

9Though women were allowed to sit for the civil service exam, only about 4 percent of successful
exam candidates in Taiwan at this time were women (Statistical Yearbook of Civil Service Exam-
ination, various years). The low equilibrium presence of women in the civil service suggests that
women’s incentives to invest in schooling likely did not vary much with quota size at this time. In
addition, as will be detailed in Section 1.4, the accurate information on women’s native provinces
are not available since women were registered under their husbands’ province of origin. For these
reasons, we restrict our sample to men.

1095 percent of students who initiate high school complete it in our sample; the more meaningful
variation in decision-making is with respect to high school initiation.

'The experience of high school could also have decreased the utility cost of continuing schooling,
or generated learning about costs and/or benefits that caused individuals to revise their human
capital decisions.

76



findings echo results from work in the United States (Hastings and Weinstein, 2008;
Dynarski and Scott-Clayton, 2006; Bettinger et al., 2012).

Finally, we study impacts on longer-term labor and marriage market outcomes.
Preferential quotas increased the probability of salaried employment by 1.6 percentage
points, and changed occupational income scores by 2.7 percent. The probability of
marriage increased by approximately 4 percent. The age at marriage increased and
number of children decreased, both in fairly small amounts. Men were more likely to
marry women who had completed high school and who worked in the formal sector.
These trends point to an overall increase in labor- and marriage-related outcomes as
a result of the incentives created by the quota system.

In sum, the incentives created by preferential quotas caused substantial increases
in human capital accumulation for exposed cohorts, as well as improved long-run
economic outcomes. These changes are quite large compared to the change in the
expected probability of passing the civil service exam induced by preferential quotas.
Back of the envelope calculations show that the probability of exam success went
from 0.65% before the reform to 0.08% afterward for the average migrant from main-
land China. According to our estimates, this change in probability results in a 5.9
percentage point decline in the probability of high school initiation. This calculation
suggests either that the value (inclusive of non-pecuniary benefits) of employment
in the civil service is very high, or that human capital responses were perhaps ir-
rationally large. This finding is consistent with other work on the often very large
investment responses to changes in labor demand, particularly related to high skill
sectors (Shrestha, 2016; Khanna, 2019; Oster and Steinberg, 2013).

We seek to make two main contributions with this work. This study is the first
to our knowledge to assess whether meritocratic recruitment systems perform one of
their basic express purposes: to raise the level of human capital and alter socioeco-
nomic trajectories in the population. This channel is particularly important given the
crucial role of human capital in the process of economic growth (Becker and Woess-
mann, 2009; Squicciarini and Voigtlander, 2015; Gennaioli et al., 2012). While this
idea has been explored extensively in other academic areas, rigorous empirical evi-
dence evaluating this claim has thus far been lacking (Baten et al., 2010; Shiue, 2017;
Rawski, 1979). Our results complement previous work on the causes and consequences
of bureaucrat selection mechanisms (Xu, 2017; Rauch, 1995; Rauch and Evans, 2000;
Bai and Jia, 2016). We are also the first to provide evidence that the incentives
created by public sector recruitment systems can generate positive externalities for

private sector productivity.
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Second, basic economic theory predicts that the optimal investment in human
capital is determined in part by the return to schooling (Becker, 1967; Ben-Porath,
1967; Weiss, 1995). Simply put, the higher this return is, all else equal, the more
individuals should tend to invest in education. As self-evident as this prediction
appears, in a world rife with information frictions, credit market failures, and other
distortions, it is not clear that individuals’ education choices can and do indeed
respond to changes in the return to schooling (Abramitzky and Lavy, 2014). This
prediction has also proven elusive to test empirically, primarily because observable and
exogenous cross-sectional variation in the return to schooling, as well as sharp changes
in this return, are — with the exception of a few well-done studies — difficult to obtain
(Abramitzky and Lavy, 2014; Shrestha, 2016; Jensen, 2010). Moreover, no study to
our knowledge has credibly identified whether changing the return to schooling affects
long-run economic outcomes in addition to human capital accumulation. Our study
aims to fill these gaps in the literature.

The rest of the paper is organized as follows. Section 2.2 describes the historical
and institutional context. Section 2.3 describes the data. Section 2.4 discusses our
identification strategy and addresses threats to internal validity. Section 2.5 presents

the main results and robustness checks. Finally, section 2.6 concludes.

2.2 Context

2.2.1 Civil Service Exams in Modern China

The roots of bureaucrat recruitment through civil service examinations in China
date to the sixth century (Elman, 2000). The Chinese system is the first and perhaps
the most well-known such institution in world; indeed, the systems in use in many
countries today are modeled after the Chinese example. The current iteration of this
system was established in the 1930s under the Chinese Nationalist Party led by Chiang
Kai-shek (Hsu, 2013; Shiau, 2006). Article 85 of the Constitution of the Republic of
China stipulates the following: “Government officials shall be selected through a
system of open, competitive examination. No person shall be appointed to a public
office unless he has successfully passed such an examination” (The Constitution of
the Republic of China, 1946).2

The bureaucratic corps of the central government was recruited through a national
civil service examination. There were two examination tiers — junior (pukao) and

senior (gaokao). Successful candidates from both tiers were recruited into the Party

12Please refer to https://china.usc.edu/constitution-republic-china-1946 for further detail.
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bureaucracy. Those who passed the senior exam were appointed to more elite posts
(Civil Service Examinations Act, 1948). The number of successful candidates (i.e.,
the cutoff for admission into the bureaucracy) was governed by a constitutionally
mandated quota system, which facilitated balanced per capita representation at the
province level. For both the junior and senior examinations, quotas were allocated to
38 provinces based on their population size according to the most recent census (Hsu,
2013; Luoh, 2003; Chang, 2011). Figure 2.1 depicts the relationship between quota
size and population (in millions) for the case of the 1948 census.'® Each black dot
represents a province; the line of best fit through these points (obtained via OLS) is
drawn in grey. As is clear from this figure, the R? of population is nearly 1, and the
slope of the line is also equal to 1, meaning that each additional million population
per province generates one extra bureaucrat selected from that province. This figure
also underscores the highly selective nature of the process — that is, very few ordinary
citizens are successful in being recruited into the bureaucracy.

Exam success was associated with substantial social and economic benefits. First,
it ensured a prestigious and stable government job, which was especially valuable
during periods of high uncertainty in the labor market generated by wartime. Wages
were substantially higher for government employees compared to work in the private
sector (Liu and Liu, 1988). Additional benefits were also more generous, including
free health care, free education for children, and additional allowances and pensions
(Lin, 2012). In addition to these, being a government official in a one-party state
likely provided access to hidden income and additional economic opportunities, not
only to bureaucrats themselves but also to their families and social networks (Li et al.,
2012; Fang et al., 2019; Do et al., 2017).!* Finally, Confucian norms assert that the
most talented members of society can contribute to the greatest degree by working
for and being loyal to the government. In keeping with these norms, elite government
positions per se are associated with substantial social value (prestige, honor, etc.)

(Wang, 2013).

2.2.2 Chinese Civil War and the Great Retreat

The government of the Republic of China, led by Chiang Kai-shek and the KMT,
had fought intermittently with Mao Zedong’s CPC since 1927. The end of World War

13Quota sizes are the same for junior and senior examinations. Here we depict the quota size for
one examination.

4Notably, in Imperial China, clans often pooled resources to support promising individuals from
poor families to take the civil exam, with an expectation of favorable treatment in the case an
individual succeeded in becoming a bureaucrat (Wang, 2013; Bai and Jia, 2016).
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IT and the defeat of Japan in the second Sino-Japanese War served to intensify this
conflict, fueled in part by a proxy war between the Soviet Union, which supported the
CPC with munitions and access to newly liberated territory, and the United States,
which provided support to the KMT. The CPC’s relative position grew rapidly during
this immediate post-war period, leading to several successful military campaigns.
By April 1949, the CPC had captured Nanjing, the KMT-led government’s capital
city. On October 1, 1949, Mao officially established the People’s Republic of China,
proclaiming the CPC’s sovereign authority over mainland China. Chiang and the
KMT government, along with over one million troops and civilians, were forced to
flee to the island of Taiwan, in what is now known as the Great Retreat (Lin, 2011;
Yap, 2018). The KMT-led government in exile (with help from the United States)
immediately set up a military blockade in the Taiwan Strait, which was very strictly
enforced until the mid-1970s. Among other things, this meant that there was virtually
no immigration to or emigration from Taiwan during this period (Statistical Abstract
of the R.0.C., 1974).15

From its seat in Taipei, the KMT continued to assert its claim as the sole le-
gitimate government of mainland China, despite having territorial control of only
Taiwan and several small neighboring islands. In a bid to signal this legitimacy,
the government continued allocating civil exam quotas to each mainland province
based on the province’s population in 1948 (just before the Great Retreat). This
meant that while the quota system “fairly” represented province populations prior
to the Great Retreat, to the extent that the provinces were unequally represented in
the population who had fled the mainland in 1949, the system allocated dispropor-
tionately favorable quotas to migrants from underrepresented provinces. Note that
native province of family members of migrants was determined by the province of ori-
gin of the male head of household — i.e., children were registered under their father’s
province of origin, regardless of their own place of birth; women were registered under
their husbands’ province of origin. This practice continued until 1992, at which time
individuals’ province of origin stopped being recorded, in part due to the intention of
the Taiwanese government to solidify a separate national identity (Wang, 2005).

Appendix Table 2.10 reports the number and proportion of people migrating from
each mainland province to Taiwan. As is evident from the table, there is substan-
tial variation in terms of migrant size and proportion across provinces. For instance,

Fujian, a mainland province situated directly opposite the island of Taiwan, had the

15The total number of migrants between Taiwan and mainland China was under 5000 in almost
every year from the mid-1950s through the 1970s (Francis, 2011).
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largest fraction of the population migrate (17,734 per million). In contrast, Anhui,
an inland province, sent 1,986 migrants per million population to Taiwan. The 23
provinces with the smallest fractions sent on average only 346 migrants per million
population. Figure 2.2 demonstrates the fraction of migrants to Taiwan in 1949 orig-
inating from each mainland Chinese province, with darker shades indicating larger
fractions. One takeaway from this figure is that while distance to Taiwan certainly
played an important role in determining the intensity of Great Retreat migration, it
does not entirely explain the observed pattern. Coastal areas proximate to Taiwan,
which were areas occupied later by the CPC, sent more migrants to Taiwan. North-
west China, a CPC stronghold far from Taiwan, saw little migration during the Great
Retreat. But inland areas of South China exhibit substantial variation in migrant
shares.

In sum, individuals whose native provinces had smaller fractions of people who
migrated to Taiwan enjoyed less competition and larger civil exam quotas per capita
(Appendix Table 2.10). These individuals were therefore more likely to succeed in the
exam and be recruited as government officials. Notably, native Taiwanese suffered
the most from this unequal allocation system, as the military blockade ensured there
were few Taiwanese migrating to mainland China.

Because the formal sectors of the economy were underdeveloped in Taiwan in
this period, and because the national civil service examination provided an unusual
opportunity to enter the elite bureaucrat class (which, as discussed earlier, proffered
substantial pecuniary and non-pecuniary benefits), residents did indeed take part in
the civil exam system.!® From 1950 to 1970, a total of 221,067 residents registered
for the examinations; 16,577 of these candidates succeeded, an average success rate
of approximately 7.5% (Statistical Yearbook of Civil Service Examinations, various
years).

A high school diploma or equivalent (tong deng zue li) was required in order to sit
for the junior examination. High school graduates with three years of experience in
the civil service and college graduates were additionally eligible to sit for the senior
examination (Civil Service Examinations Act, the Republic of China (Taiwan), 1948,
1952). Of the 16,577 successful exam candidates between 1950 and 1970, 94 percent
had a high school diploma and the remaining 6 percent had the test-based equivalent

(Statistical Yearbook of Civil Service Examinations, various years). In our main

16 According to the 1956 Population Census, only 51.7% of the working-age population (aged 15—
64) had a job at the census time. Among those who had a job, only 21.2% worked in a formal private
sector. Meanwhile, the government was a significant job provider; 15.5% of the workers worked in
the public sector.
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analysis, we focus on the decision to invest in a high school education, because this
is the minimum requirement for taking (both the junior and the senior) civil service
exam. Using the civil exam reform described in the next subsection, we test whether
individuals who enjoyed larger per capita quota sizes are incentivized to complete
higher school. While women were de jure eligible to take the civil service exam, de
facto very few women actually did, particularly during the period we study (both in
mainland China and Taiwan). Women accounted for about 4 percent of successful
exam candidates in Taiwan during our sample period; this ratio was fairly stable until
the Taiwanese Women’s Movement in the early 1970s (Ku, 1988).

2.2.3 Civil Exam Reform of 1962

This quota-based admission system remained in place for more than a decade,
until 1962, at which time the Taiwan government abruptly replaced it with a nearly
uniform admissions system. The main motivation for this change was backlash caused
by the unfair treatment of native Taiwanese, whose quotas were substantially smaller
than those of migrants and their families. The score cutoff for admission into the civil
service was, after 1962, set based on the performance of all exam takers, rather than
set separately by native province (Hsu, 2013).

The one exception to this rule was that the cutoff score was lowered by ten points
(out of a 100 points scale) for exam takers from native provinces from which no exam
participant cleared the national cutoff. In addition, the lowered score cutoff could
apply to at most one exam participant per province (Civil Service Examinations Act,
1962). Therefore, the amendment of the Civil Service Examinations Act in 1962 in
effect equalized the formerly disparate probabilities of success, and thus erased the
differential incentives to complete high school that previously existed across potential
test takers.

The government did not disseminate any information about the new system prior
to the policy change, and there was no other change to the civil exam process made
concurrently with the change to uniform admissions. Taken together, these facts
suggest that the change was unexpected and that studying decisions around this
pivotal year can help us understand the impacts of the exam quotas on human capital

investment and ensuing labor market outcomes.
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2.3 Data

2.3.1 Data Sources and Variable Construction

Our main analysis combines province-level data on per capita quota size with
the universe of data from the 1980 Taiwan Population Census, which is the earliest
population census data available at the individual level in Taiwan. The Census was
carried out by the Ministry of Interior in conjunction with the Population Census
Office of the Executive Yuan of Taiwan. It covered all nationals and foreigners who
had been living in Taiwan and its nearby islands (Kinmen and Matsu) for 6 months or
more at midnight on a designated “census night,” totaling 18,029,798 individuals. The
1980 Census is conducted by “personal interview,” containing detailed information on
gender, date of birth, place of residence, native Chinese province (benji), educational
attainment (highest level attended and completed), marital status, age at marriage
and number of children for married women, and employment status (industry and
occupation).

We match this census data to data on quota size based on individuals’ provinces
of origin. Province of origin, or native province, is legally defined as the patrilineal
home province of each respondent, which means that children’s native provinces are
inherited from their fathers, regardless of their own birth places (Household Reg-
istration Law, 1954).17 For example, a resident whose father is a migrant from a
mainland province would be registered under that mainland province as the native
province, even if she were born in Taiwan. In contrast, women’s (legally designated)
native provinces could change throughout their life course (Luoh, 2003). For in-
stance, women could legally change their native provinces to their husbands’ native
provinces after marriage.'® Data from the 1980 census suggest that this practice was
fairly common: 92.8% of married women reported the same native province as the
male household head (though some of this may be assortative mating by province of
origin, as well). Women could also revert back to their original native provinces after
a divorce.!?

Due to the lack of accurate information on women’s native provinces and women’s
vastly underrepresented role in civil service during the sample period, in our main

analysis we restrict our sample to men.?’ In order to minimize potential confounding

17 Article 17, Household Registration Law of the R.O.C. (Taiwan), 1954.

18 Article 17, Household Registration Law of the R.O.C. (Taiwan), 1954.

19 Article 18, Household Registration Law of the R.O.C. (Taiwan), 1954.

20As noted earlier, women only accounted for 4 percent of the successful exam candidates from
1950-1970.
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2l we further restrict our attention to a relatively

factors from later policy reforms,
small window of birth cohorts, specifically, those aged 10-20 in the year of the reform
(i.e. born between 1942 and 1952). These individuals are several years younger and
older than the high school initiation age at the time of the reform. In addition, they
are between 28 and 38 years old in the census year and thus have already completed
education and have entered the labor market. These restrictions leave us with a
sample size of 1,328,049.

One disadvantage of the 1980 Census is that it does not specify relationships (e.g.
parent, spouse) between household members. In order to obtain controls for parental
characteristics, we define a respondent’s father to be the oldest male in the household
who is 1840 years older than that respondent. Under this definition, there are a total
of 344,366 male respondents who are successfully linked to their fathers.?? Finally,
we drop 18 respondents for which the native province is missing and obtain a sample
of 344,318 male respondents. This constitutes the primary sample used in empirical
analysis.

The 1980 Taiwan Census also contains information on 3-digit occupations of work-
ing respondents. We use two [PUMS variables to proxy income by occupation,
namely, the Occupational Status Score and Occupational Income Score. Both vari-
ables are average indicators by 3-digit occupational categories that were calibrated
using data from the 1950 US Population Census. The occupational income score
is the average by occupation of all reported labor earnings (Bleakley, 2007). The
occupational status score is instead the average of “social standing” evaluated by
respondents in a series of surveys for each occupation (Siegel, 1971).2% Both variables
are calculated and made available by IPUMS (Ruggles et al., 2019).

In order to study the effect of preferential quotas on marriage and other family
outcomes, we define a (married) respondent’s female partner to be a uniquely-matched
married woman in the household who is 0-5 years younger or older than the respon-
dent. A total of 162,736 male respondents in our sample are successfully matched to
female partners in this manner. We then calculate the age at marriage and number
of children for all matched male respondents.

Data on quotas allocated to each province are obtained from the Statistical Year-

21The extension of compulsory schooling from 6 to 9 years in 1968 (Chou et al., 2010), for instance.

22Using alternative age ranges yields similar results.

23 Another commonly used income proxy is the Duncan Socioeconomic Index, which is a weighted
average of earnings and education among males within each occupation (Duncan, 1961). We do not
report results for this index since we already have separate measures for educational attainment.
However, the results are similar when using the Duncan socioeconomic index; results available upon
request.
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book of Civil Service Examinations (Kaozxuan Tongji Nianjian), published by the
Ministry of Examination of Taiwan in 1956. For descriptive purposes, we also collect
data on the composition of exam candidates from this source for various years. Data
on migrant populations from each mainland province are obtained from the Report on
the Population Census of Taiwan, 1956 (Zhonghua Minguo Hukou Pucha Baogaoshu,
1956). The 1956 Census is the first population census conducted in Taiwan after the
KMT government relocated to the island. We define per capita quota size to be the
size of quotas allocated to each province divided by its population size in Taiwan in
1956.24 To show that the quotas allocated to each province were indeed proportional
to its population in 1948, we also collect data on provincial populations in 1948 from
the Yearbook of the Republic of China (Zhonghua Minguo Nianjian), published in
1951 by the Ministry of Budget, Accounting and Statistics.?

2.3.2 Summary Statistics

Summary statistics on our variables of interest and principal controls for the pri-
mary sample (ages 10-20 at the time of the reform) are presented in Table 2.1.
Respondents aged 6 years or above at the time of the census were asked a two-part
question, in which respondents were asked to report the highest level of schooling they
had attended, and whether or not they had completed that level of schooling. 48.1%
of the sample had completed secondary school, but only 37.8% had ever initiated /
attended high school. However, once high school was initiated, the vast majority of
these students (95%) completed it. Together these statistics suggest that the most
meaningful variation in this context is with respect to high school initiation. The
college enrollment rate is 16.6%), and the rate of college graduation is 16%.

At the time of the census, sample respondents were aged between 28 and 38.
94.9% of the (male) sample were working, among whom 58.6% were working in a
formal sectors position. The occupational income score ranges between 4 and 80,
with an average of 23.1. The occupation status (prestige) score ranges between 12.4
and 81.5, with an average of 32.9. 74% of the sample have ever been married and
the average age at marriage is about 25. Respondents had about 2 children. 21.8%
of female partners had completed high school, and 26% were working in 1980.

8.8% of our sample are migrants or the descendants of migrants originating from

mainland Chinese provinces. The fraction of migrants in this sample is lower than

240ur results are robust to the use of male population size, instead of total population size, as the
denominator.

25The predecessor of the current Directorate-General of Budget, Accounting and Statistics of
Taiwan.
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that in the 1956 Census, where male migrants accounted for 12.5% of total male pop-
ulation. This is consistent with the fact that a disproportionate number of migrants
are at prime ages. The statistics also show that there is considerable variation in per
capita quota size across sample respondents; while the average quota is only about
56 per million, the standard deviation is roughly 1,164. The quota-induced variation
in the probability of exam success, together with the variation induced by the 1962
exam reform, creates a unique opportunity to test whether better access to elite gov-
ernment posts actually incentivizes individuals to invest in education. We detail the

estimation strategy and the empirical findings in the next section.

2.4 Identification Strategy

We identify impacts of preferential civil exam quotas by focusing on cohorts mak-
ing the key decision to enter high school around the time of the 1962 reform. The
intuition for our empirical strategy is that prior to the reform, students from na-
tive provinces that had particularly preferential exam quotas may have been differen-
tially incentivized to pursue high school education compared to students whose native
provinces had less preferential quotas, since high school completion (or a test-based
equivalent) is required to sit for the exam. After the reform, this incentive would
have been equalized given the change to a uniform score cutoff for admissions. We
then make use of cohort differences based on the idea that the cohorts for which the
change mattered the most in terms of high school initiation were those who were just
finishing secondary school and deciding whether to enter high school. For slightly
older cohorts, since that key time in which to decide whether to continue schooling
had passed, the impact of the quota system change on schooling would be small.
Since the prevailing age of high school initiation is 15 in Taiwan, in our main anal-
ysis we compare cohorts aged 10 to 14 at the time of the reform to cohorts aged 15
to 20 at the time of the reform.?® Another advantage of this sample restriction is
that all of the cohorts we analyze grew up on the island of Taiwan. Even migrants
from the oldest cohort (those born in 1942) would have arrived in Taiwan at age 7.
This equalizes the environment to a certain degree — all students were part of the
same educational system, which mitigates potentially confounding effects of different
socioeconomic conditions across native provinces.

As a robustness check, we also restrict attention to a smaller window of cohorts

26Compulsory schooling requires that children enroll in primary school by age 6. The majority of
students thus complete secondary school at age 15.
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aged 12 to 17 at the time of the reform, and results are essentially unchanged. This

difference in differences strategy is summarized in the estimating equation below:

Yipe = a + 8 X InQuota, X Old. + v X X + Aj + e + €ipe

Here, Y;,. represents either human capital investment (e.g., a dummy for high school
initiation) or a labor market outcome for individual 4, from native province p, born
in year c¢. InQuota,, is the log of per capita quota size for residents from province p;
Old. is an indicator for cohorts aged 15 or older in the year of the reform. Native
province and (year-by-year) cohort fixed effects absorb the main effects of these two
variables, and thus the coefficient S on the interaction term identifies the differential
effects of preferential quotas. Standard errors are clustered at the province of origin
level.

Also included (in X) are district of residence fixed effects, as well as father’s
education level and its interaction with Old.. If provinces with smaller per capita
quota sizes also had relatively lower educational attainment, their education levels
might have grown at faster rates due to a catch-up effect, leading to an upward bias
of the estimated effects of preferential quotas. Notably, native Taiwanese, who had
the smallest per capita quota size, were less educated than the average migrant. To
account for the potentially different trends based on initial education, we control
for the fathers’ years of schooling and allow it to have different effects for older
and younger cohorts. District of residence fixed effects are further included in some
specifications in order to account for regional variation in education resources.

Figure 2.3 provides some preliminary evidence in support of this identification
strategy. In this figure, we use data from the 1980 Census of Taiwan to plot the
proportion of each cohort between ages 12 and 20 who has ever attended (initiated)
high school and who is currently attending high school (i.e., in 1980). Both patterns
suggest that the majority of Taiwanese students initiate high school at the age of 15.
Of those aged 14 in 1980, only 0.8% had ever attended high school. This proportion
increases sharply to 35.7% for 15 year-olds, and then remains at roughly this number
for cohorts aged 16 and older. The proportion of each cohort attending high school
experiences a similar discrete jump at age 15. Additionally, the graph shows that the
majority of high school students leave school at age 18. While 50% of those aged
17 are attending high school, this proportion drops to 26% for age 18 and further to
9.6% for age 19.
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2.5 Results

We report results first on human capital investment, followed by labor market

outcomes, and finally family- and partner-related outcomes.

2.5.1 High School Initiation

The decision to start high school is perhaps the most salient margin on which the
quota change is hypothesized to have impacted schooling investment. Specifically, if
the policy change to a uniform quota system did indeed affect human capital invest-
ment, this impact should have been largest for cohorts just under age 15 at the time
of the change, given that 1) high school completion is required to sit for the exam,
and 2) the evidence shown above on the timing of choices regarding initiating high
school.

Table 2.3 reports impacts of preferential civil exam quotas on high school initia-
tion. For ease of interpretation, in all tables reporting regression coefficients we have
divided the log quota by its standard deviation, so that the coefficient can be inter-
preted in terms of standardized units. (Whenever the quota level is used instead of
the log of the quota, this variable has also been standardized.) Across specifications,
we find that a larger per capita quota significantly increases the probability of high
school initiation. The estimated coefficients are statistically significant at the 1%
level and remain stable in size across specifications (Columns 1-3). The estimates are
also robust to the use of quota level instead of log quota (Columns 4-6) as the key
explanatory variable. The estimated effects of preferential civil exam quotas on high
school initiation are economically meaningful in magnitude. A one standard devia-
tion increase in per capita quota size, which is about 1.2 slots per 1,000 population,
leads to a 1.7-2.1 percentage point increase in the likelihood of high school initiation,
corresponding to 4.5-5.5 percent of the sample mean.

To further understand the magnitude of this response, we translate the quota
values into an approximate probability of exam success. We study the change (post-
compared to pre-reform) in the average probability of exam success for migrants, who
on average enjoyed highly preferential quotas prior to the reform. A back of the enve-
lope calculation shows that the probability of exam success went from 0.65% before

the reform to 0.08% afterward for the average migrant from mainland provinces.?”

2"We use data from 1956 to calculate the pre- and post-reform probabilities of exam success. We
assume that all men aged 20-29 take the civil service exam. The pre-reform probability is calculated
by diving the migrant quota size by the number of (potential) migrant candidates. The post-reform
probability is the total quota size divided by the total number of potential candidates.
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According to our estimates, this change in probability results in a 5.9 percentage
point change in the probability of high school initiation (Appendix Table 2.11). This
calculation suggests either that the value (inclusive of non-pecuniary benefits) of
employment in the civil service is very high, or that human capital responses were
perhaps irrationally large, as has been demonstrated in other settings (Shrestha, 2016;
Khanna, 2019; Oster and Steinberg, 2013). To show the time path of these effects,
we estimate a more flexible specification in which the per capita quota is interacted
with (round year-specific) age dummies. The results are reported in Figure 2.4. This
figure shows several important things. First, pre-trends are parallel, and the level
difference in high school initiation prior to the reform (for older cohorts) is also ap-
proximately zero. These results help to validate the difference in differences strategy
we employ. Second, impacts on high school initiation appear immediately and are
fairly stable across younger cohorts (showing a slight but statistically undetectable
increase in impact size from ages 14 to 10). This finding is consistent with the idea
that the impact of changing the quota system on the decision to continue to high
school should be internalized in the same way for all exposed cohorts.

We then conduct several robustness checks to test the sensitivity of these main
results to the changing sample and specification. Table 2.4 replicates the analysis
from Table 2.3 but using a smaller window of cohorts, ages 12-17. Impact estimates
are slightly smaller (though not statistically so) than in the baseline analysis, but
remain significant and stable in magnitude across all specifications. In Appendix
Table 2.11, we replace the quota variable with a dummy for migrants from mainland
provinces. We find that, the reform reduces the gap in high school initiation rate
between migrants and native Taiwanese by about 12%.

Next we perform checks related to the potential for unobservables correlated with
the size of province-level migrant populations (which is a determinant of the extent
to which quotas were preferential). As described in Section 1.2, the fraction of mi-
grants originating from mainland provinces was (among other things) a function of
1) geographical proximity to Taiwan, and 2) the order in which each province was
occupied by the Communist Army. To control for the potentially differential trends
among far-away and close-by provinces, in Panel A of Appendix Table 2.12, we add
the straight-line distances between each province and Taiwan, interacted with the
dummy for older cohorts as a control variable. Here, the distance variable is defined
as zero for Taiwan. To control for the differences between provinces occupied early
vs. late, in Panel B of Appendix Table 2.12, we add the order of occupation for each

province, interacted with the dummy for older cohorts as a control variable in all
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regression models. (The order of occupation for Taiwan is obviously top-coded since
it has never been occupied by the Communist Party government). The results of this
analysis show that the estimated effects are similar to our baseline results both in
size and precision.

As noted earlier, native Taiwanese suffered the most from the quota-based admis-
sion system and had the smallest per capital quota size for the civil service exams.
Meanwhile, they might also be systematically different from migrants in other aspects.
If their educational attainment follows a different trend than that of the migrants, the
estimated effects of quota on educational attainment might be biased. To alleviate
this concern, in Appendix Table 2.13, we exclude all native Taiwanese from our sam-
ple and estimate the main specifications using variation across mainland provinces
only. We find that the estimated effects are largely unaffected. Under the baseline
specification, the estimated coefficient is statistically significant at the 1% level, in-
dicating that a one standard deviation increase in per capita quota size increases the
likelihood of high school initiation by 1.6 percentage points. The estimates are ro-
bust to the use of quota level instead of the log quota as the explanatory variable,
and remain statistically significant after we include the full set of controls. The find-
ings suggest that the effect of preferential civil exam quotas on high school initiation
are not fully driven by the differences between native Taiwanese and migrants from

mainland provinces.

2.5.2 High School Completion

Next we study impacts of preferential quotas on high school completion. That
is, we ask, to what extent did the increased rate of high school initiation as a result
of preferential per capita quota lead to successful completion of high school (and
thus actual eligibility for the civil service exam)? We estimate the same regression
equation as before but with a dummy for high school completion (unconditional on
having entered high school) as the dependent variable.

Results are reported in Table 2.5. We find that preferential quotas do indeed have
a significant effect on high school completion — a 1.4 percentage point increase — and
that this effect is nearly as large as the impact on high school initiation. Results
are shown using a window of cohorts from 10 to 20 as well as from 12 to 17; results
when using the 12 to 17 window are slightly smaller but still statistically significant.
Overall the findings suggest that the increase in high school initiation generated by
preferential quotas has been largely carried through to high school completion.

To study the time path of effects, we again plot coefficients on the interactions of
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(year-by-year) age dummies with the log of per capita quota size. These results are
shown in Figure 2.5. Reassuringly, again we find stable pre-trends around 0 in older
cohorts, and fairly rapid convergence (within two cohorts) to a stable quota effect for

younger cohorts.

2.5.3 Lifecycle Human Capital Investment

Next we examine other human capital accumulation outcomes that may have been
affected by the preferential quota system, namely, secondary school completion (for
younger students who forecasted the relatively larger return to high school), college
initiation, and college completion. The latter two outcomes were not requirements
for sitting the civil service exam, but may have been affected by preferential quotas
through several channels. First, a college degree enabled applicants to gain access
to the “senior” (more elite) tier of the bureaucracy; thus preferential quotas could
have created additional incentives to initiate and complete college education to gain
access to this tier. Second, the experience of high school could have decreased the
disutility of schooling such that continuing on to college would be less marginally
costly. Third, initiating high school could have spurred more learning about the costs
and/or benefits of schooling, which may have caused students to decide to revise
their decisions about human capital accumulation. Through all of these channels it
is possible that college education outcomes could have changed as a result of access
to preferential quotas.

We report the results of these analyses — along with the previously reported im-
pacts on high school initiation and completion — in Table 2.6.2% We find that sec-
ondary school completion, college initiation, and college completion all respond to
preferential quotas. The largest response is for completion of secondary school. Col-
lege initiation and completion increase as well, each by about 1 percentage point (or
about 5 percent at the mean) in response to a one standard deviation change in the

log quota.

2.5.4 Heterogeneous Effects by Father’s Education

We focus on one important dimension of heterogeneity in the impacts of prefer-
ential quotas: father’s education level, a proxy for socioeconomic status. Ostensi-

bly meritocratic admissions systems around the world have long been criticized for

28Throughout the remainder of the paper we report results using specification I (corresponding
to columns 1 and 4 of Table 2.3); all results using specification III are reported in Appendix Table
2.14-2.16 and are robust to the inclusion of the additional controls used in this specification.
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the barriers that prevent potentially high-achieving but disadvantaged students from
gaining the same access as their more advantaged peers. For example, disadvantaged
students might have less information about the exam’s requirements or the probabil-
ity of success; or greater credit or time constraints may prevent these students from
preparing adequately for the exam. This would dampen the schooling response to
changing quota incentives for disadvantaged students. Studying the extent to which
this is true in the Taiwanese context offers insights into the meritocratic nature of
bureaucrat recruitment in this case.

We construct a dummy for father’s education level being less than the median, and
interact this dummy with the difference in differences variables used in the baseline
analysis (a dummy for age greater than 14 at the time of the reform, In(Quota), and
the interaction of these two). We show coefficient estimates for the double difference
interaction and the triple interaction term (interaction with the dummy for below
median father’s education). Results are reported in Table 2.7. Across a variety of
lifecycle schooling investment measures, we find muted responses (about one third
smaller) for children of lower socioeconomic status, suggesting that meritocracy, as it

is in many contexts, appears to have been imperfectly meritocratic in Taiwan.

2.5.5 Long Term Effects on Labor Market and Family Outcomes

Finally, we study impacts of preferential quotas on longer-term labor market and
family outcomes. The hypothesis tested here is that the human capital investment
generated by preferential quotas may have had returns in the labor and marriage
market. We begin by looking at labor market outcomes in the census.

Results are reported in Table 2.8. Column 1 shows impacts on employment; we
find a fairly precisely estimated 0 effect here, perhaps because there is little room for
growth here — nearly 95 percent of the males in our sample are employed. Column 2
reports results on salaried (i.e., formal sector) employment, which accounts for about
60% of employment. Here we find a 1.6 percentage point increase (or 2.7 percent)
as a result of preferential quotas. This is in part driven by differential occupational
choice. In columns 3 and 4 we report results for two commonly used scores — Siegel’s
occupational status (or prestige) score (Siegel, 1971; Borjas, 1992) and occupational
income score from IPUMS (Bleakley, 2007; Ruggles et al., 2019). These measures both
improve as a result of preferential quotas: occupational status increases by about 2
percent, and occupational income increases by about 2.6 percent. Once again, the
estimates are similar both in magnitude and significance level after the inclusion

of additional controls, as shown in Appendix Table 2.15. This evidence suggests
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that there is indeed a labor market return to the additional schooling spurred by
preferential quotas.

We then examine impacts of preferential quotas on marriage- and family-related
outcomes. The idea here is that better education and labor market outcomes may
have had returns in the marriage market, and may have influenced choices regarding
marriage timing and fertility. Results of this analysis are reported in Table 2.9.
Column 1 reports impacts on a dummy for whether the individual was ever (or is
currently) married; we find that preferential quotas resulted in a 3.2 percentage point
(or 4.3 percent at the mean) increase in the probability of marriage. Column 2 reports
age at marriage. Here we find a precisely estimated positive impact — the coefficient
is statistically significant and slightly less than 0.3 years; that is, the age at marriage
was delayed on average by 3.6 months. Column 3 shows results for number of children.
Once again, we find a precisely estimated impact: quotas decreased fertility by about
5 percent at the mean.

Column 4 reports results for female partners’ high school completion rate. This
is meant to shed light on a key question regarding marriage market impacts: do
men with higher rates of high school and college completion, who have better labor
market outcomes, match with better educated partners? The results suggest this is
the case: wives’ high school completion rate increases due to preferential quotas by 2
percentage points, a large increase of 9 percent at the mean.

Columns 5 and 6 investigate female partners’ labor market outcomes, looking
specifically at total employment and formal sector employment, respectively. De-
spite the fact that there is quite some room for growth in female employment in this
context (the mean is 26.2 percent) we see small impact estimates precisely bound
around 0. Conditional on having a job, we find that preferential civil exam quotas
increased the likelihood of wives’ formal employment by 3.4 percentage points (or
5.9 percent). Estimates in Column 7 and 8 echo this finding, suggesting a roughly 3
percent increase in wives’ occupational status and occupation income due to prefer-
ential quotas. Overall, the findings point to positive assortative mating by social and

economic status.

2.6 Conclusion

This study provides what is to our knowledge the first empirical answer to the
question of whether meritocratic recruitment systems for bureaucrats accomplish one

of their main intended purposes: to raise the level of human capital investment and
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ultimately the standard of living of the citizenry. We do this in the context of a unique
natural experiment, in which the government of Taiwan allocated highly preferential
quotas to migrants from mainland China in the decades following the Great Retreat,
only to abruptly abandon this policy and replace it with a uniform quota system in
the early 1960s. We use a difference in differences strategy that exploits the timing
of the reform and differences in the preferential nature of the quotas by individuals’
provinces of origin to estimate impacts on human capital levels and labor market and
family outcomes.

The resulting changes in incentives for human capital accumulation (given that
a high school degree was required to sit for the civil service exam) along with the
high perceived benefits of joining the government bureaucracy generated a substan-
tial human capital response to preferential quotas. Labor market outcomes, partner
choice, and family outcomes respond as well. These impact estimates suggest that
preferential quotas had substantial positive effects on standards of living, despite the
fact that most candidates who compete for bureaucratic posts are unsuccessful.

In addition to demonstrating that meritocratic recruitment can indeed meaning-
fully affect human capital investment, the evidence presented here contains several
lessons for policymaking. Preferential quotas are often used as a policy tool for af-
firmative action that allows for explicit targeting of disadvantaged groups based on
observable characteristics. Our results suggest that this form of targeting, while it
might be politically challenging (as the historical episode we analyze makes clear), is
highly valuable for the targeted population in that the incentives generated by pref-
erential quotas are internalized by the target group, and outcomes correlated with

overall standards of living (labor force participation, income, etc.) respond positively.
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2.7 Tables and Figures

Table 2.1: Summary Statistics

Whole Sample Exposed Unexposed
VARIABLES {344,318} {99,014} {245,304}
(1) (2) (3)
FEducational Outcomes

Secondary school completion 0.481 0.391 0.517
(0.500) (0.488) (0.500)
High school initiation 0.378 0.287 0.414
(0.485) (0.452) (0.493)
High school completion 0.359 0.272 0.394
(0.480) (0.445) (0.489)
College initiation 0.166 0.117 0.186
(0.372) (0.322) (0.389)
College completion 0.160 0.113 0.180
(0.367) (0.317) (0.384)

Labor Market Outcomes

Currently working 0.949 0.957 0.946
(0.220) (0.203) (0.226)
Salaried employment 0.586 0.516 0.615
(0.492) (0.500) (0.487)
Occupational Income Score 23.10 21.81 23.63
(10.71) (10.82) (10.61)
Occupational Status Score 32.866 31.47 33.44
(12.97) (12.99) (12.92)

Notes: This table reports summary statistics for the sample of males aged 10-20 at the time
of the reform, and for the exposed (aged 15-20) and unexposed exposed cohorts (aged 10-14)
separately. Standard deviations appear in parentheses.
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Table 2.2: Summary Statistics (cont.)

Whole Sample Exposed Unexposed
VARIABLES {344,318} {99,014} {245,304}

(1) (2) (3)

Family Outcomes

Ever married 0.743 0.846 0.701
(0.437) (0.361) (0.458)
Age at marriage 24.82 24.79 24.83
(3.114) (3.538) (2.908)
Number of Children 2.132 2.877 1.805
(1.611) (1.640) (1.484)
Wife has a high school degree 0.218 0.150 0.247
(0.413) (0.357) (0.431)
Wife is currently working 0.262 0.289 0.250
(0.440) (0.453) (0.433)
Wife is a salary earner 0.570 0.460 0.626
(0.495) (0.498) (0.484)

Explanatory Variables

Quota per million 55.99 37.72 63.37
(1,164) (392.0) (1,356)
log Quota per million 0.673 0.536 0.728
(1.627) (1.398) (1.708)
Migrant status 0.088 0.064 0.097
(0.283) 0.244 (0.296)
Father’s years of schooling 5.223 4.415 5.549
(4.219) (4.127) (4.212)

Notes: This table reports summary statistics for the sample of males aged 10-20 at the time
of the reform, and for the exposed (aged 15-20) and unexposed exposed cohorts (aged 10-14)
separately. Standard deviations appear in parentheses.
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Table 2.3: Effects of Preferential Quotas on High School Initiation, ages 10-20

High School Initiation
(1) (2) (3) (4) () (6)

Age,s x In(Quota) O17*** 017FFF 016%+*
(002)  (.003)  (.003)

VARIABLES

Age,s x Quota 021%** 017*%*%  .017**
(.006)  (.007)  (.007)

Observations 344,318 344,318 344,318 344,318 344,318 344,318
R-squared 105 226 .256 105 226 .256
Mean of dep. 378 378 378 378 378 378
Specification I II 111 I II 111

Notes: The dependent variable is an indicator that takes the value 1 if an individual has
ever attended (initiated) high school. Sample includes males aged 10-20 in the year of
the reform 1962. Specification I controls for province of origin fixed effects and cohort
fixed effects; specification II additionally controls for father’s education and its interaction
with an indicator for older cohorts; specification III further includes district of residence
fixed effects. In(Quota) and Quota are both standardized, such that the coefficients can
be interpreted as impacts resulting from a one standard deviation change in per capita
quota size. Robust standard errors clustered by province of origin appear in parentheses
(***p<0.01, **p<0.05, *p<0.1).
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Table 2.4: Effects of Preferential Quotas on High School Initiation, ages 12-17

High School Initiation
(1) (2) (3) (4) (5) (6)

Age,; % In(Quota) OLOFFF 1200k (1 1%F
(.002)  (.003)  (.003)

VARIABLES

Age,; x Quota 016%F%  015%%  015%*
(.006)  (.006)  (.006)

Observations 170,201 170,201 170,201 170,201 170,201 170,201
R-squared .097 223 .255 .097 223 .255
Mean of dep. .361 .361 .361 .361 .361 .361
Specification I II II1 I II 111

Notes: The dependent variable is an indicator that takes the value 1 if an individual has
ever attended (initiated) high school. Sample includes males aged 12-17 in the year of
the reform 1962. Specification I controls for province of origin fixed effects and cohort
fixed effects; specification II additionally controls for father’s education and its interaction
with an indicator for older cohorts; specification III further includes district of residence
fixed effects. In(Quota) and Quota are both standardized, such that the coefficients can
be interpreted as impacts resulting from a one standard deviation change in per capita
quota size. Robust standard errors clustered by province of origin appear in parentheses
(***p<0.01, **p<0.05, *p<0.1).
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Table 2.5: Effects of Preferential Quotas on High School Completion

High School Completion

VARIABLES Cohorts 10-20 Cohorts 12-17
(1) (2) (3) (4) (5) (6)
Age,; x In(Quota) O14%%% [ Q15%k - 014%%* 0074 009%**  009***
(.002) (.003) (.003) (.002) (.002) (.002)
Observations 344,318 344,318 344,318 170,201 170,201 170,201
R-squared 0.103 0.223 0.251 0.097 0.220 0.249
Mean of dep. .359 .359 .359 .343 .343 .343
Specification I II 111 I II I11

Notes: The dependent variable is an indicator that takes the value 1 if an individual has
completed high school. Sample includes males aged 10-20 in the year of the reform for
columns 1-3 and those aged 12-17 for columns 4-6, respectively. Specification I controls for
province of origin fixed effects and cohort fixed effects; specification II additionally controls
for father’s education and its interaction with an indicator for older cohorts; specification
III further includes district of residence fixed effects. In(Quota) is standardized such that
the coefficients can be interpreted as impacts resulting from a one standard deviation change
in per capita quota size. Robust standard errors clustered by province of origin appear in
parentheses (***p<0.01, **p<0.05, *p<0.1).
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Table 2.6: Effects of Preferential Quotas on Schooling Decisions over the Life Cycle

Secondary HS HS College College
VARIABLES Completion Initiation Completion Initiation Completion

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

Age;; x In(Quota) — .022%** 0178 01478 .009*H* .008*H*

(.002) (.003) (.003) (.003) (.003)
Observations 344,318 344,318 344,318 344,318 344,318
R-squared .081 105 103 103 .098
Mean of dep. 481 378 .359 .166 160
Specification I I I I I

Notes: Dependent variables in Columns 1-5 are an indicator for secondary school comple-
tion, high school initiation, high school completion, college initiation, and college completion,
respectively. Sample includes males aged 10-20 in the year of the reform. All regression
models presented in this table control for province of origin fixed effects and cohort fixed
effects. In(Quota) is standardized such that the coefficients can be interpreted as impacts
resulting from a one standard deviation change in per capita quota size. Robust standard
errors clustered at the native province level appear in parentheses (***p<0.01, **p<0.05,
*p<0.1).
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Table 2.7: Heterogeneous Effects by Father’s Education

VARIABLES

Secondary

HS

HS

College

College

Completion Initiation Completion Initiation Completion

(1)

(2)

(3)

(4)

(5)

Age,s x In(Quota) Q17 O15%H* 013%** 01 1HH* 009***
(.001) (.002) (.002) (.002) (.002)
. X Below -.003*** -.005%** -.005%** -.006%** -.006***
(.0002) (.0001) (.0001) (.0006) (.0006)
Observations 344,318 344,318 344,318 344,318 344,318
R-squared 150 167 162 132 125
Mean of dep. 481 378 .359 .166 .160
Specification I I I I I

Notes: Dependent variables in Columns 1-5 are an indicator for secondary school comple-
tion, high school initiation, high school completion, college initiation, and college completion,
respectively. Sample includes males aged 10-20 in the year of the reform 1962. All regression
models presented in this table control for province of origin fixed effects, cohort fixed effects,
and father’s education. Robust standard errors clustered at the native province level appear
in parentheses (***p<0.01, **p<0.05, *p<0.1).

101



Table 2.8: Effects of Preferential Quotas on Labor Market Outcomes

Occupation Occupation
VARIABLES Employed Formal Status Income
Employment Score Score
(1) (2) (3) (4)
Age,; x In(Quota) .002 016%+* 666*** 608HH*
(.002) (.002) (.076) (.066)
Observations 344,318 326,793 320,097 320,097
R-squared 017 .036 .036 .034
Mean of dep. .949 .b86 32.87 23.10
Specification I I I I

Notes: Dependent variables in Columns 1-4 are an indicator for being employed at the
census time, an indicator that equals one if an individual is working for pay in the formal
sector, Siegel’s occupational prestige score, and occupational income score constructed by
the IPUMS, respectively. Sample includes males aged 10-20 in the year of the reform, 1962.
All regression models presented in this table control for province of origin fixed effects and
cohort fixed effects. Robust standard errors clustered at the native province level appear in
parentheses (***p<0.01, **p<0.05, *p<0.1).
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Table 2.9: Effects of Preferential Quotas on Family Outcomes

Ever Age at Num of Partner
VARIABLES Married Marriage Children HS Diploma
(1) (2) (3) (4)
Age,s x In(Quota) L0324k 297K S 11k 020
(.002) (.015) (.009) (.002)
Observations 344,318 162,732 162,732 162,732
R-squared .061 .031 151 .095
Mean of dep. 743 24.82 2.132 218
Specification I I I I
Partner Partner Partner Partner
VARIABLES Employed Formal emp.  Occ. Status  Occ. Income
() (6) (7) (8)
Age,; x In(Quota) -.007* 0347 1.037%** .600*H*
(.004) (.003) (.140) (.087)
Observations 162,732 42,595 42,413 42,413
R-squared .016 .083 .061 .043
Mean of dep. .262 570 34.11 20.51
Specification I I I I

Notes: Dependent variables in Columns 1-8 are an indicator for being ever-married, age at
marriage (conditional on being married), number of children at the census time, an indicator
for whether female partner has completed high school, an indicator for female partner’s em-
ployment status, and an indicator for whether female partner is working for pay in a formal
sector (conditional on working), female partner’s occupational status score, and female part-
ner’s occupational income score, respectively. Sample includes males aged 10-20 in the year
of the reform 1962. All regression models presented in this table control for province of origin
fixed effects and cohort fixed effects. Robust standard errors clustered at the native province
level appear in parentheses (***p<0.01, **p<0.05, *p<0.1).
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Figure 2.1: Population Size (in millions) and Civil Exam Quota Size by Province

Note: This figure shows the scatter plot and linear fit of provincial quota size and population
in millions in 1948.
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Figure 2.2: Fraction of People Migrating from Each Mainland Province to Taiwan
Note: This figure demonstrates the fraction of migrants to Taiwan originating from each

mainland Chinese province. Darker shades indicate larger fractions of the population mi-
grating from a mainland province.
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High School Education, cohort fraction

—e—— Ever Attended High School — —® — - Currently in High School

Figure 2.3: Fraction of High School Attendance by Age
Note: This figure uses the 1980 Taiwan Population Census to plot the proportion of each

cohort between ages 12 and 20 who has ever attended high school (in solid line) and who is
currently attending high school (in dashed line).
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Effects of per capita Quota on High School Initiation
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Figure 2.4: Effects of Preferential Quotas on High School Initiation

Note: This figure plots coefficient estimates and 95% confidence intervals for the log of per
capita quota interacted with cohort dummies. Ages in the year of the reform are indicated
on the x-axis. The dependent variable is an indicator for high school initiation. The
estimating equation controls for province of origin fixed effects, cohort fixed effects, district
of residence fixed effects, father’s years of schooling and its interaction with an indicator
for older cohorts. Standard errors are clustered by province of origin.
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Effects of per capita Quota on High School Completion
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Figure 2.5: Effects of Preferential Quotas on High School Completion

Note: This figure plots coefficient estimates and 95% confidence intervals for the log of per
capita quota interacted with cohort dummies. Ages in the year of the reform are indicated
on the x-axis. The dependent variable is an indicator for high school completion. The
estimating equation controls for province of origin fixed effects, cohort fixed effects, district
of residence fixed effects, father’s years of schooling and its interaction with an indicator
for older cohorts. Standard errors are clustered by province of origin.
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2.8 Appendix: Additional Results

Table 2.10: The Proportion of Migrants and per capita Quota Size

Population Number of Quota size
Province in 1948 Migrants Migrants (per million)
(million)  in Taiwan  (per million) pre-reform  post-reform

Fujian 11.14 197,611 17,734 65.8 59.9
Zhejiang 19.96 114,950 5,759 191.4 59.9
Guangdong 28.34 93,635 3,304 299.0 59.9
Jiangsu 41.82 124,611 2,979 353.1 59.9
Jiangxi 12.51 30,814 2,464 486.8 59.9
Shandong 39.72 95,917 2,415 437.9 59.9
Hunan 25.56 54,268 2,123 516.0 59.9
Anhui 22.46 44,616 1,986 537.9 59.9
Hubei 21.70 37,851 1,745 634.1 59.9
Hebei 32.21 49,319 1,531 689.4 99.9
Henan 29.65 41,768 1,409 766.1 59.9
Liaoning 11.57 14,096 1,218 993.2 59.9
Guangxi 14.64 11,631 795 1,461.6 59.9
Sichuan 48.42 37,436 773 1,335.6 59.9
Others 97.42 33,669 346 4,577.8 59.9
Taiwan 1.2 99.9
Migrants 559.8 59.9

Notes: This table reports the proportion of people migrating from mainland provinces to
Taiwan, and per capita quota sizes they enjoyed before and after the reform. The proportion
of migrants in total population is defined as M 1956/ Pj 1948, Where Mj 1956 is the number of
people from province j who resided in Taiwan in 1956 and Pj 1948 is the total population of
province j in 1948. Pre-reform per capita quota size is defined as Q;/M; 1956, where Q; is the
quota size allocated to province j. Post-reform per capita quota size is the sum of quota size
over all provinces divided by total population residing in Taiwan in 1956.
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Table 2.11:

Effects of Migrant Status on High School Initiation

VARIABLES

High School Initiation

(1) (2) (3)

Age ;s x 1(Migrant)

Observations
R-squared
Mean of dep.

Specification

059%%* 059+ 0567+
(.009) (.012) (.011)
344,318 344,318 344,318
105 226 256
378 378 378
I 11 111

Notes: The dependent variable is an indicator that takes the value 1 if an individual has
ever attended (initiated) high school. Sample includes males aged 10—20 in the year of the
reform 1962. Specification I controls for province of origin fixed effects and cohort fixed ef-
fects; specification II additionally controls for father’s education and its interaction with an
indicator for older cohorts; specification III further includes district of residence fixed effects.
1(Migrant) is an dummy that equals one if an individual’s province of origin is a mainland
Chinese province. Robust standard errors clustered by province of origin appear in parentheses

(***p<0.01, **p<0.05, *p<0.1).

110



Table 2.12: Robustness — Effects of Preferential Quotas on High School Initiation

High School Initiation

VARIABLES
(1) (2) (3)
Panel A: Controlling for Geographical Distances
Age,s x In(Quota) Q17 018%* 016%+*
(.005) (.005) (.005)
Panel B: Controlling for the Order of Occupation
Age,s x In(Quota) 013%** 0167 0167
(.005) (.005) (.004)
Observations 344,318 344,318 344,318
Mean of dep. 378 378 378
Specification I II 11

Notes: The dependent variable is an indicator that takes the value 1 if an individual has
ever attended (initiated) high school. Sample includes males aged 10-20 in the year of
the reform 1962. Specification I controls for province of origin fixed effects and cohort fixed
effects; specification IT additionally controls for father’s education and its interaction with an
indicator for older cohorts; specification III further includes district of residence fixed effects.
All models in Panel A control for the straight-line distances from each province to Taiwan
interacted with an indicator for older cohorts, where the distance for Taiwan is defined as
zero. All models in Panel B control for the order in which each province was occupied by
the Communist Army interacted with an indicator for older cohorts, where the order of
occupation for Taiwan is top-coded. In(Quota) and Quota are both standardized, such that
the coefficients can be interpreted as impacts resulting from a one standard deviation change
in per capita quota size. Robust standard errors clustered by province of origin appear in
parentheses (¥***p<0.01, **p<0.05, *p<0.1).
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Table 2.13: Effects of Preferential Quotas on High School Initiation — migrants only

High School Initiation

VARIABLES
(1) (2) (3) (4)
Age,; % In(Quota) 016%** .006*
(.003) (.003)
Age,; x Quota 019%** 010%**
(.007) (.005)
Observations 30,163 30,125 30,163 30,125
R-squared .036 .206 .036 .206
Mean of dep. .843 .843 .843 .843
Specification I I11 I 111

Notes: The dependent variable is an indicator that takes the value 1 if an individual has ever

attended (initiated) high school. Sample includes male migrants aged 10-20 in the year of
the reform 1962. Specification I controls for province of origin fixed effects and cohort fixed
effects; specification III additionally controls for father’s education and its interaction with
an indicator for older cohorts, and district of residence fixed effects. In(Quota) and Quota
are both standardized, such that the coefficients can be interpreted as impacts resulting
from a one standard deviation change in per capita quota size. Robust standard errors
clustered by province of origin appear in parentheses (***p<0.01, **p<0.05, *p<0.1).
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Table 2.14: Effects of Preferential Quotas on Schooling Decisions over the Life Cycle

Secondary HS HS College College

Completion Initiation Completion Initiation Completion

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

VARIABLES

Panel A: Main Effects

Age;s x In(Quota)  .0L14%F*  Q16%Fx  QL4FRE IR Q7R
(0.002) (0.003) (0.003) (0.003) (0.003)

Panel B: Heterogeneous Effects

Age,s x In(Quota) — .011%** 012%* .009%* 15 0153

(.002) (.002) (.002) (.004) (.004)
. X Below -.003%H* -.003%H* -.003%%* .002 .002

(.001) (.001) (.001) (.002) (.002)

Observations 344,318 344,318 344,318 344,318 344,318
Mean of dep. 481 378 .359 .166 .160
Specification 111 I1I 111 111 I1I

Notes: Dependent variables in Columns 1-5 are an indicator for secondary school comple-
tion, high school initiation, high school completion, college initiation, and college completion,
respectively. Sample includes males aged 10-20 in the year of the reform 1962. All regression
models presented in this table control for province of origin fixed effects, cohort fixed effects,
district of residence fixed effects, father’s years of schooling and its interaction with an indica-
tor for older cohorts. In(Quota) is standardized such that the coefficients can be interpreted
as impacts resulting from a one standard deviation change in per capita quota size. Robust

standard errors clustered at the native province level in parentheses (***p<0.01, **p<0.05,
*
p<0.1).
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Table 2.15: Robustness — Effects of Preferential Quotas on Labor Market Outcomes

Occupation Occupation
VARIABLES Employed Formal Status Income
Employment Score Score
(1) (2) (3) (4)
Age,; x In(Quota) -.0002 0147%%% AQTHHHE 39074
(.0014) (.002) (.080) (.066)
Observations 344,318 326,793 320,097 320,097
R-squared .028 .088 142 163
Mean of dep. .949 .b86 32.87 23.10
Spec I1T II1 11 11

Notes: Dependent variables in Columns 1-4 are an indicator for being employed at the
census time, an indicator that equals one if an individual is working for pay in the formal
sector, Siegel’s occupational prestige score, and occupational income score constructed by the
IPUMS, respectively. Sample includes males aged 10-20 in the year of the reform, 1962. All
regression models presented in this table control for province of origin fixed effects, cohort
fixed effects, district of residence fixed effects, father’s years of schooling and its interaction
with an indicator for older cohorts. Robust standard errors clustered at the native province
level in parentheses (***p<0.01, **p<0.05, *p<0.1).
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Table 2.16: Robustness — Effects of Preferential Quotas on Family Outcomes

Ever Age at Num of Partner
VARIABLES Married Marriage Children HS Diploma
(1) (2) (3) (4)
Age,; x In(Quota) 0167+ 179%H -.079%* 022%%
(.003) (.017) (.007) (.003)
Observations 344,318 162,732 162,732 162,732
R-squared .061 .031 151 .095
Mean of dep. 743 24.82 2.132 218
Specification 11 III I11 I11
Partner Partner Partner Partner
VARIABLES Employed Formal emp.  Occ. Status  Occ. Income
() (6) (7) (8)
Age,; x In(Quota) -.005 0247 B3 228
(.004) (.003) (.129) (.077)
Observations 162,732 42,595 42,413 42,413
R-squared .016 .083 .061 .043
Mean of dep. .262 570 34.11 20.51
Specification II1 11 11 I11

Notes: Dependent variables in Columns 1-8 are an indicator for being ever-married, age at
marriage (conditional on being married), number of children at the census time, an indicator
for whether female partner has completed high school, an indicator for female partner’s em-
ployment status, and an indicator for whether female partner is working for pay in a formal
sector (conditional on working), female partner’s occupational status score, and female part-
ner’s occupational income score, respectively. Sample includes males aged 10-20 in the year
of the reform 1962. All regression models presented in this table control for province of origin
fixed effects, cohort fixed effects, district of residence fixed effects, father’s years of schooling
and its interaction with an indicator for older cohorts. Robust standard errors clustered at
the native province level in parentheses (***p<0.01, **p<0.05, *p<0.1).
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CHAPTER III

The Long-Term Health and Economic
Consequences of Improved Property Rights

This chapter studies the long-term health and economic consequences of China’s
Household Responsibility System (HRS) reform—a property reform that assigned col-
lectively owned farmland to individual households with secure tenures and boosted
labor productivity among rural populations. Using regional variation in reform tim-
ing, I provide evidence that the reform improved later-life health, education, and
labor market outcomes for individuals who had been exposed early in life. However,
it reduced human capital investment for those exposed at critical school ages, making

them less likely to receive education and more likely to remain in agriculture.
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3.1 Introduction

Property rights are an important component of institutional structure, and a
key determinant of economic development (Acemoglu and Johnson, 2005; Besley and
Ghatak, 2010). Over recent decades, property rights reform has been increasingly
used by governments in the developing world to fight poverty and improve individu-
als” long-term welfare (De Soto, 2003; Deininger et al., 2003). A large body of work
has provided important evidence that these reforms are generally associated with im-
proved contemporaneous outcomes pertaining to economic growth, labor supply, in-
vestment, and nutrition (Banerjee et al., 2002; Besley, 1995; Do and Iyer, 2008; Field,
2007; Galiani and Schargrodsky, 2010). However, there is little empirical evidence of
how property reforms affect the long-term outcomes of their target populations.

This study addresses China’s prominent Household Responsibility System (HRS)
reform—a property reform that has assigned collectively-owned farmland to individ-
ual households with secure tenures. Prior to the reform, private land rights had been
abolished for decades, and Chinese farmers were forced to work in production teams
composed of 20-30 households. Due to difficulty monitoring the efforts of each mem-
ber, agricultural output was distributed across team members based on work hours,
rather than marginal labor input. This led to widespread free-rider problems, low
work incentives, and stagnant agricultural productivity. HRS reform, which granted
land use rights to individual households and granted them rights to residual income
from farm activities, solved the incentive problem and stimulated labor productivity
and income among rural households (Lin, 1992; McMillan et al., 1989). In this paper,
I evaluate the long-term impact of HRS reform on the well-being of the rural popula-
tion. In particular, I ask: how does early-life and childhood exposure to reform affect
individuals’ health, education, social and economic outcomes in adulthood?

I first limit the attention to individuals who were exposed to the reform very
early in life, and explore how early-life exposure to the reform affects individuals’
adult outcomes. The focus on early-life influence is motivated by the growing body
of literature linking early-life circumstances to later-life outcomes (Adhvaryu et al.,
2019; Maccini and Yang, 2009; Almond, 2006; Isen et al., 2017; Hoynes et al., 2016).
The theory of fetal origins posits that initial health endowments are crucial to the
formation of health and human capital during each subsequent life period (Grossman,
1972; Barker, 1998). Therefore, shocks and interventions at early-life stages can
have immense, lasting effects that persist into adulthood (Almond and Currie, 2011;
Heckman, 2006, 2007). On the eve of China’s HRS reform, when the private economy
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and labor migration were still prohibited, land was the only source of income for most
rural households. HRS reform revolutionized incentives, productivity, and many other
aspects of their lives. It may also have had a long-term effect on the target population,
especially those who had been exposed during the early and “critical” life periods.

I examine this hypothesis using a nationally representative household survey from
China. I restrict the sample to respondents who were born during the reform period
(1978-1984), and explore the effect of birth-year reform exposure on their adult out-
comes. Conceptually, increased household income induced by HRS reform afforded
individuals better nutrition during gestation and infancy. This may have translated
into improved adult outcomes. However, the reform could have also been disruptive,
as it increased the opportunity costs of parents’ time, and might have induced them
to switch out of child care and into productive activities (Miller and Urdinola, 2010).
In the latter case, the reform may have inhibited infant health, and consequently,
adult outcomes. A priori, which effect dominates is ambiguous, and constitutes an
important empirical question of this paper.

In addition to the early-life effects, I also explore the effect of HRS reform for
those exposed at older and critical school ages. The extensive literature on the the-
ory of fetal origins finds that nutritional shocks and interventions at older ages have
a muted effect on health endowment. However, one may expect the reform to affect
these children through other mechanisms, such as human capital investment. This
focus is motivated by recent studies that have found outsized effects of income shocks
on children’s educational attainment (Atkin, 2016; Carrillo, 2019; Shah and Stein-
berg, 2017). In my context, HRS reform permanently increased labor productivity
and income for the agricultural sector. It can increase human capital investment
in children through the income effect (increased household resources). Yet, it can
also reduce investment through a substitution effect (increased opportunity costs of
schooling and reduced returns to education). If the latter effect dominates, parents
who had previously been on the margins of enrolling their children in school may find
it less attractive to do so, and may instead choose to keep their children on the farm,
leading to a decrease in human capital investment. To test this hypothesis, I turn to
a second sample of individuals who had been exposed to reform at school-entry age
(age 6), a key transition point at which parents make the choice of whether or not to
enroll their children in formal education. I then examine how exposure to the reform
at this age has affected individuals’ education and other outcomes over the long term.

This study’s research design takes advantage of the substantial variation in reform

timing and pace across Chinese provinces. Employing a difference-in-difference spec-
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ification, I provide evidence that birth-year reform exposure significantly improves
individuals’ health, educational attainment, and labor market performance, as mea-
sured around age 30. My findings suggest that a 10 percentage point increase in reform
adoption rate in the birth year increases an individual’s total years of schooling by
about 0.1 years, as well as their height by 0.45 centimeters. In addition, individuals
exposed to the reform in their birth years tend to achieve higher health scores, have
more prestigious jobs, earn more, and are more likely to have left agriculture and ob-
tained an urban hukou (i.e. register as an urban resident).! These results are robust
to the inclusion of additional controls and reform exposure in adjacent years before
and after birth. Placebo tests based on a sample of respondents born in urban areas
show a lack of any effects, lending credibility to the identification strategy used in
this study. Additional findings suggest that the estimated effects are not driven by
endogenous fertility responses or selective child survival.

Moreover, I provide evidence that reform exposure at school entry age significantly
reduces individuals’ likelihood of receiving formal education. As the HRS adoption
rate at age 6 increases by 10 percentage points, the likelihood of primary education
decreases by roughly 1 percentage point; total years of schooling decreases by an
average of 0.14 years. As a consequence, individuals are 1.7 percentage points more
likely to remain in agriculture and register as rural residents. These findings align with
recent studies which find that income shocks during children’ school-going years can
largely affect their schooling choices and long-term achievement (Shah and Steinberg,
2017; Carrillo, 2019; Atkin, 2016). Consistent with the “fetal origins” hypothesis
that stresses early-life circumstances in the formation of health, I find no statistically
distinguishable effects of school-age exposure on individuals’ adult health.

This study speaks to a large body of work examining the consequences of improved
property rights on target populations. Much of this literature has studied the effects
of property reforms and titling programs on important contemporaneous outcomes
such as investment (Besley, 1995; Do and Iyer, 2008; Galiani and Schargrodsky, 2010),
economic performance (Alston et al., 1996; Banerjee et al., 2002; Goldstein and Udry,
2008; Hornbeck, 2010; Montero, 2018), labor supply and allocation (Chari et al., 2017;
De Janvry et al., 2015; Field, 2007; Wang, 2012). This work complements these studies

LChina’s hukou is intended to monitor population flows. People are required to register in their
county of birth, either as rural or urban residents. An individual’s hukou determines his or her
eligibility for jobs, schooling, housing, and other social security benefits. Prior to the first hukou
reform in the late 1980s, few people were allowed to migrate from rural to urban areas or from one
county to another. See Chan and Zhang (1999) and Kinnan et al. (2018) for more details on the
Chinese hukou system.
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by examining the effect of property reform on individuals’ long-term well-being (as
measured by a large set of health, educational, social, and economic outcomes). It also
provides new evidence that the direction of these effects can depend on individuals’
age of exposure.

This work is also related to the growing literature on fetal origins. Much work
in this area has focused on rare and adverse shocks early in life, and how they have
hurt individuals’ later-life outcomes (Almond, 2006; Almond et al., 2010; Behrman
and Rosenzweig, 2004; Chen and Zhou, 2007). Several recent studies have examined
the long-term effect of positive, policy-driven treatments in the US context, such
as Medicaid expansions (Brown et al., 2019), environmental regulation (Isen et al.,
2017), and social security programs (Hoynes et al., 2016). I add to this line of work
by providing quasi-experimental evidence from policy-driven shocks in a development
context.

Finally, standard models of optimal human capital investment predict that in-
creased opportunity costs of schooling and decreased returns to education are associ-
ated with less investment in human capital (Becker, 1967; Ben-Porath, 1967; Weiss,
1995). This paper joins a small set of recent studies that provide rigorous evidence
in support of this claim (Black et al., 2005; Charles et al., 2015; Carrillo, 2019; Shah
and Steinberg, 2017). Unlike previous work that focuses on temporary income shocks
induced by weather or commodity price fluctuations, this study addresses permanent
productivity shocks induced by a prominent institutional reform. This focus is likely
to yield stronger effects, since forward-looking individuals might not adjust long-term
education decisions in response to temporary shocks (Becker, 1967; Eckstein and
Wolpin, 1999).

This paper proceeds as follows. The next section discusses the background of HRS
reform, focusing on institutional details relevant to the research design. Section 3.3
describes the data. Sections 3.4 and 3.5 discuss the empirical strategy, and present
the primary results for the early-life and school-age samples, respectively. Section 3.6

concludes.

3.2 HRS Reform

The Chinese Communist Party (CCP) rose to power by defeating the Nationalist
Party (Kuomintang) in the Chinese Civil War in 1949. At that time, China had
a poor agrarian economy with over 85% of its population living on small plots of

land in rural areas. In order to transform China into an industrialized economy,
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the CCP collectivized agriculture. This was accomplished under the leadership of
CCP Chairman Mao Zedong in the early 1950s. Mao believed that collectivization
would transform Chinese agriculture from small household farming into large-scale
mechanized production. This, in turn, would boost agricultural productivity so that
more output could be extracted from the rural sector for industrialization (Li and
Yang, 2005).2 With this belief, he urged rural China to adopt a collectivized farming
system. Under the collectivized system, private property rights to land and assets
were abolished. Markets for private transactions were also banned. Farmers were
forced to pool their equipment and work in production teams consisting of 20-30
households (Lin, 1992).

Since it was difficult and costly to monitor each team member’s labor efforts, the
distribution of output between farmers within a production team was tied to their
work hours, rather than to marginal labor input. In practice, workers were accredited
with “work points” for their daily tasks. At the end of a year, and after deductions
for state taxes and public welfare spending, the net team income was distributed
according to the work points that each person had accumulated during the year.?
Because team members were not paid based on their efforts, they tended to free ride,
and lacked the incentive to work. As a result, when agricultural collectivization was
completed in 1958, total factor productivity (TFP) in agriculture dropped by about 30
percent, and the productivity stagnated at low levels throughout the collectivization
period (as demonstrated in Figure 3.1). Because of the dramatic decline in grain
output and other radical policies implemented by the Central government, a famine
struck China between 1958 and 1962, killing over 30 million people (Lin, 1990; Yang,
1996).*

After Mao’s demise, China reconsidered its agricultural policies and sought agri-
cultural reform by implementing the so-called Household Responsibility System (HRS).
Under the HRS, previously collectively-owned farmland was assigned to individual
households, based on the total number of household members. Secure tenure was
also provided, initially for 15 years; later extended to 30 years (Lin, 1992). While
land ownership remained with the collective, land use rights and residual rights to

output from land were granted to individual households. This institutional change

2For example, at that time, grain was procured from rural households to feed urban workers and
for export in exchange for industrial equipment. Millions of rural laborers were mobilized for the
construction of dams, roads, and other infrastructure (Li and Yang, 2005).

3See Lin (1988) for more on management under the collectivized system.

4t is known as the Great Leap Famine, one of the worst humanitarian disasters in recorded
history.
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solved the incentive problem and boosted labor productivity and agricultural output
(Lin, 1992; McMillan et al., 1989). Figure 3.2 provides evidence for this claim. This
figure presents scatterplots of per capita grain output for each province and year
against reform adoption rates using data from 1978 to 1984, conditional on province
fixed effects, year fixed effects, and province-specific linear trends. As is clear from
the figure, there is a strong and positive association between grain output and HRS
adoption. Point estimates presented in Appendix Table 3.9 indicate that a full adop-
tion of the new system (i.e. an increase from 0 to 100 percent) leads to an increase
of 195 kg in per capita grain output, a 45 percent increase at the sample mean.

Unlike many other reforms initiated by the government, the HRS was first im-
plemented by a small group of farmers in a small village in Anhui province. After
a drought in 1978, they secretly experimented with contracting land, agricultural
equipment, and output quotas to individual households, unbeknownst to the Central
government (Lin, 1987). A year later, these farmers’ yields far surpassed those of
others in the same region. Inspired by their success, production teams in both this
and other regions switched to the new system, with the blessing of local governments.
Anecdotal evidence suggests that regions that suffered more famine deaths from 1958
to 1962 were more resistant to the collective system, and tended to adopt the new
system earlier (Yang, 1996).° For instance, Sichuan, Anhui, and Shandong, which
suffered the most from the 1958-1962 famine, were the three earliest reform adopters.
In addition, regions stricken by bad weather demanded the reform more urgently and
were also early adopters (Lin, 1987; Zhang, 2012). On the supply side, opponents of
the HRS initially questioned the new system on the grounds that it violated “socialist
principles.” To minimize the political risk that would occur should the reform fail,
China’s Central leaders did not immediately recognize the HRS. Instead, they exper-
imented with the system and gave more support to regions distant from the capital
(Lin, 1987). I evaluate these claims and address potential threats to internal validity
in Section 3.4.

Ultimately, the HRS was successful and popular. By late 1981, when the Central
government officially recognized the HRS, 45.1 percent of China’s production teams
had already adopted the system. However, as demonstrated in Figure 3.3, the adop-
tion rate varied substantially across provinces. By the end of 1981, over 60 percent
of the production teams in early adopters such as Anhui and Sichuan had adopted

the new system. However, late adopters such as Jilin and Heilongjiang had less than

®Appendix Figure 3.4 demonstrates the variation in famine severity (measured by cumulative
famine mortality rate) across provinces.
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10 percent. The remaining production teams gradually adopted the HRS, and by the
end of 1984, over 99 percent of the production teams in China had switched to the
new system.

HRS reform transformed China’s land property rights from a communal system to
an individualized tenure system. The reform, widely recognized as the engine behind
China’s rapid agricultural growth, is considered China’s most far-reaching economic
reform to date. Furthermore, the substantial variation in the timing and pace of
reform across regions provides the opportunity to evaluate its long-term effect on

rural populations.

3.3 Data

My primary analysis combines data on HRS adoption rate at the provincial level
with a nationally representative household survey, the Chinese Family Panel Study
(CFPS). Through a multistage probability sampling procedure, CFPS includes inter-
views of a total of 14,798 sampled households and all adults living in these house-
holds. It includes 36,000 observations, with participants born in 31 Mainland China
provinces. This study’s analysis utilizes the baseline wave of the CFPS conducted in
2010. This wave contains details about each respondent’s demographic characteris-
tics, educational attainment, family background, work experience, and health status,
among other information. Individuals born in rural areas were retained for the main
analysis because the causal factor of interest, the HRS reform, was only implemented
in rural areas. Thus, it should have more pronounced effects on the rural popula-
tion.% To explore different mechanisms through which the reform may have affected

7 The first consists of re-

individuals’ long-term outcomes, I focus on two samples.
spondents who were born during the reform period (1978-1984), which has a size
of 2,629. The second consists of respondents who turned the age of primary school
entry (age 6) during the same period, which has a size of 3,440. All respondents
were between 26 and 38 years old at the time of the survey, and thus had already
completed their formal education and entered the labor market. Throughout, I re-

fer to the first sample as the “early-life” sample and the second as the “school-age”

5Because CFPS does not ask hukou status at birth, I define individuals born in rural areas as
those who held a rural hukou at age 3. This should not affect our results because over 98% of the
respondents in the sample still lived in their birthplaces at age 3. The sample of respondents born
in urban areas is used for placebo tests.

I conduct separate regressions for each sample instead of pooling them, since the reform lasted
for a short period and there is not enough variation to estimate a pooled specification with many
cohorts.
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sample. The primary outcomes of interest are educational attainment, height, health
score, employment, earnings, occupational status score, urban residency, and other
socioeconomic outcomes, all measured in the survey year.

Although the rich survey data allow analysis of an array of important outcomes
at the individual level, the sample size is small, compared to prior work that uses
data from population censuses or administrative earnings records (Almond, 2006;
Isen et al., 2017; Bleakley, 2007; Atkin, 2016). This may limit the statistical power
and lower the estimation precision. However, this concern is minimal since most of my
estimates are statistically significant at conventional levels. In the regression analysis,
the sampling weights are also used to make the estimates more representative of the
population.

The HRS adoption rate is measured by the proportion of production teams in a
province that had adopted the HRS by the end of a year. Data for 1978-1982 are com-
piled by Chung (2000) and those for 1983-1984 are drawn from the Compendium on
Agricultural Collectivization since the Founding of the People’s Republic. To test for
confounding factors that might inflate the results, I supplement the analysis with data
from the 1990 wave of the Chinese Population Census, which are made available by
Integrated Public Use Microdata Series (IPUMS). In robustness checks, I include rain-
fall and other time-varying characteristics as additional controls. The rainfall data are
available at a 0.5 by 0.5 degree grid level (approximately 1 km?), and are taken from
the standard Willmott and Matsuura series available at climate.geog.udel.edu/ cli-
mate/. 1 merge the rainfall data to the birth provinces by taking the average over
grid points within each province. Data on provincial characteristics are obtained from
A Compilation of Historical Statistical Data of Provinces, Autonomous Regions, and
Municipalities, 1949-1989 and Statistical Compendium on Sixty Years of New China,
1949-2009, which are compiled by the State Statistical Bureau. Summary statistics

on outcomes of interest and principal controls are reported in Table 3.1.

3.4 The Effects of Reform Exposure Early in Life

3.4.1 Estimation Strategy

To evaluate the effects of birth-year reform exposure on later-life outcomes, I

estimate the following specification for the early-life sample:

Yipe = a + 8 x Adoption,,, + v X X + p, + dc + €ipe- (3.1)
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Yipe is a measure of educational, health, or socioeconomic outcome for individual 7,
born in province p in year c. The key explanatory variable, Adoption,,., is the HRS
adoption rate in birth province p and year c¢. In all regression models, I control for
province of birth fixed effects p, to absorb any time-invariant determinants of long-
term outcomes for individuals born in a particular province. I also include the birth
year (cohort) fixed effects J. to control for time-varying determinants of long-run
outcomes common to the same cohort. The key parameter of interest, 3, estimates
the effect of a one-unit increase in the HRS adoption rate in an individual’s birth
province and birth year on their adult outcomes measured in the survey year, holding
constant other variables.

The validity of the estimation strategy depends on the conditional exogeneity of
the reform timing. As discussed in Section 1.2, anecdotal evidence has suggested that
the reform tended to be adopted earlier by regions that suffered more severe famine
from 1958 to 1962, and regions that were more distant from Beijing (Yang, 1996; Lin,
1987; Zhang, 2012). If the same characteristics are associated with differential trends
in the outcome variables, the key parameter of interest, 8, might be biased. To eval-
uate the extent to which the reform timing is predicted by these factors, I regress the
year in which each province adopted the reform on each pre-reform provincial char-
acteristic separately. The results presented in Appendix Table 3.10 show minimal
correlation between reform timing and most of the factors, including level of devel-
opment, total population, rural population share, remoteness, and access to medical
resources. The only exception is historical famine mortality. Consistent with previous
findings, provinces that suffered more famine deaths in the late 1950s and early 1960s
do appear to be early adopters. In a regression that includes each of these variables as
regressors, rural population share and geographic distance also become statistically
significant. The pre-reform characteristics all together only account for 32 percent of
the variation in reform timing, suggesting that there are considerable idiosyncratic
differences that can be utilized for the estimation. To address endogeneity concerns,
I follow Hoynes et al. (2016) and control for the interactions between observable de-
terminants of reform timing and linear cohort trends. Because regions stricken by
bad weather tended to adopt the reform earlier (Lin, 1987), and because early-life
exposure to negative weather shocks adversely affects adult outcomes (Maccini and
Yang, 2009), I also control for the level of rainfall in each individual’s birth province
and birth year. In order to account for changes in health-care resources, I include the
number of physicians per capita as an additional control variable.

In a later specification, I interact the main treatment variable, HRS,., with a
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dummy for male respondents, in order to explore heterogeneity by gender. As a
robustness check, I follow Maccini and Yang (2009), and control for reform exposure in
years before and after birth (ages -2 through 2), to account for potential confounding
effects from adjacent years. To shed more light on the validity of the research design,
I conduct a placebo test with a sample of respondents who had been born in urban
areas, and thus, were unlikely to have been affected by the reform. Standard errors
are clustered at the birth-province level to account for common error distribution
within provinces over time.

Although some regions adopted the reform earlier than others, all production
teams had switched to the new system by the end of the reform. In particular, the
reform adoption rate rose monotonically from 0 in 1978 to 100 percent for all provinces
by the end of year 1984.% This means that provinces that adopted the HRS earlier
should have experienced slower adoption rate growth in later years. In the above
specification, any unobserved or omitted confounder must follow the same reversed
pattern if it is to confound the estimates (Fujiwara, 2015). For example, in the early-
adoption provinces, any omitted variables that confound the estimates must first grow
faster, and subsequently grow slower. This is unlikely, given the short HRS reform
period. It also bears mentioning that two other reforms were implemented during
the same period: a price reform that raised state procurement prices for major crops,
and a market-oriented reform that canceled mandatory production plans (Lin, 1992).
Since these reforms were implemented uniformly across provinces with little variation
in timing, their effects would have been absorbed by the cohort fixed effects, and

therefore should not confound the estimates.

3.4.2 Main Results

I begin by documenting the effects of birth-year reform exposure on individuals’
educational attainment. Table 3.2 presents the estimates of Equation 3.1 with ed-
ucational outcomes as the dependent variable. These results indicate a statistically
significant and economically meaningful effect of HRS reform in the birth year on in-
dividuals’ long-term educational attainment. In Columns 1-3, I use an indicator for
high school completion as the outcome variable and find that a higher reform adoption
rate in an individual’s year and province of birth is associated with a higher likelihood

of high school completion.” This relationship is robust to the inclusion of trends in

8The national HRS adoption rate had surpassed 99 percent by the end of 1984.
9China enacted its first compulsory schooling law in 1986. I focus on high school education for
this sample because by the time most of them had reached school-entry age, primary and secondary
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provincial characteristics and additional time-varying controls. The point estimates
are close in magnitude and significant at the 5% level, suggesting that an increase
in reform adoption rate of 10 percentage points at birth will lead to an increase in
high school completion rate of 1.8 percentage points. In Columns 4 through 6 where
total years of schooling is the outcome variable, I find that individuals who had been
exposed to reform in their birth years also completed more years of schooling. The
point estimates indicate that a 10 percentage point increase in the adoption rate leads
to 0.1 more years of schooling. Once again, the estimated coeflicients are statistically
different from zero at conventional levels and are comparable in size across specifi-
cations. The stability of these estimates also suggests that it is unlikely that the
estimates are the results of omitted variables.

Next, I estimate Equation 3.1 with three health outcomes as the dependent vari-
ables and report the estimates in Table 3.3. T first present results for adult heights,
which are measured in centimeters and are commonly used as a proxy for health in the
literature (Bleakley, 2010). Columns 1 and 2 present the regression results with and
without controls, respectively. The point estimates are both positive and statistically
different from zero, indicating that a 10 percentage point increase in the adoption
rate at birth increases adult height by roughly 0.45 centimeters. In Columns 3 and 4,
I use the health score evaluated by enumerators on a 1-7 scale as the outcome vari-
able. I use enumerator-evaluated rather than self-reported health status because the
latter largely depends on education, cognitive skills, and access to information and
medical examinations (Lange, 2011). Each of these can be endogenously determined
by the reform in early life, and therefore can confound the interpretations.'® Esti-
mates related to health score are positive and become statistically more significant
and larger in magnitude after controlling for trends and time varying characteristics.
For ease of interpretation, I construct a dummy variable that equals 1 if an individ-
ual’s health score is above the sample average; the results are reported in Columns 5
and 6. The estimates are both positive and statistically significant at the 1% level; a
10 percentage point increase in reform adoption rate in an individual’s birth year and
birth province makes them 3 percentage points more likely to have an above-average
health score.

Table 3.4 presents the regression results from Equation 3.1 with a series of social

and economic outcomes as the dependent variables. The results show evidence that

education had already become compulsory.
10Tn additional analyses not reported, I find no statistically discernible effects of HRS reform on
self-reported health status.
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birth-year exposure to reform makes individuals more likely to leave rural areas and
register as urban residents. Columns 1 and 2 show that as the birth-year adoption rate
increases by 10 percentage points, individuals are 1.4 percentage points more likely
to switch from a rural to an urban hukou. Additionally, I find that a higher birth-
year adoption rate is associated with higher income (Columns 3-4). In Appendix
Table 3.11, I provide evidence that this income differential is not driven by selective
labor force participation; the reform does not seem to have significantly affected
employment status among the target population. Instead, the income effect is likely
driven by the fact that individuals who had been exposed to reform at birth have more
prestigious jobs. The results in Columns 5-6 of Table 3.4 support this claim. They
suggest that a 10 percentage point increase in birth-year adoption rate increases the
ISEI occupational score (International Social Economic Index of Occupational Status)
by 0.77 points, corresponding to 2.1 percent of the sample mean. Lastly, Columns
7 and 8 present the estimated effects for individuals’ political status, as measured
by a dummy for affiliation with the ruling Chinese Communist Party (CCP). CCP
membership is not only a symbol of political status; it also provides extra access to
various economic resources and opportunities in China (Li et al., 2008). Estimates
related to this variable are positive and significant at the 1% level, suggesting that
birth-year reform exposure significantly raised individuals’ economic and political

status.

3.4.3 Additional Results

Next, I conduct several robustness checks to test the sensitivity of the main results
to changes in the specification. Because the reform adoption rate can be serially
correlated over time, one concern is that the coefficient for birth-year reform exposure
may pick up effects from adjacent years. To alleviate this concern, I follow Maccini
and Yang (2009) and include the adoption rates from age —2 (two years prior to
the birth year) to age 2 (two years after the birth year) as explanatory variables.
Results are presented in Table 3.5. They show that the estimates for birth-year
reform exposure are largely unaffected by the control of reform exposure in adjacent
years. For 6 out of the 7 outcome variables, the estimated effects remain statistically
significant and similar in magnitude. Only the coefficient for urban residency becomes
marginally insignificant. However, that effect remains similar in size to the previous
ones. Point estimates for adjacent years, by contrast, are either statistically indifferent
from 0 or have inconsistent signs. These findings lend credibility to the identification

strategy, and point to the crucial role of early-life circumstances in the determination
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of individuals’ long-term well-being.

HRS reform may also shift gender preference or resource sharing within rural
households (Almond et al., 2019). For example, the reform may disproportionately
increase men’s productivity more than women’s. Moreover, since land is distributed
and adjusted based on the number of household members, and girls will leave their
parents’ homes after marriage, the reform may increase the value of a boy relative
to a girl. If parents allocated disproportionately more resources to boys as a result
of the reform, the effects could be more pronounced for male respondents. Appendix
Table 3.12 explores heterogeneity by gender. I interact the birth-year HRS adoption
rate with a dummy for male respondents, but do not find statistically different effects
for most outcomes. The only exception is height, where I find a stronger effect for
men than for women.

Appendix Table 3.13 presents the results of a placebo test using a sample of
respondents who were born during the same period, but in urban areas. Because the
reform was only implemented in rural areas, the placebo sample should not have been
directly affected. Consistent with this hypothesis, all point estimates related to the
placebo test are statistically insignificant and have inconsistent signs across outcome
variables. These findings corroborate the estimation strategy, suggesting that the
main results are not driven by province-level confounders.

The results thus far show that HRS reform in the birth year significantly improves
individuals’ adult outcomes along important dimensions. These results are consistent
with the fetal origins hypothesis, and indicate that the positive effects of increased
household resources during gestation and infancy dominate any negative effects of
reform disruptions. In terms of magnitude, the estimated effects are comparable
to those of prior studies. My results suggest that full adoption of HRS reform in
the birth year is associated with roughly 1 more year of schooling, a 4.5 centimeter
increase in height, and a 14 percentage point increase in the likelihood of obtaining
urban residency. Chen and Zhou (2007) find that exposure to the Chinese Great Leap
Famine in infancy reduces adult height by 3.03 centimeters among survivors. Because
famine survivors are likely those who were less affected or were healthier at birth, their
estimates serve as a lower bound of the average population effect. Maccini and Yang
(2009) estimate that a positive (20 percent higher) rainfall shock in the birth year
raised total years of schooling by 0.22 and height by 0.57 centimeters among women
in rural Indonesia. My estimates are larger than theirs because of the focus on a
dramatic institutional reform that boosted productivity and income, as opposed to

more moderate variations.
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3.5 The Effects of Reform Exposure at School-Entry Age

3.5.1 Conceptual Framework

In this section, I investigate how reform exposure at school-entry age affects in-
dividuals’ long-term education and other outcomes. For research design purposes, I
focus on an important extensive margin—whether an individual has any formal ed-
ucation. There is meaningful variation with respect to this variable since primary
education was not compulsory during the sample period, and 22 percent of the in-
dividuals in my second sample are illiterate. Below, I outline a simple conceptual
framework to motivate the empirical analysis.

Consider a child who is about to enroll in primary school and start formal educa-
tion (age 6). The child’s parents decide whether to enroll her in school based on the
expected lifetime income and schooling costs. Children differ in academic ability 6;,
which follows a uniform distribution over the interval [0, 1]. Each child incurs psycho-
logical costs of schooling, given by x(1 — ;). Tuition and school fees are represented
by F. After reaching legal working age J, individuals with formal education have
the probability p of finding an urban job and receiving labor market income of wy.
Meanwhile, those without formal education have to stay on the farm and earn an
income of v; (w; > vy). This is a realistic assumption, since rural-to-urban migration
was prohibited during the reform period, and education was the only way for rural
children to access employment opportunities in urban sectors (Kinnan et al., 2018;
Pan, 2017). If the child does not go to school, child labor gets a payoff of y;. Let the
discount factor be r and the retirement age be 7. Parents will enroll their children
in school if, and only if, the education premium exceeds the schooling costs (inclusive

of opportunity costs).

T J
Ze‘r(t_ﬁ)p(wt—vt) > F+k(1—6) —i—Ze
t=6

t=J

The likelihood that a child will receive formal education is then determined by
the ability threshold, and is given by %, where II; = ZtT: J e "0 p(w, — vy) —
Zt— (e 6)Xt F.

HRS reform could have reduced the likelihood of formal education for two reasons.
First, it could have permanently increased the (expected) agricultural income, v;.
This would have depressed the relative attractiveness of skilled jobs in urban sectors

and the expected returns to education, from the perspective of rural households.
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Second, the reform may also have increased the value of child labor, x;, which in turn,
would have raised the opportunity costs of schooling. If these effects had dominated
any countervailing income effects, we should see children as less likely to receive formal

education after the reform.!!

3.5.2 Specification

To examine the effect of reform on education and other outcomes for individuals
exposed at critical school ages, I turn to the second sample of respondents—those
who turned 6 during the reform period. In theory, one could estimate the following
equation:

Yijpe = o+ B x Reform; o6 + v X X + ftjp + 0c + €ijpe-

Yijpe is @ dummy that equals 1 if individual 4, born in production team j of province
p in year ¢, has ever received formal education. The key explanatory variable,
Reform; .44, takes the value 1 if the individual’s production team j had adopted
the reform when she turned 6. The model controls for production team fixed ef-
fects, birth year (cohort) fixed effects, and a set of covariates at various levels. Note
that once the new system is adopted in a production team, it continues operating
indefinitely. Therefore, individuals with exposure at age 6 are also exposed at older
ages.

This strategy compares education choices between cohorts who turned 6 after
the reform and slightly older cohorts in the same production teams who turned 6
beforehand. I focus on age 6 because it is the prevailing age for Chinese children to
begin primary school and start formal education (Population Census Report, 1990).
The idea is that if the reform discourages human capital investment, those who turned
6 after the reform should be less likely to begin school and receive formal education.
However, for slightly older cohorts who turned 6 before the reform, the key time for
schooling decision-making had passed. Therefore, many of them had already started
primary education, and thus the effect of reform on the education dummy would have
been small. The coefficient of interest, (3, is thus expected to be negative.

Because reform adoption data are not available at the production-team level, the
indicator variable for reform exposure at age 6, Reform; ., ¢, is proxied by its aggregate
counterpart (Bleakley, 2007). Specifically, I replace the reform dummy, Reform; . s,

with a continuous variable, Adoption,, .., which is the share of production teams in

HCharles et al. (2015) use detailed labor market data to distinguish between the two mechanisms.
I am not able to conduct similar analysis since China was a planned economy during the reform
period, and wages and prices were set by the government instead of the market.
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each province that had adopted HRS when an individual turned 6. This measures
the likelihood that an individual was exposed to reform at age 6. The following

specification estimates the intent-to-treat (ITT) effects.
Yipe = a+ B x Adoption, ., 6 + 7 X X + 1, + 6c + €ipe. (3.2)

The dependent variable, Yj,., is an indicator for formal education, which takes the
value 1 if individual 7, born in province p and year ¢, has ever received primary
education. The HRS adoption rate and the control variables are defined as in Equation
3.1, except that they are now measured at age 6. To account for changing educational
resources, I include the number of primary school teachers at age 6 as an additional
control. Since internal validity concerns have been discussed in the previous section,

I now shift to the main results and robustness checks.

3.5.3 Results

Table 3.6 presents the estimated effects of reform on educational outcomes from
Equation 3.2. In Columns 1-3, the outcome variable is an indicator for formal ed-
ucation, which takes the value 1 if an individual has primary education or above.
Without additional controls, the coefficient presented in Column 1 shows a signifi-
cant and negative effect of reform exposure at age 6 on this variable. As the reform
adoption rate increases by 10 percentage points, individuals become 1.1 percentage
points less likely to have ever enrolled in school. In Columns 2 and 3, where a lin-
ear cohort trend interacted with provincial characteristics and time-varying controls
are added to alleviate endogeneity concerns, this effect remains similar in size and
becomes statistically more significant. The estimates are also robust to alternative
measures of education investment. In Columns 4-6, where completed years of school-
ing is the dependent variable, I find consistently negative coefficients. The effects are
statistically significant when linear cohort trends or time-varying characteristics are
added as controls. Without these controls, the coefficient is marginally insignificant.
However, the estimates are fairly stable in size across specifications, suggesting that
a 10 percentage point increase in reform adoption rate at age 6 reduces total years of
schooling by about 0.14.

The above findings echo recent studies which find that substitution effects domi-
nate income in determining human capital investment. Atkin (2016) estimates that
for every additional 25 manufacturing jobs, one student is induced to drop out of
school at grade 9. Shah and Steinberg (2017) provide evidence that a drought in the
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previous year decreases children’s math scores by 1.5 percent. Carrillo (2019) finds
that higher coffee prices would decrease school attendance and increase child labor
among coffee growing areas. The estimated education effects in this paper appear
large in magnitude, compared to the previous work. This is probably because this
study addresses a permanent institutional change, while previous work has focused
on temporary shocks.

These findings also shed light on the validity of the identification strategy. They
indicate that the main results are unlikely driven by omitted variables or differential
trends in economic development across regions. If this were the case, omitted variables
or trends would have biased the estimates for the two samples in the same direction.
However, the estimated effects of reform exposure at birth and at school-entry age
have opposite signs, which points against many confounding factors and alternative
interpretations.

In Table 3.7, I re-estimate Equation 3.2 with the set of health outcomes as de-
pendent variables. The theory of fetal origins hypothesizes that post-infancy cir-
cumstances have minor effects on health endowments since they do not occur during
the critical period for “programming”. Therefore, shocks and interventions later in
life tend to play a limited role in shaping individuals’ long-term health. Consistent
with this hypothesis, I find muted effects of reform exposure at school entry age on
adult health status. These estimates are fairly small in magnitude and statistically
indistinguishable from zero for all specifications.

Table 3.8 provides evidence that exposure to reform at school-entry age translates
into lower socioeconomic status in adulthood. In Columns 1 and 2, a 10 percentage
point increase in the reform adoption rate reduces the likelihood that a rural child
switches to urban residency by roughly 1.7 percentage points. Consistent with this,
the results in Columns 5-6 suggest that individuals would also be more likely to work
jobs with less prestige; the ISEI occupational status score drops by 0.65, corresponding
to 2 percent of the sample mean. Due to the lack of statistical power, I do not find
precisely estimated effects on income. Rather, the point estimates for income are
small, and are sensitive to the inclusion of different sets of controls.

I then conduct several robustness checks for the above results. To account for
potentially confounding effects of exposure at adjacent ages, in Appendix Table 3.14,
I include reform adoption rates from ages 5 to 8 as additional controls; the estimates
for age 6 remain similar both in terms of size and significance level. Appendix Table
3.15 shows that the negative effect of reform exposure on education, urban residency,

and occupation scores do not exhibit significant differences by gender; coefficients
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on the interaction terms are always small and statistically insignificant. In addition,
the placebo tests based on the sample of respondents who were born during the
same period, but in urban areas, reveals no any statistically discernible effects. Once
again, it suggests that the main results are not driven by unobserved confounders at
the provincial level. The results of the placebo test are reported in Appendix Table
3.16.

Finally, the results do not appear to be driven by endogenous fertility responses
or selective child survival. The reform may have changed parents’ fertility choices. If
they had chosen to have more children as a result of the reform, a larger family size
would have reduced the resources available for each child. This could have, in turn,
decreased educational investment in school-age children. Similarly, if the reform had
reduced infant mortality, family size would also have increased and human capital
investment in each child would have fallen. If either were the case, the same negative
effects should hold for both the early-life and the school-age samples. However, the
opposite effects documented contradict that possibility and are inconsistent with both
the changing fertility and the mortality hypotheses. Nonetheless, I provide empirical
evidence in Appendix Table 3.17 that the reform did not significantly affect birth

cohort size.

3.6 Conclusion

In recent decades, programs designed to improve property rights have been effec-
tive at targeting the poor and have lifted many of them out of poverty. The Chinese
Household Responsibility System (HRS) reform is one of the most successful efforts
of this kind in the developing world. It has transformed China’s land property rights
from a communal system into an individualized tenure system. It has also stimulated
labor productivity and rural household incomes. Although much is known about how
this reform has contributed to poverty reduction and China’s economic growth, less
is known about how it has affected the well-being of targeted populations over the
long term.

This study evaluates the long-term effects of HRS reform on individuals’ health,
education, and labor market outcomes. I find that the positive effects of higher income
are not overwhelmed by any negative consequences from being born in a potentially
disruptive reform period. The empirical evidence suggests that HRS reform signifi-
cantly improved later-life outcomes for those exposed to the reform very early in life.

Individuals who had birth-year reform exposure tended to be taller, healthier, com-
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plete more years of schooling, have stronger labor market performance, and achieve
higher political status in adulthood. However, the findings also show that the reform
significantly reduced human capital investment in those exposed at critical school
ages. Individuals exposed to the reform at age 6 were less likely to have received
formal education and were more likely to have stayed in rural areas over the long
term.

From a research perspective, this study’s findings corroborate the fetal origins
hypothesis and standard economic models of optimal human capital investment. From
a policy perspective, this study informs neglected long-run benefits of property reform,
as well as its unintended consequences on the distribution of schooling. In most
agricultural economies where land is the major source of subsistence and income,
improved land property rights may disproportionately increase income in the low-
skill, agricultural sector. This likely increases opportunity costs of schooling and
depresses returns to education, leading to decreased human capital investment in
children. Likewise, many anti-poverty workfare programs in the developing world
provide low-skill job opportunities to the poor and may have similar effects.!? Given
the significance of human capital in the process of economic growth, a comprehensive
understanding of these programs’ costs and benefits is crucial for policymakers, so as

to balance multiple objectives.

12For instance, Shah and Steinberg (2019) find that India’s NREGS decreases children’s school
enrollment and academic performance.
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3.7 Tables and Figures

Table 3.1: Summary Statistics

VARIABLES Mean s.d. Obs.

Early Life Sample:

Male 0.464 0.499 2,629
HRS Adoption Rate in Birth Year, % 46.37 43.39 2,572
High School Completion 0.255 0.436 2,627
Years of Schooling 8.347 4.257 2,627
Height, c¢m 164.8 7.594 2,602
Health Score, 1-7 5.618 1.086 2,625
Urban residency 0.195 0.396 2,627
Monthly Income, yuan 1,087 1,827 2,605
ISEI Occupational Score 35.96 15.46 1,607
Communist Party Member 0.039 0.193 2,629
Precipitation in Birth Year, log 4.180 0.549 2,629
Physicians per ten thousand in Birth Year 2.225 0.930 2,629

School-age Sample:

Male 0.465 0.499 3,440
HRS Adoption Rate at Age 6, % 43.44 43.27 3,400
Primary Education or above 0.784 0.411 3,440
Years of Schooling 7.061 4.477 3,440
Height, c¢m 163.8 7.601 3,392
Health Score, 1-7 5.394 1.164 3,439
Urban residency 0.188 0.390 3,438
Monthly Income, yuan 998.5 1,589 3,414
ISEI Occupational Score 33.09 14.47 2,149
Communist Party Member 0.053 0.224 3,440
Precipitation at Age 6, log 4.167 0.54 3,440
Primary School Teachers per 10,000 at Age 6 3.772 1.513 3,440

Notes: This table reports summary statistics on outcome variables and principal controls.
The early-life sample are respondents born during the reform period. The school-age sample
are those who turned 6 during the same period (born between 1972 and 1978).
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Table 3.2: Effects of Birth-year Reform Exposure on Educational Attainment

VARIABLES

High School

Years of Schooling

(1)

(2)

(3)

(4) (5) (6)

Birth Year HRS (/10)

Mean of dep. var.
Trends

Time-varying controls
Observations

R-squared

019%*
(.007)

245
N
N

2,570

104

018*
(.007

245
Y
N

*

)

2,570

106

018%*
(.007)

245
Y
Y

2,570

107

L13HER 1Rk 5%
(.039)  (.040) (.042)
8261 8261  8.261
N Y Y
N N Y
2570 2,570 2,570
144 146 146

Notes: The dependent variable is an indicator for high school completion in Columns 1-3,

and is total years of schooling in Columns 4-6. All regressions control for birth province
and birth year fixed effects. Columns 2 and 4 also include birth year linear trend interacted

with pre-reform provincial characteristics (distance to Beijing, cumulative famine mortality,
rural population share, and per capita grain output in 1978). Columns 3 and 6 additionally
control for the log of rainfall, and the number of doctors per capita in the birth year.

Estimates are weighted using survey weights. Robust standard errors clustered at the birth

province level appear in parentheses (***p<0.01, **p<0.05, *p<0.1).
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Table 3.4: Effects of Birth-year Reform Exposure on Socioeconomic Status

Urban Residency Monthly Income
VARIABLES
(1) (2) (3) (4)
Birth Year HRS (/10) 017+ .014* 59.31%* 61.19%
(.008) (.008) (31.61) (32.20)
Mean of dep. var. .186 .186 1,062 1,062
Trends and controls N Y N Y
Observations 2,570 2,570 2,548 2,548
R-squared .068 071 .088 .089
Occupational Score Party Membership
VARIABLES
(5) (6) (7) (8)
Birth Year HRS (/10) TT2HHE (Vi 010%** 011%%*
(.317) (.330) (.003) (.004)
Mean of dep. var. 35.70 35.70 .039 .039
Trends and controls N Y N Y
Observations 1,563 1,563 2,572 2,572
R-squared .096 101 .034 .036

Notes: The dependent variable is an indicator for urban hukou in Columns 1-2, monthly
income in Columns 3—4, ISEI occupational score in Columns 5-6, and is an indicator for
affiliation with the Chinese Communist Party in Columns 7-8. All regressions control for
birth province and birth year fixed effects. Additionally, even columns control for birth
year linear trend interacted with pre-reform provincial characteristics (distance to Beijing,
cumulative famine mortality, rural population share, and per capita grain output in 1978),
the log of rainfall, and the number of doctors per capita in the birth year. Estimates are
weighted using survey weights. Robust standard errors clustered at the birth province level
appear in parentheses (***p<0.01, **p<0.05, *p<0.1).
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Table 3.6: Effects of Reform Exposure at Age 6 on Educational Attainment

VARIABLES

Formal Education

Years of Schooling

(1)

(2)

(3)

4 0

(6)

HRS at Age 6 (/10)

Mean of dep. var.

Trends

Time-varying controls

Observations

R-squared

~.011*
(.006)

782
N
N

3,400

151

~.012%*
(.005)

782
Y
N

3,400

152

~011%%
(.005)

7182
Y
Y

3,400

152

~137  -.141%
(.083)  (.082)

7.019 7.019
N Y
N N

3,400 3,400

.160 161

-.142%
(.081)

7.019
Y
Y

3,400

161

Notes: The dependent variable is an indicator for any formal education in Columns 1-3,
which takes the value 1 if an individual has ever received primary education, and is total
years of schooling in Columns 4—6. All regressions control for birth province and birth year
fixed effects. Columns 2 and 4 also control for birth year linear trend interacted with pre-
reform provincial characteristics (distance to Beijing, cumulative famine mortality, rural
population share, and per capita grain output in 1978). Columns 3 and 6 additionally
control for the log of rainfall, and the number of primary school teachers per capita at age
6. Estimates are weighted using survey weights. Robust standard errors clustered at the
birth province level appear in parentheses (***p<0.01, **p<0.05, *p<0.1).
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Table 3.8: Effects of Reform Exposure at Age 6 on Socioeconomic Status

Urban Residency Monthly Income
VARIABLES
(1) (2) (3) (4)
HRS at Age 6 (/10) -.018%%* 017Kk 3.409 -.815
(.005) (.005) (25.99) (25.52)
Outcome mean 182 182 979.5 979.5
Trends and controls N Y N Y
Observations 3,398 3,398 3,374 3,374
R-squared .095 .098 .098 .100
Occupational Score Party Membership
VARIABLES
(5) (6) (7) (8)
HRS at Age 6 (/10) -.617* -.659%* .005 .005
(.343) (.339) (.003) (.003)
Outcome mean 32.97 32.97 052 .052
Trends and controls N Y N Y
Observations 2,119 2,119 3,400 3,400
R-squared .109 113 .029 .031

Notes: The dependent variable is an indicator for urban hukou in Columns 1-2, monthly
income in Columns 3—4, ISEI occupational score in Columns 5-6, and is an indicator for
affiliation with the Chinese Communist Party in Columns 7-8. All regressions control for
birth province and birth year fixed effects. Additionally, even columns control for birth
year linear trend interacted with pre-reform provincial characteristics (distance to Beijing,
cumulative famine mortality, rural population share, and per capita grain output in 1978),
the log of rainfall, and the number of primary school teachers per capita at age 6. Estimates
are weighted using survey weights. Robust standard errors clustered at the birth province
level appear in parentheses (***p<0.01, **p<0.05, *p<0.1).
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Figure 3.1: Total Factor Productivity (TFP) in Chinese Agriculture, 1952-1988

Notes: This figure plots the TFP index in Chinese agriculture by year. The TFP in the
base year (1952) is normalized to 100. Data are drawn from Lin (1990).
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Figure 3.2: HRS Reform and per capita Grain Output

Notes: This figure plots residuals from regressions of the per capita grain output and
the HRS adoption rate. The regressions include province fixed effects, year fixed effects,
and province-specific time trends. Corresponding estimates are reported in Column 4 of
Appendix Table 3.9.
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Figure 3.3: HRS Adoption Rate across Chinese Provinces in 1981
Notes: This figure demonstrates the variation in HRS adoption rate across Chinese

provinces in 1981. The adoption rate is defined as the fraction of production teams that
had adopted HRS by the end of each year.
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3.8 Appendix: Additional Results

Table 3.9: Effects of HRS Reform on per capita Grain Output

per capita Log per capita
VARIABLES Grain Output Grain Output
(1) (2) (3) (4)
HRS Adoption Rate 174.9%* 195.5%* 2177HHK 213%*
(68.45) (94.35) (.075) (.090)
Mean of dep. var. 437.1 437.1 6.037 6.037
Province-Specific Trends N Y N Y
Observations 190 190 190 190
R-squared .841 943 931 .964

Notes: The unit of observation is province by year. The sample period is 1978-1984.
Columns 1 and 2 use per capita grain output as the dependent variable. Columns 3 and 4
use the log of per capita grain output as the dependent variable. Columns 1 and 3 control
for province and year fixed effects. Columns 2 and 4 also include province-specific linear
time trends. Robust standard errors clustered at the province level appear in parentheses
(***p<0.01, **p<0.05, *p<0.1).
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Table 3.11: Effects of Birth-year Reform Exposure on Employment

Employment Status

VARIABLES
(1) (2) (3)
Birth Year HRS (/10) -.012 -.014 -.013
(.011) (.011) (.011)
Mean of dep. var. .648 .648 .648
Trends N Y Y
Time-varying controls N N Y
Observations 2,499 2,499 2,499
R-squared .046 .047 .048

Notes: The dependent variable is an indicator that equals 1 if respondents are currently
employed. All regressions control for birth province and birth year fixed effects. Column
2 also includes birth year linear trend interacted with pre-reform provincial characteristics
(distance to Beijing, cumulative famine mortality, rural population share, and per capita
grain output in 1978). Column 3 additionally controls for the log of rainfall and the number
of doctors per capita in the birth year. Estimates are weighted using survey weights. Robust
standard errors clustered at the birth province level appear in parentheses (***p<0.01,
**p<0.05, *p<0.1).
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Table 3.17: Effects of HRS Reform on Birth Cohort Size (Selection Checks)

Log Birth Cohort Size Log Rural Birth Cohort Size
VARIABLES year t year t+1 year t-1 year t year t+1  year t-1

(1) (2) (3) (4) (5) (6)
Birth-year HRS /10  -.000 .001 -.004 .007 010 -.004

(.007)  (.004)  (.009) (.008)  (.006) (.009)

Mean of dep. 8.581 8.581 8.581 8.333 8.333 8.333
Observations 190 190 190 190 190 190
R-squared 989 990 988 988 989 990

Notes: The unit of observation is province by year. The sample period is 1978-1984. The
dependent variables in Columns 1-3 are the log of birth cohort size in the current year
(t), following year (t+1), and previous year (t-1), respectively. Corresponding rural birth
cohort sizes are used as dependent variables in Columns 4-6, respectively. All regressions
control for province and year fixed effects. Robust standard errors clustered at the province
level appear in parentheses (***p<0.01, **p<0.05, *p<0.1).
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62.82-117.41

Figure 3.4: Cumulative Famine Mortality during China’s Great Leap Famine

Notes: This figure demonstrates the cumulative famine deaths in each province from 1958
to 1962. Famine mortality is defined as the difference in mortality between famine and
non-famine years (1955-1957).
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3.9 Appendix: Selection Checks

The main analysis shows that HRS reform has a positive effect on various adult
outcomes for individuals exposed early in life; it has a negative effect on educational
attainment for those exposed at critical school ages. I interpret these results as evi-
dence consistent with the fetal origins theory and standard models of optimal human
capital investment, respectively. In this section, I evaluate whether the interpretations
will be threatened by the selective child mortality or endogenous fertility responses.

The following equation is similar to that used in Miller and Urdinola (2010):
Birth,; = a + 8 x Adoption,, +v X X + g, + 6 + €.

The dependent variable, Birth,,, is the log of the birth cohort size in province p and
year ¢, constructed from the 1990 wave of the Chinese population census. Adoption,,
again is the reform adoption rate in that province and year. I use data from 1978 to
1984 and control for province and year fixed effects for all regression models.
Column 1 of Table 3.17 presents the basic results. Column 2 uses birth cohort size
in the leading year t + 1 as the dependent variable to account for the fact that most
fertility decisions are made roughly one year before the children are born. The birth
cohort size in the previous year ¢t — 1 is used in Column 3. The rationale for using
birth cohort size from the previous year is that if reform in the current year ¢t increases
the infant mortality rate, especially among children aged 1 or below, there should be
a smaller cohort size for the previous year t — 1 (Miller and Urdinola, 2010). Columns
4 through 6 restrict the analysis to individuals born in rural areas and report the
analogous regression results. Overall, the results indicate that HRS reform has no
discernible effect on birth cohort size. This suggests endogenous fertility responses or

selective child survival are unlikely to bias the main results.
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