Essays on the Political Economics of China’s
Development

Ruixue Jia

ii

© Ruixue Jia, Stockholm, 2013
ISSN 0346-6892
ISBN 978-91-7447-686-6
Cover Picture: Getty Images, a blue sky on the LED screen at the smoggy Tiananmen Square
Printed in Sweden by PrintCenter US-AB, Stockholm 2013
Distributor: Institute for International Economic Studies

iii
Doctoral Dissertation
Department of Economics
Stockholm University

Abstract
Complementary Roles of Connections and Performance in Political Selection in China

Who becomes a top politician in China? We focus on

provincial leaders, a pool of candidates for top political office, and examine how their chance of being promoted depends on performance – measured by provincial economic growth – and connections with top politicians – measured by past joint work in the same branch of government. A
simple theoretical framework suggests that performance and connections
may interact, an aspect ignored in the previous literature. Over the period
1993–2009, we find a positive correlation between promotion and growth
that is robustly stronger for connected provincial leaders than for unconnected ones. This evidence indicates that performance and connections are
complements in the Chinese political selection process. Auxiliary evidence
suggests that the documented promotion pattern does not distort the allocation of talent.
Pollution for Promotion

This paper provides evidence on the impact of

political incentives on the environment using the case of China’s pollution. Guided by a simple career concerns model with the choice of dirty
and clean technologies, I examine empirically how promotion incentives of
provincial governors affect pollution. To find exogenous variation in promotion incentives, I explore within-governor variation in connections with
key officials due to reshuffling at the center and document the fact that
connections are complementary to economic performance for governors’
promotion. The data confirms the model prediction that connections increase pollution. Auxiliary predictions of the model are also confirmed by
the data. First, a higher relative price of clean technologies increases the
use of dirty technologies, and this substitution effect is strengthened by
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connections. Second, the impact of connections on pollution is more than
proportional to their impact on GDP. The evidence from different sources of
data is consistent with the interpretation that connections affect the policy
choices of politicians.

Decentralization, Collusion and Coalmine Deaths This paper investigates how collusion between regulators and firms affects workplace safety
using the case of China’s coalmine deaths. We argue that decentralization
makes collusion more likely and that its effect is further strengthened if
transaction costs of collusion are lower. These hypotheses are tested by investigating the impact of decentralization contingent on regulators’ characteristics. We find that decentralization increases coalmine death rates by
about 25%. Moreover, both within-province and within-regulator estimates
show that this increase in mortality is larger for the regulators with lower
transaction costs. We also provide evidence for a deterrent effect of media
exposure on collusion.

The Legacies of Forced Freedom: China’s Treaty Ports This paper investigates the long-run development of China’s treaty ports from the mid-18th
century until today. Focusing on a sample of prefectures on the coast or on
the Yangtze River, I find that population growth rate is about 30% higher
in the treaty ports group after they had been opened to foreign trade and
Western institutions. However, when all parts of China were closed to foreign influence between 1949 and 1978, all prefectures in the sample grew
at similar rates again. After China had once more begun to open up after
the 1980s, it was these treaty ports which were among the first to take advantage of the new globalization opportunities, as shown by faster GDP
growth. Moreover, I document that migration plays an important role in
explaining the long-run impact on population growth and that the commerce and service sector is the main driver of the long-run advantage of
treaty ports.

v
Weather Shocks, Sweet Potatoes and Peasant Revolts in Historical China
I use data covering 267 prefectures over four centuries to investigate two
questions about historical China. To what extent did weather shocks cause
civil conflict? And to what extent did the historical introduction of (droughtresistant) sweet potatoes mitigate these effects? I find that before the introduction of sweet potatoes, exceptional droughts increased the probability of peasant revolts by around 0.7 percentage points, which translates
into a revolt probability in drought years that is more than twice the average revolt probability. After the introduction of sweet potatoes, exceptional
droughts only increased the probability of peasant revolts by around 0.2
percentage points.
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Chapter 1

Introduction
This thesis consists of five self-contained essays, revolving around two main
themes. First, how do politicians become incentivized in China and how
do their incentives affect economic development? I study China partly because I am from this country and have been puzzled by many paradoxes
in its development process. For instance, it is an autocracy but seems to select competent politicians. “A person with Barack Obama’s pre-presidential
professional experience would not even be the manager of a small county in
China’s system”, as remarked in a report in Foreign Affairs (Foreign Affairs
2013). Meanwhile, competent politicians are often accused of being important players behind many social problems such as workplace safety and
environmental pollution. I would like to use my knowledge to understand
these paradoxes. Chapters 2-4 are three essays along this theme. Chapter
2 studies the political selection process and Chapter 3 further investigates
how the selection system affects policies, especially the environment. Different from the upward incentives induced by political selection, Chapter 4
focuses on how the downward incentives – colluding with firms to obtain
rents – affect coal mine deaths.
In the process of working on these research questions, I have gradually found that the problems in China are not really specific to this country.
For example, Chapter 3 shows that politicians sacrifice the environment
for their promotion chance in China. In democracies, they may also sacri1
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fice the environment to create jobs for voters. The Ilva steelworks pollution scandal in southern Italy in 2012 is an example of deliberate political
neglect because Ilva was an important job provider. Chapter 4 finds that
regulators collude with coal mines in China for rents, which leads to more
coalmine deaths. This logic also applies to the logging in the prime forests
in Liberia (Global Witness 2012). Despite the challenges of data availability
and quality, I feel that it is a bliss to study China because it provides a fertile
research ground and the findings from this ground may some shed light on
other contexts.
The second theme of the thesis is how and why history matters for development. Besides a personal interest in history, understanding economic
history can be particularly useful for two reasons. In many cases, historical
legacy affects modern development and it is worthwhile investigating the
long-run impacts of historical events. Chapter 5 provides an example by
documenting the long-run impact of treaty ports. The other reason is that
historical data may help us study some questions that are difficult to study
with modern data. Chapter 6 examines how economic shocks and technology adoption affect violence using data on peasant revolts in historical
China, which may be difficult to study in the modern world.
In what follows, I outline the methodologies and results of the five essays, starting with the first two combined, as they are closely related to the
political selection scheme.
Chapter 2, “Complementary Roles of Connections and Performance
in Political Selection in China” (co-authored with Masa Kudamatsu and
David Seim), and Chapter 3, “Pollution for Promotion”, are closely related
to the upward political incentives, i.e., getting promoted.
Chapter 2 considers a pool of candidates for top political office (provincial leaders) and examines how their chance of being promoted depends on
performance – measured by provincial economic growth – and connections
with top politicians – measured by past joint work in the same branch of
government. My co-authors and I find a positive correlation between promotion and growth that is robustly stronger for connected provincial leaders than for unconnected ones. This evidence indicates that performance
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and connections are complements and suggests that meritocracy (selecting by performance) and patronage (selecting by connections) can coexist.
This finding also reconciles a recent debate between political scientists and
economist on the roles of connections versus performance (Shih et al. 2012;
Li and Zhou 2005).
Chapter 3 provides evidence on the impact of political incentives on
the environment using the case of China’s pollution. Guided by a simple
career concerns model with the choice of dirty and clean technologies, I examine empirically how the promotion incentives of provincial governors
affect pollution. To find exogenous variation in promotion incentives, I use
the finding in Chapter 2 that connections are complementary to economic
performance for leaders’ promotion and explore within-governor variation
in connections with key officials due to reshuffling at the center. The data
confirms the model prediction that connections increase pollution. Auxiliary predictions of the model are also confirmed by the data. First, a higher
relative price of clean technologies increases the use of dirty technologies,
and this substitution effect is strengthened by connections. Second, the impact of connections on pollution is more than proportional to their impact
on GDP. The evidence from different sources of data is consistent with the
interpretation that connections affect the policy choices of politicians.
There are two main contributions from this essay. First, it provides evidence on a different role of connections from existing literature. Although
it is not surprising that connections and performance can be complements
in many contexts, this role of connections has not been empirically documented. Second, it offers a study of how political incentives affect the environment to the relatively thin literature on the political economy of the
environment.
Chapter 4, “Decentralization, Collusion and Coalmine Deaths” (coauthored with Huihua Nie), focuses on the impact of downward incentives
for politicians in charge of coalmine safety. As safety regulators are not
likely to be promoted, they turn to colluding with firms for rents. The
collusion possibility screws up the intended effect of decentralization, as
suggested in a line of theoretical work on delegation and collusion (Ti-
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role 1986, Kofman and Lawarree 1993, Laffont and Martimort 1998). In the
context of China, decentralization has been documented to be an important driving force for growth (Jin, Qian, and Weingast 2005; Lin and Liu
2000). This is what motivated the Central government to decentralize all
94 key state coalmines to the provincial governments in 1998. The decentralization period lasted until 2001 when the Central government decided
to re-centralize the safety supervision power. We find that the death rates
increase by 30% in the decentralization period. The impact is particularly
larger if the Safety governors are native, because they have a larger social
network to collude with local coalmine firms.
Are there ways of preventing collusion? This essay also provides some
evidence on the benefit of media exposure and finds that media exposure
measured by the number of newspapers in a province decreases the death
rates.
Chapter 5, “The Legacies of Forced Freedom: China’s Treaty Ports”,
studies the development paths of treaty ports from the mid-18th century
until today and compare them with their neighbors that have the same advantages in geography. I find that population grew about 30% faster in the
treaty ports group after it had been opened to foreign trade and Western
institutions. However, when all parts of China were closed to foreign influence between 1949 and 1978, all prefectures in the sample grew at similar
rates again. After China had once more begun to open up after the 1980s, it
was these treaty ports which were among the first to take advantage of the
new globalization opportunities, as shown by higher GDP growth rates.
Moreover, I document that migration plays an important role in explaining the long-run impact on population growth and that the commerce and
service sector is the main driver of the long-run advantage of treaty ports.
Considering that the formal institutions brought by the Western countries
were erased between 1949 and 1978, treaty ports still had an advantage
once the country was opened. This finding sheds some light on the importance and persistence of informal institutions and contributes to a large
literature on whether and why history matters for development (see Nunn
(2009) for a thorough survey of related research).
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Chapter 6, “Weather Shocks, Sweet Potatoes and Peasant Revolts in
Historical China”, uses data covering 267 prefectures over more than four
centuries to investigate two questions about historical China. To what extent did weather-induced bad harvests cause civil conflict? And to what
extent did the historical introduction of (drought-resistant) sweet potatoes
mitigate these effects? I find that exceptional droughts increased the probability of a peasant revolt by 0.6 percentage points before the introduction of
sweet potatoes. The introduction of sweet potatoes mitigated the effects of
droughts on revolts significantly. This study gives quantitative evidence for
hypotheses on weather and conflict put forward by historians (Diamond
2006; Fagan 2009). Moreover, it suggests that technology adoption has effect on social stability, which has policy implications for the development
in modern world. For instance, providing technical assistance to African
countries may have very different effects than providing monetary aid.

References
Diamond, Jared (2006). Collapse: How Societies Choose to Fail or Succeed, New
York: Penguin Group.
Fagan, Brian (2009). Floods, Famines, and Emperors: El Nino and the Fate of
Civilizations, New York: Basic Books.
Foreign Affairs (2013). “The Life of The Party”, January/February 2013.
Global Witness (2012). “Liberian Forests to be Flattened by Secret Logging
Contracts”, http://www.globalwitness.org/signingtheirlivesaway.
Jin, Hehui, Yingyi Qian and Barry Weingast (2005). “Regional Decentralization and Fiscal Incentives: Federalism Chinese Style”, Journal of Public
Economics, 89: 1719-42
Kofman, Fred and Jacques Lawarree (1993). “Collusion in Hierarchical Agency”.
Econometrica 61: 629-56.
Laffont, Jean-Jacques and David Martimort (1998). “Collusion and Delegation”. The Rand Journal of Economics 29: 280-305.

6

Introduction

Li, Hongbin and Li-An Zhou (2005). “Political Turnover and Economic Performance: the Incentive Role of Personnel Control in China”, Journal of Public Economics 89: 1743-62.
Lin, Justin Yifu and Zhiqiang Liu (2000). “Fiscal Decentralization and Economic Growth in China”, Economic Development and Cultural Change, 49:
1-21.
Nunn, Nathan (2009). “The Importance of History for Economic Development”, Annual Review of Economics 1: 65-92.
Shih, Victor, Christoper Adolph and Mingxing Liu (2012). “Getting Ahead
in the Communist Party: Explaining the Advancement of Central Committee Members in China”, American Political Science Review 106: 166-87.
Tirole, Jean (1986). “Hierarchies and Bureaucracies: On the Role of Collusion in Organizations”, Journal of Law, Economics and Organizations 2: 181214.

Chapter 2

Complementary Roles of
Connections and Performance
in Political Selection in China∗
2.1

Introduction

Who becomes a top politician in China? The spectacular economic performance of the Chinese economy in the past few decades suggests that the
politicians selected to rule the country may have been conducive to growth,
or at least not detrimental to economic development. However, the existing literature on political selection largely remains quiet about what deter∗
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mines the selection of politicians in a non-democratic country like China.1
In this paper, we attempt to fill this gap in the literature by examining what
determines the promotion of provincial leaders in China, a pool of candidates for top posts in the central government.2 In particular, we focus
on two determinants of promotion often discussed by academics and observers of Chinese politics: performance and connections.
Since China is ruled by the Communist Party, the political selection process is equivalent to the promotion of party officials. On the one hand, several empirical studies show that party officials in local governments are
more likely to be promoted to higher levels of government if they achieve
higher economic growth.3 On the other hand, anecdotal evidence and a
more systematic empirical analysis by Shih et al. (2012) suggest that social connections to top leaders determine the chance of promotion.4 These
two views also appear prominently in the mass media coverage of Chinese
1

Most studies in the literature on political selection focus on democracy. See Caselli and
Morelli (2004), Messner and Polborn (2004), Besley (2005), Mattozzi and Merlo (2008, 2011),
Ferraz and Finan (2011), Galasso and Nannicini (2011), and Besley et al. (2012) among
others. Acemoglu et al. (2010) and Besley and Reynal-Querol (2011) compare democracies and non-democracies in terms of political selection. Egorov and Sonin (2011) focus
on the dictator’s trade-off between choosing competent and loyal politicians as his subordinates. Garcia-Jimeno and Robinson (2011) provide empirical evidence on the type of
politicians appointed to mayorship in 19th century Colombia. Francois et al. (2012) analyze
how African dictators allocate cabinet minister positions across different ethnic groups.
2
For example, the three most recent General Secretaries of the Chinese Communist Party
(the highest ranked politician in China) all used to be provincial leaders: Shanghai (one of
the four municipalities with provincial status) for Jiang Zemin, Guizhou and Tibet for Hu
Jintao, and Zhejiang and Fujian for Xi Jinping.
3
Bo (1996, 2002), Maskin et al. (2000), Li and Zhou (2005) and Chen et al. (2005) provide
evidence for provincial leaders, Whiting (2000) and Edin (2003) for township leaders, and
Landry (2008) for mayors. Huang (1998) appears to be the first to argue that the Chinese
central government uses performance-based promotion to overcome the difficulty in controlling local government officials. Blanchard and Shleifer (2001) apply this argument to
explain economic growth in China. Li (2012) provides evidence that the performance-based
promotion scheme for provincial leaders drives business cycles in China. See also Xu (2011)
for a thorough survey of this literature.
4
Jiang Zemin, General Secretary from 1989 to 2002, is well-known for having promoted
his former colleagues when he was the leader of Shanghai (those promoted are thus known
as the Shanghai clique). Hu Jintao, who succeeded Jiang in 2002, is also widely known for
having promoted his former colleagues while being the leader of the Communist Youth
League, a youth organization of the Chinese Communist Party (such promoted officials are
known as tuanpai).
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politics.5 We argue that considering either or both of these two aspects in
isolation fails to take into account the possibility of important interaction
effects between connections and performance in the promotion process. To
check this possibility, we conduct an empirical analysis of whether connections and performance are complements or substitutes as the determinants
of promotion for provincial leaders.
As the interdependent roles of connections and performance in the promotion decision have never been discussed in the previous literature, we
first present a simple model of promotion to illustrate why connections
and performance may jointly affect the chance of promotion. In this model,
promotion acts as a screening device.6 Connections play either a loyaltyfostering role (increasing the top politicians’ probability of survival) or an
informational role (conveying information on the ability of candidates for
promotion). When the loyalty-fostering role of connections dominates, connections and performance complement each other to increase the chance of
promotion. If the informational role dominates, on the other hand, the two
determinants of promotion are substitutes.
To investigate whether the correlation between promotion and performance is stronger or weaker for connected officials as compared to unconnected ones, we construct a sample of Chinese provincial leaders in office
between 1993 and 2009. Using the curriculum vitae of Communist Party
officials, we measure connections between these provincial leaders and the
top seven or nine party officials at the center by whether they used to work
in the same branch of the party or the government in the same period.7
To measure performance, we follow the literature and use the real GDP
growth of the province that each leader rules.
Neither connections nor growth are exogenous, even if we control for
5

For example, in the lead-up of the 18th National Congress of the Communist Party held
in November 2012, where many promotion decisions would be made, the New York Times
published articles emphasizing both aspects: Zhang (2012) for the performance view and
Wong (2012) for the connection view.
6
In Appendix Section 2.A, we also present a model of promotion where promotion acts
as an incentive scheme for provincial leaders to boost economic growth.
7
We also measure connections based on education and birth place, but these measures
do not have any significant correlations with promotion. See Section 2.5.4.

10

CONNECTIONS AND PERFORMANCE

province and year fixed effects. Therefore, we do not claim that our analysis
establishes causal effects of connections and performance on promotion.
Our aim is instead to present a robust empirical pattern that has previously
been ignored in the literature, namely, the correlation between promotion
and the interaction of connections with performance.8
We find that connected provincial leaders are, on average, significantly
more likely to be promoted than unconnected ones. However, this difference is driven by a stronger positive correlation between promotion and
economic growth for connected officials. Low-performing provincial leaders are unlikely to be promoted irrespective of their connections, while connections increase the likelihood of promotion for high-performing provincial leaders. In other words, connections and performance are indeed complements in the promotion of provincial leaders in China. In light of our
theoretical framework, this evidence is consistent with the prediction that
connections mainly play a role in fostering the loyalty of subordinates to
top politicians. Moreover, we find that the complementarity is stronger for
the connected pairs in which provincial leaders are substantially younger
than the PSC members. Since Communist Party officials compete for high
office with similar-aged peers, but not with senior peers, this finding provides further evidence in favor of the loyalty-fostering role of connections.
The documented pattern of correlations is remarkably robust to different definitions of promotion and to controlling for a wide range of covariates and their interaction terms with provincial economic growth that may
confound the effect of connections. Finally, by looking at a subset of provincial leaders who hold provincial leadership positions more than once (so
that we can measure their performance in terms of provincial economic
growth after the promotion decision has been made), we find suggestive
evidence that the promotion pattern we uncover does not distort the allo8
For provincial economic growth, exploiting its exogenous variation does not really help
us answer the question of whether performance affects promotion. An exogenous shock in
economic growth is, by definition, beyond the control of provincial leaders, and its effect
on promotion will reflect whether top leaders in China are fooled (see Bertrand and Mullainathan (2001) for such a study in the context of CEO pay), a question that might be of
less importance.
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cation of talent within the Communist Party.
In addition to the studies that have already been mentioned, this paper
is also related to an emerging literature on the impact of social connections to policy-makers (Fisman 2001, Khwaja and Mian 2005, and Blanes
i Vidal et al. 2011, among others). While these studies benefit from more
convincing causal inference than our study, they do not look at the impact
on political outcomes as we do.
In the context of China, Persson and Zhuravskaya (2012) find that provincial leaders who rule their native province invest less in infrastructure and
spend more on education and health than those not born in the province
they rule. They interpret this finding as the effect of stronger social connections between native provincial leaders and other provincial political elites.
The focus of our paper, on the other hand, is on provincial leaders’ connections to top leaders in the center. Shih (2004, 2008) gauges social connections
of provincial leaders in a similar way to ours, but investigates the impact
of connections on the loan-to-deposit ratio of each province, interpreted as
the support from the central government (as major banks are under the
control of the central government). We focus on the impact of connections
on political outcomes instead of policy outcomes.
The next section briefly introduces relevant aspects of the Chinese political system. Section 2.3 then lays out a simple theoretical framework describing how connections and performance may interact with each other
to affect the probability of promotion. Section 2.4 describes the data and
the empirical strategy. Section 2.5 reports the empirical results and various
robustness checks. Section 2.6 discusses our results and provides suggestive evidence on potential distortions in the allocation of talent. Section 2.7
concludes the paper.

2.2

Institutional Background

China’s highest decision-making body is the Politburo Standing Committee (PSC) of the Communist Party of China. It consists of seven (or nine
during 2002–2012) party officials including the General Secretary (the head
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of the Communist Party) and the Premier (the head of the Chinese government). Although the procedure of its decision-making is not public information, it is commonly believed that members of the PSC meet once a week
and make decisions by consensus (Shirk 1993, Miller 2004, McGregor 2010).
Among other things, the committee decides on which provincial leaders to
promote.
Each of the 31 provinces of China (including four municipalities with
provincial status and five autonomous regions) has two political leaders:
provincial secretary and provincial governor. The former is the head of the
provincial branch of the Communist Party, and the latter is the head of the
provincial government. Provincial secretaries are ranked equally to ministers in the central government, and ranked higher than provincial governors. By “provincial leaders”, we mean these two political leaders in each
province.
Provincial leaders in China have a large discretion over economic policies at the provincial level while their career prospects are controlled by the
central government.9 Provincial economic performance, specifically real GDP
growth, is considered to be a performance measure highly relevant to the
PSC’s promotion decision (Maskin, Qian, and Xu 2000; Blancher and Shleifer
2001).
Promoted provincial leaders may join the Politburo of the Communist Party (the second most powerful decision-making body after the PSC)
and/or become Vice-premier or State Councilor, the highest positions in the
central government after the Premier. In other words, promoted provincial
leaders become close colleagues of the PSC members. Promoting political
enemies may thus threaten the power of the PSC members.
In the next section, we present a simple model that incorporates these
institutional aspects of Chinese politics.

9

Xu (2011) refers to this institutional feature as a regionally decentralized authoritarian system. Although it is interesting to study the coordination and competition between secretaries and governors, we leave this to future research.

2.3. A SIMPLE MODEL

2.3
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A Simple Model

Since the previous literature ignores the interplay of connections and performance in the promotion decision for Chinese provincial leaders, we propose a theoretical framework to demonstrate how such interplay may emerge.
In this framework, the PSC acts as a unitary player. Social connections to a
PSC member play either of two roles in promotion. First, connections foster loyalty of provincial leaders to PSC members, implying that the probability of the PSC to survive in office is higher if the PSC promotes a connected provincial leader. Second, connections provide PSC members with
information on the ability of provincial leaders. We argue that the loyaltyfostering role of connections implies complementarity between connections
and performance while the informational role implies substitutability.
Of course, other mechanisms may explain complementarity or substitutability of connections and performance. In the Appendix (Section 2.A),
we model promotion as an incentive scheme for provincial leaders to boost
growth. That model predicts the interdependence of connections and performance as long as the PSC can commit to the promotion scheme, which
may be a strong assumption. Bargaining among PSC members with conflicting interests may also yield complementarity or substitutability of connections and performance. However, we know very little about the actual
bargaining process of the PSC. In addition, during the sample period of our
data (1993–2009), the membership composition of the PSC only changed
three times, not enough to test the implications of a bargaining model.
Although we do not claim that the framework in this section accurately
portrays the mechanism at work for the promotion of Chinese provincial
leaders, we think it is the simplest one to illustrate the interdependent roles
of connections and performance.

2.3.1

Model

Consider a simplified version of the standard career-concern model (Holmström 1982), where the PSC is the only strategic player and unitarily de-
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cides whether or not to promote a provincial leader i. Provincial leaders
are assumed to be non-strategic: they simply produce provincial economic
growth out of their talent. As we show in the Appendix (Section 2.A), the
theoretical results are mostly robust to a strategic provincial leader whose
effort affects provincial growth as in the standard career-concern model.
The unitary PSC derives its utility from the rent obtained by being in
office and the ability of the promoted provincial leader i, denoted by R and
ai , respectively. For simplicity, we assume the following functional form:
u(R, ai ) = R + ηai
where parameter η measures the extent to which the PSC prefers promoting
an official with higher ability (i.e. meritocracy).
Ability, ai , is assumed to be unobservable to the PSC. However, provincial economic growth since i starts ruling the province, denoted by gi , is
observed and determined by:
gi = ai + εi ,

(2.1)

where εi is normally distributed with mean zero and variance σε .
We now introduce connections into this framework. Let Ci ∈ {0, 1} be
an indicator that takes the value of one if i is connected to the PSC and
zero otherwise. The loyalty-fostering role of connections is represented by
assuming that the probability for the PSC of staying in power depends on
Ci , where this probability, denoted by p(Ci ), satisfies p(1) > p(0). Unconnected, and thus disloyal, officials are more likely than connected ones to
attempt to oust other PSC members, if they are promoted.
The informational role of connections is modeled as follows. The provincial leader’s ability, ai , is unobservable to the PSC but known to be normally
distributed with mean ā and variance σa (Ci ). If connections inform the PSC
of the ability of provincial leaders, the precision is higher: σa (1) < σa (0).10
10

As discussed below, allowing connections to affect the mean ability does not change
the nature of the interaction between connections and performance in determining the promotion probability.
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The expected utility of PSC from promoting i with connection status Ci
and growth performance gi , which we denote by WiCi , is then written as
follows:
WiCi ≡ E[u(R, ai )|gi ] = p(Ci )[R + ηE(ai |gi )],

(2.2)

where we normalize the payoff of being ousted from office to zero.
If the PSC does not promote i, its payoff is given by ū, which may represent the payoff of promoting the most able official in the central government or leaving the high-office position vacant. Provincial leader i is promoted if WiCi ≥ ū. Assuming that ū is distributed by its cumulative density
function F (ū), the probability of promotion for i is given by F (WiCi ). For
simplicity, we assume that ū is uniformly distributed with the probability
density µ.11

2.3.2

Analysis

From equation (2.1) and the distributional assumptions on ai and εi , E(ai |gi )
is given by the weighted average of gi and ā with the weights being the relative precision of growth and ability:
E(ai |gi ) = h(Ci )gi + (1 − h(Ci ))ā,

(2.3)

where
h(Ci ) ≡ σa (Ci )/(σa (Ci ) + σε ).
Note that σa (1) < σa (0) implies h(1) < h(0). That is, the informational role
of connections makes the precision of the prior on i’s ability higher.
Hence, the marginal increase in the promotion probability with respect
11

As shown in Appendix Section 2.A, the functional form for F (ū) does not matter in deriving the interdependence of connections and growth in the promotion probability as long
as one of the two roles of connections dominates the other. If the two roles of connections
are similarly important, whether connections and growth are complementary or substitutes
depends on the level of the observed growth rate, gi .
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to economic growth gi is:
∂F (WiCi )
= µηp(Ci )h(Ci ).
∂gi

(2.4)

If this expression is larger for Ci = 1 than for Ci = 0, connections and
growth complement each other in increasing the promotion probability. If
it is smaller for Ci = 1, connections and growth are substitutes. If it is the
same irrespective of Ci , the effects of connections and growth on promotion
are independent of each other.
Inspecting Equation (3.12) yields the following proposition.
Proposition 1. The effects of connections and growth on promotion are:
1. Independent if
(a) η = 0 or h(Ci ) = 0 (i.e. σε = ∞). In this case, provincial growth does
not affect the promotion probability, and the PSC prefers promoting
connected officials as long as p(1) > p(0).
(b) η > 0, h(Ci ) > 0, but p(1)h(1) = p(0)h(0). In this razors-edge
case, the promotion probability increases with growth, but not with
connections.
2. Complementary if η > 0 and
p(1)
h(0)
>
.
p(0)
h(1)

(2.5)

h(0)
p(1)
<
.
p(0)
h(1)

(2.6)

3. Substitutes if η > 0 and

Proof. Substitution of parameter conditions into expression (3.12) and comparison between Ci = 1 and Ci = 0 trivially prove the statements in the
proposition.
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Proposition 1 shows that the interplay of connections and growth in
affecting the promotion probability requires three conditions: (1) the PSC
cares about the ability of promoted officials, (2) provincial growth contains a signal on the ability of provincial leaders, and (3) connections play
at least one of the two roles specified in this model.12 The proposition
also shows that if the loyalty-fostering role of connections (represented by
p(1)/p(0)) is relatively larger (smaller) than the informational role of connections (h(0)/h(1)), the responsiveness of the promotion probability with
respect to growth is higher (lower) for connected provincial leaders.

2.3.3

Discussion

The Appendix (Section 2.A) discusses several extensions of the above model.
First of all, the probability of staying in office, p(Ci ), may decrease in ai
if competent officials threaten the survival of top leaders.13 On the other
hand, connections may mitigate this threat by fostering loyalty. In this case,
the result is robust as long as p(1)/p(0) is sufficiently larger or smaller than
h(0)/h(1).
Second, provincial leader i may be able to boost the economic growth of
his province by exerting effort (as in a standard career-concern model). As
long as ability and effort affect growth additively, however, such strategic
behavior of provincial leaders does not alter our result.
Finally, the role of connections in the above model may seem restrictive
in several ways. Average ability, ā, for example, may depend on Ci . Connected provincial leaders may have a higher ā if the PSC can screen out less
able candidates for provincial leadership positions among those connected.
However, as expression (3.12) does not contain ā, allowing connections to
influence ā does not change the above result.14
12
In the unlikely case in which the loyalty-fostering role of connections exactly cancels
the informational role of connections to satisfy p(1)h(1) = p(0)h(0), the interdependency
of connections and growth disappears (case 1 (b) in the Proposition).
13
Egorov and Sonin (2011) argue that the tradeoff between loyalty and ability creates a
dilemma for the dictator when choosing high officials. See also Besley et al. (2012) in the
context of the choice of electoral lists by political party leaders in Sweden.
14
For general distribution functions of ū, the result is robust as long as p(1)/p(0) is suffi-
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The variance of the stochastic shock in the growth process, σε , may also

be smaller for connected provincial leaders. Because of their loyalty to the
PSC, connected provincial leaders may have a larger incentive, or feel more
obliged, to tell the PSC the truth about what has happened to the economy of their province beyond their control. As discussed in the Appendix,
this role of connections makes condition (2.5) more likely to hold, even if
p(1) = p(0). We are unable to distinguish this mechanism from the political survival mechanism (i.e. through p(Ci ) in the model) in the empirical
analysis below.
In summary, the above analysis shows that the effects of connections
and growth on promotion can be intertwined, an insight that has been ignored in the previous literature. In the empirical analysis to follow, we investigate whether the promotion probability indeed responds to the interaction of connections and growth.

2.4

Data and Empirical Strategy

Our main data source is China Vitae (2012), a website run by a non-profit
organization in the United States. It publishes curriculum vitae (CV) of Chinese Communist Party officials who have held important positions since
late 1992. The CV includes the year of birth, the province of birth, colleges
attended, and, most importantly, the list of positions held in the party or in
the government (including state-owned enterprises) in the past, along with
the period in which each position was held.
We first explain how our sample of provincial leaders is selected and
then explain how we use their CV to measure promotion and connections.
We also discuss the data on provincial economic growth and present summary statistics. After presenting the data, we explain our main empirical
strategy.
ciently larger or smaller than h(0)/h(1). See Appendix Section 2.A.
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Sample

We focus on provincial secretaries and governors, who hold office for at
least twelve months in between June 1993 and June 2009.15 There are 275
provincial leadership spells (137 secretaries and 138 governors) that satisfy
these criteria. From this set of spells, we drop 17 (seven secretaries and ten
governors) whose CV is not available in China Vitae (2012).16 Since some
officials assume a provincial leadership position more than once, the total number of officials in the sample is 187, i.e. less than the 258 observed
leadership spells.

2.4.2

Promotion

Following Li and Zhou (2005), we define the promotion of a provincial secretary as becoming a member of the Politburo (the second highest decisionmaking body in the Communist Party, consisting of 20 to 25 members that
include all members of the PSC), a Vice-Premier or a State Councilor in the
central government.17 A provincial governor is promoted if he becomes a
secretary of the same or a different province. There is no instance where
a provincial governor joins the Politburo or becomes a Vice-Premier or a
State Councilor, suggesting that the two sets of provincial leaders compete
for separate higher offices.
15

We start from 1993 because China Vitae (2012) does not cover officials in office in June
1992 or before. Our sample period ends in 2009 as annual growth data is available up to
2009 when the first draft of this paper was written. We look at June because, following
Li and Zhou (2005), we measure the promotion outcome during the period between July of
year t and June of year t+1, which is to be matched with economic growth in year t. Finally,
we drop provincial leaders whose tenure is less than twelve months because the promotion
of such leaders is unlikely to be associated with annual provincial growth.
16
There is little attrition bias in terms of provincial economic growth: the difference in
the average annual provincial growth since assuming office is 0.7 percentage points (not
statistically different from zero), 6% of the whole sample mean, between provincial leaders
with and without an available CV, conditional on province and year fixed effects.
17
Some provincial secretaries join the Politburo without leaving office. If this happens,
we again follow Li and Zhou (2005) by recording this as their promotion and treating the
rest of the leadership spell as a separate one. There are three such cases. When a provincial secretary with the Politburo membership leaves office, joining the PSC is defined as
promotion.
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Assuming other positions in the central government such as vice-chairmanship

of the Chinese parliaments (National People’s Congress and Chinese People’s Political Consultative Conference) and, for governors, the head of a
ministry could perhaps also be seen as promotion (see Tao et al. 2010). We
investigate the robustness of our results to these wider definitions of promotion.

2.4.3

Connections

We measure the connection between a pair of party officials by whether
they used to work in the same branch of the Party or of the government
at the same time. In particular, we focus on links between each provincial
leader and any current member of the PSC, given that the PSC is in charge
of the decisions on the promotion of provincial leaders.18 The connection
indicator can thus change for the same provincial leader if his connected
PSC member resigns or if his connected official joins the PSC.19 In our sample period, we find that connections between PSC members and provincial
leaders are mostly formed at the provincial branches of the Party and of
the government, but also at central bodies such as ministries, the National
People’s Congress and the Communist Youth League.20
The focus on workplace-based connections among Chinese politicians
is motivated by the anecdotes mentioned in footnote 4: Jiang Zemin and Hu
Jintao promoted their former colleagues in Shanghai and the Communist
Youth League, respectively, once they became General Secretary. However,
the literature on informal politics in China (see Dittmer 1995, for exam18

We also consider links between each provincial leader and any current members of the
Politburo, to see if connections to the PSC may pick up the effect of being connected to the
political elite more generally.
19
Potentially we can exploit this within-individual variation to identify the impact of connections, as in Jia (2012), because membership changes in the PSC are plausibly exogenous.
Out of 187 officials in the data, however, only 25 change their connection status during their
tenure. When we estimate the stratified Cox proportional hazard model where the stratum
is each individual (so we can control for unobserved heterogeneity across individuals), we
obtain results with very large standard errors.
20
We also find that the difference in position ranks for connected pairs (each position of
the Party and the government has an official rank) is usually no more than two when they
worked together.
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ple) also points out the importance of other sources of connections among
politicians, such as graduating from the same college or hailing from the
same province. We investigate whether these alternative sources of connections are also of importance.
An estimation of the effect of connections defined in this way should be
seen as an “intention-to-treat” analysis, using the language of the programevaluation literature. Having worked together in the past does not necessarily mean being loyal to each other or being well informed about each
other’s ability. However, it is plausible that having worked together increases the probability of being loyal to and/or familiar with each other. As
a result, if we do not find connections significantly correlated with promotion, we should not interpret this to say that connections are unimportant.

2.4.4

Economic Growth

The data on provincial annual real GDP growth up to year 2009 is obtained
from the National Bureau of Statistics of China (2009, 2011).
One may question the reliability of the provincial GDP growth data,
given the possibility that higher growth increases the chance of promotion
for top provincial politicians. The central government of China ensures the
reliability of provincial GDP data in two ways.21 First, each provincial government is required to submit the figures for various subcomponents of
GDP. The National Bureau of Statistics (NBS) in the central government
then double-checks the total GDP figure by aggregating these subcomponents on its own. Second, the NBS conducts its own survey to obtain its
own estimates of provincial GDP. Therefore, even though provincial leaders may have an incentive to overreport the growth of their provincial economy, the provincial GDP data should reflect the actual performance of the
economy to a large extent.22
21

We thank Li-An Zhou for providing us with this information.
We corroborate the quality of the provincial growth data by checking if it reflects the
growth in nighttime lights observed by satellites. Nighttime lights can be seen as an objective measure of living standards, and therefore its correlation with GDP is indicative of
the quality of GDP data. Using data on nighttime lights from National Geophysical Data
Center (2010) and on Chinese provincial boundaries form Natural Earth (2012), we follow
22
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2.4.5

Summary Statistics

Column 1 of Table 2.1 reports summary statistics for the variables used in
the following analysis at the level of 258 leadership spells. Columns 2 and
3 restrict the sample to provincial secretaries and governors, respectively.
About a quarter of the provincial leadership spells end with promotion.
The promotion rate is lower for secretaries, consistent with the fact that
secretaries are more highly ranked than governors in the Communist Party
hierarchy. The share of spells with the provincial leader connected to PSC
members for at least one year is about a quarter, with a slightly higher share
for secretaries. The mean of average annual provincial real GDP growth
since assuming office is around eleven percentage points. Each leadership
spell lasts 4.3 years on average, consistent with the fact that the Communist
Party makes major personnel decisions every five years when the Party
Congress is held.
In the empirical analysis below, we construct a leader-year level sample in which each leadership spell is observed annually until the leader is
transferred to another position, irrespective of whether it is a promotion
or not. This process results in 966 observations. The summary statistics for
this sample is reported in column 4 of Table 2.1.
Figure 2.1 shows the rate of promotion (the line graph) and the distribution of tenure length (the bar graph) by the number of years in office. It
shows that the chance of promotion increases until the fifth year in office
and declines thereafter. The peak at five years is expected, since many of
the personnel decisions are made at the National Congress of the Communist Party which is held every five years. The figure also shows that the
majority of leadership spells ends in five years or less.

Henderson et al. (2012) in measuring and aggregating nighttime lights to the provincial
level. The correlation coefficient (conditional on province and year fixed effects) between
annual GDP growth and annual light growth is about 0.1, significantly different from zero
at the 5% level. This evidence suggests that real GDP growth, at least to some extent, reflects
improvements in some dimensions of living standards captured by nighttime lights.
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TABLE 2.1: D ESCRIPTIVE STATISTICS
(1)
All
spells

(2)
Secretary
spells

(3)
Governor
spells

(4)
Leader
years

Measures of promotion
Promoted
Minister
NPC
CPPCC

0.26
0.29
0.31
0.33

0.18
0.18
0.19
0.22

0.34
0.40
0.42
0.45

0.07
0.08
0.08
0.09

Measures of connections
Connection
Class
Alumni
Birth province

0.25
0.07
0.12
0.41

0.27
0.07
0.13
0.44

0.23
0.07
0.11
0.39

0.21
0.05
0.10
0.36

Growth

0.11
(0.02)

0.11
(0.02)

0.11
(0.02)

0.11
(0.02)

Term length

4.29
(2.27)

4.39
(2.42)

4.18
(2.12)

3.23
(2.14)

56.82
(4.10)
0.11
(0.02)
0.82
0.40
0.23
0.05

57.82
(4.09)
0.11
(0.02)
0.82
0.43
0.15
0.05

55.80
(3.86)
0.11
(0.03)
0.82
0.36
0.31
0.04

56.60
(3.80)
0.11
(0.02)
0.82
0.36
0.26
0.04

0.24
0.26
0.21
0.31
0.27
258

0.24
0.25
0.22
0.35
0.27
130

0.23
0.28
0.21
0.27
0.27
128

0.24
0.22
0.18
0.24
0.21
966

Time-invariant covariates
Age
Previous growth
College graduate
Served in center
Home
Princeling
Time-variant covariates
PSC work province
PSC home province
Future/past connection
Workplace
Politburo connection
Observations

Notes: Reported in each cell is the sample mean (and standard deviation in parentheses for continuous
variables). The sample includes all leadership spells in column (1), provincial secretary spells in column
(2), provincial governor spells in column (3) and leader-years in column (4). See Appendix Section 2.A
for variable definitions. In columns (1)-(3), measures of promotion and Growth refer to the last year
of the spell; measures of connections and time-variant covariates are the maximum value during the
spell.
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F IGURE 2.1: D ISTRIBUTION

OF TERM LENGTHS AND PROMOTION RATES BY NUMBER OF

YEARS IN OFFICE

Notes: See the text for how this graph is constructed.

2.4.6

Empirical Strategy

The structure of the leader-year level data suggests using a competing risks
model, in which observations exit from the data through more than one
type of event (promotion and non-promotional transfer in our case). However, below we treat non-promotional transfers as right-censoring by assuming that non-promotional transfers occurs randomly. Furthermore, we
use a linear probability model of promotion, instead of a Cox proportional
hazard model, by assuming that the duration of each leadership spell does
not depend on connection status and growth. Although these assumptions
are restrictive, the linear probability model allows us to control for unobservable heterogeneity across provinces and years that can differ between
secretaries and governors, which we believe is important in our context to
minimize the bias in the estimation.
Therefore, to investigate how the promotion of provincial leaders is correlated with their connections and performance, we estimate the following
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linear probability model:
Piopt = αCit + β(Giopt − Ḡ) + γCit ∗ (Giopt − Ḡ)
+

x0iopt δ

+ (Giopt − Ḡ) ∗

x0iopt ξ

+

12
X

τ
κτ Tiopt
+ µop + ηot + εiopt

τ =2

(2.7)
The dependent variable, Piopt , is the indicator that takes the value of
one if provincial leader i in office o (secretary or governor) in province p
is promoted in the period from July of year t to June of year t + 1.23 We
have three regressors of interest. The first is Cit , the indicator of leader i
being connected to the members of the PSC in office in June of year t. The
second is Giopt , the average annual growth rate of province p since leader
i assumed office o until year t, measured as the deviation from the sample
mean, Ḡ (11.4%). The last is the interaction term of these two variables. To
facilitate the interpretation of the coefficient on the connection indicator,
β, the growth variable is demeaned so that β measures the difference in
the probability of promotion between connected and unconnected officials
displaying average growth performance. For robustness checks, we control
for xiopt , a vector of characteristics of provincial leader i and province p
in year t, and its interaction with (Giopt − Ḡ), to investigate whether the
endogeneity of Cit is driving our main results.
Province and year fixed effects are allowed to differ between secretaries
and governors (µop and ηot ). Controlling for province fixed effects ensures
that the coefficients of interest (α, β, γ) do not pick up the possibilities that
certain provinces which grow more quickly also have their leaders more
likely promoted and connected. Controlling for year fixed effects incorporates the possibility of relative performance evaluation, often discussed in
the literature on Chinese political selection (e.g. Maskin et al. 2000, Chen et
al. 2005). It also allows for higher promotion rates in Party Congress years,
in which many personnel decisions are made.
Since the promotion probability changes non-linearly with the number
23

See footnote 15 for why we measure promotion during the period from July.
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of years in office, as suggested by Figure 2.1, we also control for a set of
τ ).24
dummies for the number of years in office from two to twelve (Tiopt

Standard errors are clustered at the province level given that both growth
rates, Giopt and the error term are likely to be serially correlated within each
province, and Cit tends to take the same value for the same province for a
certain number of years. As the low number of Chinese provinces (31) may
cause an underestimation of the standard errors, even with clustering, we
also report p-values on the significance of the estimated γ by using the wild
cluster bootstrap-t procedure (Cameron et al. 2008).
The coefficient on the interaction term of connections and growth, γ, is
negative if the two determinants of promotion are substitutes and is positive if they are complements.

2.5

Empirical Results

We present our empirical results in three steps. First, we show our baseline estimates. Second, we discuss the endogeneity concerns of connections
and growth. Third, we present various robustness checks and additional
results.

2.5.1

Baseline Estimates

Table 2.2 shows our main results from estimating equation (2.7) by adding
regressors of interest one by one without controlling for any covariates
(xiopt ). The first three columns estimate the correlations of promotion with
connections and growth without introducing their interaction term, thus
making them directly comparable to previous studies. Column 1 shows
that connected provincial leaders are more likely to be promoted. The difference is estimated at 4.9 percentage points – nearly 60% of the average
promotion rate – and statistically significant at the 5% level. This finding
confirms anecdotal pieces of evidence mentioned in the introduction. It is
24
These dummies may be endogenous. However, the results do not differ significantly if
we do not control for these dummies.
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also in line with recent evidence by political scientists (Shih et al. 2012). In
column 2, we find that the promotion probability increases with the provincial economic growth during the tenure, although it is not significantly different from zero. The point estimate suggests that one standard deviation
increase in growth (by 2.4 percentage points) pushes up the probability
of promotion by 1.7 percentage points. This magnitude is comparable to
the one estimated by economists (Li and Zhou 2005).25 Column 3 includes
both the connection indicator and provincial GDP growth as regressors.
The results are similar to those in the previous columns, suggesting that
the connection status is largely orthogonal to provincial GDP growth once
province and year fixed effects are controlled for.
Column 4 presents our key finding by including the interaction term
of connections and growth as a regressor. The coefficient on the interaction term is positive and statistically significant at the 5% level (or at the
10% level if we use the p-value by Cameron et al. (2008)), suggesting that
the two determinants of promotion are complements rather than substitutes. The point estimate indicates that a one standard deviation increase in
growth raises the promotion probability by 5.3 percentage points more for
connected officials than for unconnected ones. The coefficient on the connection indicator suggests that the promotion rate for provincial leaders
with the sample average growth is 3.2 percentage points higher for those
connected than for those unconnected, although this difference is not statistically significant. The growth effect for unconnected officials is insignificant although the point estimate suggests that a one standard deviation
increase in growth increases the probability of promotion by 0.8 percentage points, which is more than 10% of the sample mean promotion rate.
Figure 2.2 shows this main result graphically. We first regress both the
promotion dummy and provincial growth since assuming office on dummies of the numbers of years in office, province-office fixed effects, and
25

The result of Li and Zhou (2005) suggests that a one standard deviation increase in
growth raises the promotion probability by 1.8 percentage points and is statistically significant from zero at the 1% level. The main differences to our estimates are that: their sample
spans the period from 1979 to 2002, and they do not cluster standard errors at the province
level.
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Dependent variable:
Connection
Growth
Connection * Growth

Fixed Effects
# clusters
# observations

Y
31
966

0.702
(0.465)

(2)
Promoted

Y
31
966

0.690
(0.447)

(3)
Promoted
0.048∗∗
(0.023)

2.195∗∗
(0.889)
[0.056]*
Y
31
966

0.356
(0.427)

(4)
Promoted
0.032
(0.023)

2.309∗∗
(0.869)
[0.028]**
Y
31
966

0.441
(0.452)

(5)
Minister
0.038
(0.026)

2.201∗∗
(0.915)
[0.050]*
Y
31
966

0.328
(0.460)

(6)
NPC
0.033
(0.026)

2.374∗∗
(0.919)
[0.032]**
Y
31
966

0.273
(0.423)

(7)
CPPCC
0.023
(0.026)

TABLE 2.2: C OMPLEMENTARITY BETWEEN CONNECTIONS AND GROWTH
(1)
Promoted
0.049∗∗
(0.023)

Y
31
966

Notes: Standard errors clustered at the province level are reported in parenthesis. Reported in brackets are the p-values for the significance of the coefficient
on Connection * Growth by the wild cluster bootstrap-t (Cameron et al. 2008). See Appendix Section 2.A for variable definitions. However, the variable
Growth is normalized by subtracting the sample mean. All columns control for dummies of the number of years in office (two to twelve), office-byprovince fixed effects, and office-by-year fixed effects.
* Significant at 10%, ** 5%, *** 1%.
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F IGURE 2.2: P ROMOTION - GROWTH RELATIONSHIP BY CONNECTION
Notes: See the text for how this graph is constructed.

year-office fixed effects, and obtain the residuals from these regressions.
Then, we divide the observations into tertiles according to the residual
growth, irrespective of connection status. Finally, for each tertile, we plot
the average residual promotion rate by connection status. We also use the
bar graph in the background to show the distribution of connected observations across growth tertiles.
The figure shows that the complementary result is entirely driven by
a large difference in the promotion rates between connected and unconnected provincial leaders among the top-third of growth performers. For
unconnected provincial leaders, the worst third performers are slightly less
likely to be promoted than the rest. In terms of the distribution of growth
performances, connected officials are most likely to be in the middle tertile,
but do not disproportionately perform better or worse than their unconnected peers. We discuss possible interpretations of this graphical result in
Section 2.6.1 below.
Our key finding implies that the previous literature fails to recognize
the importance of the interplay between connections and growth in determining the promotion of provincial leaders, and perhaps of Chinese Com-
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munist Party officials in general. Connected officials do have a higher likelihood of promotion on average, but this is solely due to their promotion
probability being more responsive to performance. Put differently, officials
with a better performance appear to be promoted more often, but this relationship mainly applies to those connected to top political leaders of China.
In terms of the theoretical framework introduced in Section 2.3, our results suggest that connections have more to do with fostering loyalty of
provincial leaders to top leaders than with information about their ability.

2.5.2

Endogeneity of Connections and Growth

Endogeneity of Connections The connection status of provincial leaders
may certainly be endogenous to their promotion probability. Table 2.3 compares the means of observable characteristics of provincial leadership spells
between those connected and those unconnected, where the connection status is measured at the first year of the spell (as changes in the connection
status during the tenure are due to the membership shuffling of the PSC
and thus more likely to be exogenous). Connected leadership spells end
with promotion 9 percentage points more often than unconnected ones.
The average annual growth at the end of the spell is significantly higher for
connected leaders. The length of tenure is slightly shorter for the connected.
In terms of individual characteristics, connected officials are significantly
younger and more likely to have served in the central government. In terms
of provincial characteristics, the provinces ruled by connected officials are
more likely to have higher economic growth in the five-year period before
the officials assume office, less likely to be the home province for provincial
leaders, and more likely to be the one in which the current members of the
PSC used to work.
However, many of these differences can be explained by differences in
provinces and time periods when connected and unconnected leaders are
in office. Column (4) reports the estimated coefficient on the connection indicator from regressing each of these variables on the connection indicator,
office-by-province fixed effects, and office-by-year (where the year refers to
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TABLE 2.3: D O CONNECTED LEADERSHIP SPELLS DIFFER FROM UNCONNECTED ONES ?
(1)
Connected
0.35

(2)
Unconnected
0.24

(3)
t-value
1.73∗

4.36
(2.38)
0.11
(0.02)
57.20
(3.99)
0.10
(0.03)
0.82

-1.90∗

-3.05∗∗∗

College graduate

3.76
(1.66)
0.12
(0.02)
55.26
(4.21)
0.12
(0.02)
0.88

Served in center

0.53

0.37

2.35∗∗

Home

0.10

0.25

-2.43∗∗

Princeling

0.06

0.04

0.50

PSC work province

0.51

0.14

6.12∗∗∗

PSC home province

0.29

0.22

0.88

Observations
Transfer from center
(in million RMB)
Observations

50
4649.74
(3855.64)
49

208
3133.91
(3280.62)
198

Promoted
Tenure length
Growth
Age
Previous growth

3.72∗∗∗

2.92∗∗∗
1.27

2.79∗∗∗

(4)
Conditional difference
0.21***
[0.08]
0.18
[0.29]
0.00
[0.00]
-3.35***
[0.88]
0.00
[0.00]
0.05
[0.07]
0.20*
[0.12]
-0.06
[0.07]
0.00
[0.07]
0.16*
[0.08]
0.07
[0.07]
258
26.53
[507.86]
247

Notes: The unit of observations is the leadership spell. Columns (1) and (2) report the mean (and standard deviation for continuous variables) for those spells where the provincial leader is connected and
unconnected, respectively, to the PSC in the first year of the spell. Column (3) reports t-statistics for the
null that the means in columns (1) and (2) are the same. Column (4) reports the estimated coefficient
on the connection status in the first year of the spell (and robust standard errors in brackets) from a regression of each variable on the connection indicator, office-by-province dummies, and office-by-year
dummies. See Appendix Section 2.A for variable definitions. To aggregate leader-year level data to the
spell level, we take the last year observation for Promoted and Growth, the first year observation for PSC
work province and PSC home province, and the annual average for Transfer from center.
* Significant at 10%, ** 5%, *** 1%.
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the one when each leader assumes office, ranging from 1983 to 2009) fixed
effects. Except for the age when assuming office, the indicator of having
served in the central government, and whether the current PSC members
used to work in the province, the connection coefficient is not significantly
different from zero. In Section 2.5.3 below, we control for the aforementioned variables to check whether the connection status picks up the effect
of observable differences between connected and unconnected provincial
leaders.
However, these observable characteristics may not reflect how much
support provincial leaders obtain from the central government due to their
connection to the PSC members. PSC members may help connected provincial leaders achieve high growth so that they can promote them as if the decision were based on meritocracy. We do not observe all dimensions of the
support by the central government to each province, but we do have the
data on fiscal transfers from the center to each provincial government annually since 1994 (China Financial & Economic Publishing House, various
years). The last row in Table 2 reports the difference in average annual fiscal
transfers during the term between connected and unconnected provincial
leaders. An unconditional comparison suggests that connected provincial
leaders do obtain significantly more fiscal transfers from the central government. But, once we take into account province and year fixed effects,
this difference is no longer significantly different from zero.
Endogeneity of Growth The provincial GDP growth data may not reflect
the performance on basis of which the promotion decision is taken. For example, provincial growth may be higher for those who are promised promotion, because the central government offers support to them to boost the
economic growth of their province so that their promotion will look meritbased. If so, we should see a significant drop in economic growth in the
province after its leader has been promoted. Columns 1 and 2 of Table 2.4
investigate this issue. With balanced panel data of provinces for 1993-2009,
we regress annual real GDP growth on indicators for one, two, and three
years after promotion as well as on province and year fixed effects. These
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indicators are defined based on the promotion of provincial secretaries in
column (1) and governors in column (2). The estimated coefficients on these
indicators are, however, insignificant and positive in most cases.
Provincial growth may also reflect the strength of connections. Our measure of connections does not necessarily reflect the actual connections. PSC
members may provide support to boost the economy only to those provincial leaders who are actually connected to them. Although we cannot entirely dismiss this possibility, we can use observable characteristics of connections that may be correlated with the strength of connections, to check
if real GDP growth is higher for provinces whose leader’s connection to
the PSC is stronger. Columns (3) to (6) of Table 2.4 run provincial panel
regressions of the following form:
gpt = φCpt + ξCpt ∗ Zpt + ψp + ωt + εpt ,
where gpt is the annual real GDP growth of province p in year t, Cpt the indicator that the leader in province p in year t is connected to the PSC member(s), Zpt the strength of connections of the leader in province p in year t,
ψp the province fixed effect, and ωt the year fixed effects. We use two variables to measure Zpt . First, we measure the number of years that the provincial leader has worked together with his connected PSC member(s), assuming that a longer time together strengthens connections.26 Second, we take
the difference in ages between the connected pair by subtracting the age of
the PSC member from the provincial leader, assuming that a larger age difference strengthens connections. Different generations of party officials do
not compete with each other for power due to the seniority system of promotion.27 We run this regression separately for provincial secretaries and
provincial governors, the former reported in columns (3)-(4) and the latter
in (5)-(6).
26

If the provincial leader has more than one connection, we take the average. The results
do not substantially change if we take the maximum or the minimum.
27
It might also be the case that the connections are stronger if the connected pair of individuals is more similar in age. To reflect this possibility, we also measure the age difference
in absolute value. The results are similar.
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(Dependent variable: Annual real provincial GDP growth)

TABLE 2.4: D OES PROVINCIAL ECONOMIC GROWTH REFLECT THE SUPPORT FROM THE CENTRAL GOVERNMENT ?

(6)
Governors

(2)
Governors
0.001
(0.004)

(5)
Governors

(1)
Secretaries
0.006
(0.004)
0.002
(0.004)

(4)
Secretaries

1 year after
promotion
0.003
(0.005)
-0.001
(0.003)

(3)
Secretaries

2 years after
promotion
0.003
(0.003)

0.002
(0.006)

3 years after
promotion

-0.009
(0.005)
0.003∗∗
(0.001)

Y
31
478

-0.000
(0.001)
Y
31
478

-0.004
(0.006)

-0.000
(0.001)
Y
31
488

-0.005
(0.005)

Y
31
488

Connection

Y
31
478

0.001
(0.001)

Y
31
488

Years of working together
* Connection
Age difference
* Connection
Fixed Effects
# clusters
# observations

Notes: Standard errors clustered at the province level are reported in parenthesis. The unit of observations is the province-by-year. The variable x year after
promotion is a dummy for x years after the previous leader in the same province has been promoted. Connection is the indicator of the provincial leader
having worked together in the past with any of the current members of the Politburo Standing Committee. Years of working together is the (average, if more
than one connection) number of years that the provincial leader has worked together with the current member(s) of the Politburo Standing Committee.
Age difference is the (minimum, if more than one connection) difference in age between the provincial leader and his connected member(s) of the Politburo
Standing Committee. In columns (1), (3) and (4), the provincial leaders to define these variables are provincial secretaries; in columns (2), (5), and (6),
provincial governors. All columns control for province fixed effects and year fixed effects.
* Significant at 10%, ** 5%, *** 1%.
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Columns (3) and (5) measure the strength of connections by the number
of years working together. While this interaction term is insignificant for
provincial secretaries, growth is significantly higher for provincial governors whose connection is stronger by this measure. Plotting the data, however, reveals that this result is driven by one observation (Fujian in 1993)
where the governor has worked with a PSC member for 14 years (the maximum in the sample) and the provincial economy grew by 22.6%, almost
twice the sample mean. If we drop this observation, however, there is no
substantial change in our main results.28
Columns (4) and (6) use the age difference variable (which is positive if
the provincial leader is older than his connected PSC members) as a measure of the strength of connections. Its interaction term with the connection
indicator is insignificant both for provincial secretaries and governors.29
These results suggest that provincial growth is not higher for those
provincial leaders whose connections may be stronger in terms of observable dimensions, encouraging the interpretation of growth as a performance
measure, rather than a measure of the strength of connections.

2.5.3

Robustness Checks

Definitions of Promotion

The first set of robustness checks on our key

finding concerns the definition of promotion. Tao et al. (2010) suggest that
the definition of promotion of provincial leaders should include three additional appointments. Thus, we broaden the definition of promotion step by
step in the final three columns in Table 2.2. Column 5 changes the definition
of promotion so that becoming a minister is also regarded as promotion
for provincial governors. Ministers are officially ranked equal to provincial
secretaries. As governors are ranked below secretaries in each province, becoming ministers can be seen as promotion for governors. Seven additional
28
The coefficient on the interaction of connection and growth for column (4) of Table 2.2
is reduced by one-fifth in size, but it remains significant at the 5% level.
29
Since the age difference is correlated with the provincial leader’s own age, we also run
regressions where we control for the age and its interaction with the connection indicator. The coefficients on the age difference interacted with the connection indicator remain
insignificant.
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leadership spells end with promotion in this definition.
Column 6 further changes the definition of promotion, including appointments of both secretaries and governors to become vice-chairmen of
the National People’s Congress (the lower house of the Chinese parliament). Four additional leadership spells are then coded as promotions. In
column 7, six more cases where provincial leaders become vice-chairmen
of the CPPCC (the upper house of the Chinese parliament) are also coded
as promotion. Officially, these positions are ranked higher than provincial
leadership positions. Due to the nature of parliaments in the Chinese political regime, they can also be regarded as ceremonial.
Our finding of the complementarity of connections and growth is robust to these different definitions of promotion, with estimated coefficients
fairly stable across definitions.
Individual and Province Characteristics Table 2.5 conducts a series of
robustness checks by controlling for individual or province characteristics and their interactions with (demeaned) growth. Column 1 controls for
the age of each provincial leader when assuming office (this variable is
thus time-invariant for each leadership spell). Since connected provincial
leaders are significantly younger (see Table 2.3), the connection indicator
may pick up the effect of the leader’s age. Columns 2 and 3 control for
the indicator of having served in the central government before assuming
provincial leadership and the indicator of ruling the native province, respectively. Connected provincial leaders may be on the elite career track
that includes positions in the central government and various provinces
while unconnected ones may tend to rule their native province only. Column 4 controls for provincial growth over the five-year period before assuming leadership. The growth performance of connected officials may reflect the skills to boost the stagnant provincial economy (if connected leaders are assigned to slow-growing provinces) or the ability to rule politically
important provinces (if the growth performance of a province, either good
or bad, indicates its importance for the central government). Column 5 controls for the indicator of provincial leaders being a princeling, the son or

-0.009∗∗∗
(0.003)
-0.023
(0.094)

Age

Y
31
966

Y
31
966

-0.037
(0.029)
0.074
(0.840)

2.173∗∗
(0.817)
[0.032]**

(3)
0.029
(0.024)
0.347
(0.397)

Y
31
966

0.155
(0.462)
-22.428
(13.519)

2.429∗∗
(0.985)
[0.064]*

(4)
0.029
(0.023)
2.815∗
(1.613)

Y
31
966

-0.042
(0.036)
2.936
(1.902)

2.150∗∗
(0.901)
[0.080]*

(5)
0.026
(0.024)
0.171
(0.435)

Y
31
966

-0.039
(0.034)
-0.400
(1.237)

2.222∗∗
(1.004)
[0.098]*

(6)
0.043
(0.027)
0.317
(0.430)

0.039∗
(0.022)
-0.259
(0.842)
Y
31
966

2.222∗∗
(0.882)
[0.066]*

(7)
0.029
(0.023)
0.363
(0.402)

-0.008∗∗∗
(0.003)
0.018
(0.105)
0.033
(0.024)
0.707
(0.840)
-0.040
(0.030)
0.316
(0.939)
-0.152
(0.419)
-24.499∗
(13.914)
-0.077∗∗
(0.029)
2.639
(1.902)
-0.062∗∗
(0.027)
-0.704
(1.133)
0.046∗∗
(0.019)
-0.346
(0.712)
Y
31
966

2.309∗∗
(0.845)
[0.042]**

(8)
0.014
(0.029)
1.378
(5.882)

Notes: Standard errors clustered at the province level are reported in parenthesis. Reported in brackets are the p-values for the significance of the coefficient
on Connection * Growth by the wild cluster bootstrap-t (Cameron et al. 2008). See Appendix Section 2.A for variable definitions. However, the variable
Growth is normalized by subtracting the sample mean. All columns control for dummies of the number of years in office (two to twelve), office-byprovince fixed effects, and office-by-year fixed effects.
* Significant at 10%, ** 5%, *** 1%.

Fixed Effects
# clusters
# observations

PSC Home Province * Growth

PSC Home Province

PSC Work Province * Growth

PSC Work Province

Princeling * Growth

Princeling

Previous Growth * Growth

Previous Growth

Home * Growth

Home

Served in center * Growth

Served in center

Age * Growth

Y
31
966

1.983∗∗
(0.769)
[0.058]*

2.096∗∗∗
(0.732)
[0.032]**

Connection * Growth

Growth

0.026
(0.025)
0.607
(0.670)

(2)
0.029
(0.024)
0.210
(0.471)

Connection

(1)
0.012
(0.024)
1.530
(5.289)

(Dependent variable: Promoted)

TABLE 2.5: R OBUSTNESS TO CONTROLLING FOR POTENTIAL CONFOUNDING VARIABLES WITH THE CONNECTION INDICATOR
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son-in-law of a prominent Communist Party official. Princelings are known
as a powerful faction within the Party.30 Connections to the PSC members
may simply reflect the political advantage of being a princeling. Columns 6
and 7 check if connected leaders are simply assigned to provinces that PSC
members have a great deal of knowledge about. If this is the case, growth
is a stronger signal of the leader’s ability, thus explaining the stronger responsiveness of the promotion rate to growth. To measure this feature, we
use two variables: an indicator of provinces where current members of the
PSC used to work in column 6, and an indicator of provinces where the current members of the PSC were born in column 7. Finally, column 8 controls
for all these variables and their interaction with growth. In all columns, the
estimated coefficients on the connection indicator and its interaction term
with growth change little from the estimates in column 4 of Table 4, suggesting that the main result is not driven by these omitted variables.
Being the Political Elite Table 2.6 checks whether our measure of connections simply reflects being a member of China’s political elite. A certain set
of workplaces may be the home of every top leader in China. As a result,
those destined for promotion have worked with the current top leaders in
the PSC, and this has nothing to do with social connections between PSC
members and provincial leaders.
We check this possibility in two ways. In column 1, we include a measure of connection between provincial leaders and past or future PSC members rather than current members. In column 2, we instead add an indicator
for provincial leaders who used to work in the same place as current PSC
members but in a different period. They should thus pick up the effect of
the elite status, but not of connections. These dummies are set to zero if
our main connection indicator is one. Therefore, the coefficients on these
variables and their interaction with growth will be the same as those on the
connection indicator if connections simply reflect the elite status.
30

The data on princelings come from China Vitae (2012). Xi Jinping, General Secretary
since 2012, is a princeling. The media often reported factional struggles between princelings
and the former members of the Communist Youth League headed by the outgoing General
Secretary Hu Jintao in the lead-up to the 2012 Party Congress.
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In column 3, we look at the impact of being connected to current members of the Politburo, the second highest decision-making body in the Communist Party. Connections to the PSC members may simply reflect connections to top politicians in general. If so, connections to the Politburo should
also be of importance. However, coefficients on the Politburo connection
indicator (set to be zero if the PSC connection indicator is one) and its interaction with growth are not significantly different from zero, and the F-test
rejects the equality of these coefficients to those for PSC connections. This
result implies that connections to the people with decision-making power
count the most.
Table 2.6 shows that the coefficients on these additional regressors are
not significantly different from zero. The F-test rejects the null that the effect
of being connected to the current members of the PSC is the same as that
of being connected to the past or future members of the PSC (column 1) or
of working in the same place as current PSC members in a different period
(column 2) at the 5% and 10% levels, respectively. The result in column 1
also suggests that our main result cannot be explained by the effect of being
trained on the job by a mentor who later joins the PSC.

2.5.4

Other Connection Sources

Table 2.7 investigates whether other sources of social connections are of
importance for promotion. For this purpose, we replace Cit in equation
(2.7) with alternative independent variables. In column 1, we use a dummy
that equals one if a provincial leader graduated from the same college as
a current PSC member within a period of three years before or after. Such
provincial leaders may have met a PSC member while in college. In column 2, we use an indicator of provincial leaders having graduated from
the same college as a current PSC member at any point in time. Graduating from the same college may reduce the cost of communication, even if
they did not attend the college at the same time.31 In column 3, we define
31
Many of the top politicians in China graduated from Tsinghua University, one of the
most prestigious colleges in China, and they are known as the Tsinghua clique.
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TABLE 2.6: C ONNECTIONS OR BEING PART OF THE POLITICAL ELITE ?
(Dependent variable: Promoted)
(1)
0.033
(0.028)

(2)
0.043∗
(0.022)

(3)
0.037
(0.027)

Growth

0.414
(0.483)

0.234
(0.507)

0.395
(0.479)

Connection * Growth

2.125∗∗
(0.938)
[0.090]*

2.351∗∗
(0.902)
[0.044]**

2.157∗∗
(0.903)
[0.058]*

Future/Past Connection

0.005
(0.027)

Future/Past Connection * Growth

-0.265
(1.059)

Connection

Workplace

0.026
(0.028)

Workplace * Growth

0.285
(0.742)

Politburo Connection

0.013
(0.019)

Politburo Connection * Growth

-0.234
(0.653)

F-test
Fixed Effects
# clusters
# observations

3.27
[0.052]
Y
31
966

2.61
[0.090]
Y
31
966

3.96
[0.030]
Y
31
966

Notes: Standard errors clustered at the province level are reported in parenthesis. Reported in brackets
are the p-values for the significance of the coefficient on Connection * Growth by wild cluster bootstrap-t
(Cameron et al. 2008). See Appendix Section 2.A for variable definitions. However, the variable Growth
is normalized by subtracting the sample mean. All columns control for dummies of the number of
years in office (two to twelve), office-by-province fixed effects, and office-by-year fixed effects. F-test
reports F-statistics and their associated p-values for the null that the coefficients on Connection and on
Future/Past Connection in column (1), Workplace in column (2), or Politburo Connection in column (3), are
the same and that the coefficients on their respective interaction terms with Growth are also the same.
* Significant at 10%, ** 5%, *** 1%.
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TABLE 2.7: O THER SOURCES OF CONNECTIONS
(Dependent variable: Promoted)
(1)
Class
0.117
(0.071)

(2)
Almuni
0.061
(0.046)

(3)
Birth province
0.000
(0.020)

Growth

0.662
(0.442)

0.750
(0.531)

0.564
(0.538)

Other connection * Growth

-0.177
(1.851)
[0.940]
Y
31
966

-0.589
(1.232)
[0.634]
Y
31
966

0.458
(0.787)
[0.590]
Y
31
966

Definition of connection:
Other connection

Fixed Effects
# clusters
# observations

Notes: Standard errors clustered at the province level are reported in parenthesis. Reported in brackets are the p-values for the significance of the coefficient on Other connection * Growth by wild cluster
bootstrap-t (Cameron et al. 2008). The variable Other connection refers to the variable mentioned at the
top of each column. See Appendix Section 2.A for variable definitions. However, the variable Growth is
normalized by subtracting the sample mean. All columns control for dummies of the number of years
in office (two to twelve), office-by-province fixed effects, and office-by-year fixed effects.
* Significant at 10%, ** 5%, *** 1%.

connections as being born in the same province, which may also reduce the
cost of communication. Table 2.7 shows that none of these sources of connections have any significant effect on the probability of promotion. One interpretation of these results is that sharing working experience is of greater
importance than sharing the same birthplace or knowing each other at college. Another interpretation is that our measures of school and birth place
connections are coarser than those based on shared working experience.

2.5.5

Heterogeneous Impacts by Age Difference

In light of our theoretical framework in Section 2.3, the estimated complementarity between connections and performance reflects the loyaltyfostering role of connections. However, it is also consistent with connections increasing the PSC’s marginal benefit from promoting more able provincial leaders in more general senses. To narrow down the number of possible
interpretations of our empirical finding, we investigate whether the complementarity result is stronger for connected pairs in which the provincial
leader is much younger than his connected PSC member. Since the 1990s,
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the Communist Party has undergone generational changes of leadership
every ten years. This suggests that party officials of a similar age compete
with each other for high office, but different generations of officials do not.
Thus, it is plausible to assume that provincial leaders show more loyalty towards connected PSC members whose age is a lot higher than their own. If
the complementarity between connections and performance in the promotion process is due to the loyalty-fostering role of connections, we expect a
stronger complementarity for the connected pairs in which provincial leaders are substantially younger than the PSC members.
As in Section 2.5.2, we obtain the age difference between provincial
leaders and their connected PSC members by subtracting the PSC member’s age from that of the provincial leader.32 In our sample, provincial
leaders are on average 7.1 years younger than their connected PSC members, with a standard deviation of 5.8 years. We include the interactions of
this variable with the connection indicator and with the connection-growth
interaction term as additional regressors to equation (2.7). If the age difference makes the complementarity of connections and growth stronger, the
coefficient on its interaction with the connection-growth interaction term
will be negative.
Table 2.8 reports the results from this estimation. Column (1) shows
that the complementarity between connections and performance are indeed stronger for pairs where provincial leaders are much younger than
their connected PSC members. The estimates suggest that a one standard
deviation larger age difference raises the coefficient on the interaction between connections and growth by 1.44. As this result may be driven by the
provincial leader’s own age, independent of the PSC member’s age, column (2) controls for the provincial leader’s age when he assumed office
(the same variable as the one used in column (1) of Table 2.5) interacted
with the connection indicator and with the connection-growth interaction
term. The size of the coefficient on the age difference interacted with the
connection-growth interaction term changes little and remains significant
32
If there are two connected PSC members, we take the minimum (i.e. the maximum in
absolute terms).
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TABLE 2.8: D OES A LARGER AGE DIFFERENCE MAKE COMPLEMENTARITY STRONGER ?
Connection

(1)
-0.004
(0.026)

(2)
0.471
(0.374)

Connection
* Age difference

-0.005∗
(0.003)

-0.002
(0.003)

Connection
* Age

-0.008
(0.006)

Growth

0.295
(0.446)

0.372
(0.440)

Connection
* Growth

0.310
(0.992)

-5.230
(14.305)

-0.247∗∗
(0.102)

-0.271∗
(0.135)

Y
31
966

0.091
(0.237)
Y
31
966

Connection
* Growth
* Age difference
Connection
* Growth
* Age
Fixed Effects
# clusters
# observations

Notes: Standard errors clustered at the province level are reported in parenthesis. Age difference is the
(minimum, if more than one connections) difference in age between the provincial leader and his connected member(s) of the Politburo Standing Committee. See Appendix Section 2.A for other variable
definitions. However, the variable Growth is normalized by subtracting the sample mean. All columns
control for dummies of the number of years in office (two to twelve), office-by-province fixed effects,
and office-by-year fixed effects.
* Significant at 10%, ** 5%, *** 1%.

at the 10% level. These results imply that the complementarity between
connections and performance is indeed due to the loyalty-fostering role of
connections rather than to more general benefits of promoting connected
officials for the PSC.

2.6
2.6.1

Discussion
Interpretations of the Graphical Result

As shown in Figure 2.2, it is the top one-third of provincial leaders in terms
of performance that entirely drive the estimated complementarity between
connections and performance. Our theoretical framework in Section 2.3 can
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explain this observed pattern by allowing the PSC’s survival probability to
increase with ability if the promoted official is connected. Specifically, p(1)
increases with ai while p(0) does not. More talented officials may be better
at helping top leaders survive as long as they are loyal to them due to their
connection.
Figure 2.2 can also be interpreted as an outcome of bargaining among
PSC members. Each member of the PSC may want to promote provincial
leaders with whom he is connected. However, the PSC makes decision by
consensus, as observed by political scientists (e.g. Shirk 1993). For a provincial leader who is connected to a particular member of the PSC, other PSC
members may agree to promote him only when he has achieved high economic growth in his province.
As discussed in Section 2.3, due to the lack of information on the actual
bargaining process of the PSC, together with too few changes of the PSC
membership during our sample period, we are unable to empirically disentangle these two interpretations. We leave this issue to future research.

2.6.2

Implications on Efficiency

What is the implication of our findings for the allocation of talent? Unfortunately, we do not have any good measure of the ability of Chinese
politicians once they leave the provincial leadership positions. However,
we can look at provincial leaders with more than one spell: (1) secretaries
and governors who get transferred to another province without promotion, (2) governors who are promoted and become secretaries of the same
or a different province, and (3) secretaries who are promoted by joining
the Politburo without leaving the provincial secretary office (see footnote
17). We observe the performance of these leaders after their promotion or
non-promotional transfer, measured by the real GDP growth of the new
province in which they assume leadership. Although it is a selected sample
of provincial leaders, analyzing this sample sheds some light on whether
connected officials are more or less talented than unconnected ones, conditional on the initial performance.
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We first regress annual provincial real GDP growth on province and
year fixed effects with the full balanced panel data of 31 provinces from
1993 to 2009, and calculate the residuals from this regression. Then, we estimate the following equation
ŷi = φCi + ξ(ĝi − ḡ) + ψCi ∗ (ĝi − ḡ) + ωi ,

(2.8)

where ŷi is average conditional annual real GDP growth for official i during
his second term, Ci the connection indicator in the last year of i’s first term,
ĝi the average conditional annual real GDP growth for i during his first
term, and ḡ the sample average of ĝi . A few officials also serve a third term.
Such a case is treated as one additional observation for i in our sample so
that ŷi refers to the third term and Ci and ĝi refer to the second term.
If φ ≤ 0 and ψ < 0, connected officials with more than the average
performance during the first term perform worse than unconnected ones
with a similar first-term performance, indicating that the promotion pattern that we observe is inefficient. If φ ≥ 0 and ψ ≥ 0, connected officials
perform equally or better than unconnected ones if their first-term performance is more than the average, suggesting that promoting connected officials rather than unconnected ones among best performers may indeed be
efficient.
In total, 58 officials serve more than one term of provincial leadership
between 1993 and 2009, 13 of which serve three terms. In terms of leaderyears, these officials account for 453 observations with a promotion probability of 12.4%. This number is higher than that in the main sample (7%)
because part of the sample selection criteria requires the promotion from
governors to secretaries and from secretaries to Politburo-member secretaries. In terms of performance and connections, this subsample is more or
less comparable to the main sample, however. The average growth measured as the deviation from the whole sample average is 0.005 percentage
points, and 18.1% of the leader-years are connected.
Column 1 of Table 2.9 replicates our main result by restricting the sample to leader-years served by these 58 officials. With this subsample, con-
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nected officials are significantly more likely to be promoted than those who
are unconnected if their growth performance is average. For unconnected
officials, higher growth reduces the promotion probability although this
negative correlation is not significant. However, the complementarity between connection and growth does apply to this subset of provincial leaders.
Column 2 of Table 2.9 reports the result of estimating equation (2.8).
Since first-term growth is demeaned, the coefficient on the connection indicator tells us the difference in the second-term conditional growth between
those connected and unconnected whose first-term growth is average, and
it is not significantly different from zero. The higher the first-term growth,
the higher is the second-term growth, with the coefficient being significant at the 10% level. The coefficient on the connection-growth interaction
term is positive but not significantly different from zero. Although not conclusive, these results suggest that promoting connected officials with high
performance instead of unconnected ones with similarly high performance
does not appear to be inefficient.

2.7

Conclusions

The past literature on the promotion of Chinese Communist Party officials
looks at the impact of their performance and that of social connections to
top politicians separately or assumes no interplay between the two. In this
paper, we theoretically show that these two factors can interact, and empirically find that the positive correlation between promotion and performance
is robustly stronger for connected officials than for unconnected ones.
Political selection in autocracy often may reflect a trade-off between
competence and loyalty (Egorov and Sonin 2011). Appointing competent
officials to high office threatens the power of an autocrat. As a result, incompetent but loyal subordinates tend to surround the autocrat, which is
one contributing factor to a poor quality of government in autocracy.
Our evidence might suggest that China avoids this trap. A system of job
rotation and promotion within the Communist Party might help pairs of
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THE COMPLEMENTARITY OF CONNECTIONS AND PERFORMANCE INEFFI -

CIENT ?

(1)
Promoted
0.081∗∗
(0.035)

(2)
Second-term Growth
0.004
(0.004)

Growth

-0.309
(1.007)

0.162∗
(0.094)

Connection * Growth

2.568∗
(1.352)
[0.140]
453

0.167
(0.121)

Dependent variable:
Connection

Observations

71

Notes: In column (1), the unit of observations is the leader-year. The sample is restricted to those who
assume provincial leadership positions more than once. The definition of variables is the same as in
column 4 of Table 2.2. Standard errors clustered at the province level are reported in parenthesis. Reported in brackets is the p-value for the significance of the coefficient on Connection * Growth by wild
cluster bootstrap-t (Cameron et al. 2008). In column (2), the leadership spell is the unit of observation.
The sample is restricted to those who serve the second or third term of provincial leadership. The dependent variable is average annual growth during the tenure conditional on province and year fixed
effects in a balanced province panel regression. Connection is an indicator of being connected in the
last year of the previous term. Growth is the deviation of average conditional annual growth during the
previous term from the sample average. No other variables are included as regressors. Robust standard
errors are reported.
* Significant at 10%, ** 5%, *** 1%.

officials build trust by working together. Within a pool of officials with such
connections, top officials may then be able to pick the most able without
being threatened. In this view, what we may call patronage or nepotism
does not necessarily result in an inefficient allocation of talent. We leave
testing this hypothesis to future research.

Bibliography
Acemoglu, Daron, Georgy Egorov, and Konstantin Sonin. 2010. “Political
Selection and Persistence of Bad Governments.” Quarterly Journal of Economics, 125(4): 1511-1575.
Bertrand, Marianne, and Sendhil Mullainathan. 2001. “Are CEOs Rewarded for Luck? The Ones without Principals Are.” Quarterly Journal of
Economics, 116(3): 901-932.

48

CONNECTIONS AND PERFORMANCE

Besley, Timothy. 2005. “Political Selection.” Journal of Economic Perspectives,
19(3): 43-60.
Besley, Timothy, Olle Folke, Torsten Persson, and Johanna Rickne. 2012.
“Gender Quotas and the Crisis of the Mediocre Man: Theory and Evidence
from Sweden.” Unpublished paper.
Besley, Timothy, and Marta Reynal-Querol. 2011. “Do Democracies Select
More Educated Leaders?” American Political Science Review, 105(03): 552566.
Blanchard, Olivier, and Andrei Shleifer. 2001. “Federalism With and Without Political Centralization: China Versus Russia.” IMF Staff Papers, 48(4).
Blanes i Vidal, Jordi, and Clare Leaver. 2011. “Are Tenured Judges Insulated
from Political Pressure?” Journal of Public Economics, 95(7-8): 570-586.
Bo, Zhiyue. 1996. “Economic Performance and Political Mobility: Chinese
Provincial Leaders.” Journal of Contemporary China, 5(12): 135-154.
Bo, Zhiyue. 2002. Chinese Provincial Leaders: Economic Performance and Political Mobility Since 1949. M.E. Sharpe.
Cameron, A. Colin, Jonah B. Gelbach, and Douglas L. Miller. 2008.
“Bootstrap-based Improvements for Inference with Clustered Errors.” Review of Economics & Statistics, 90(3): 414-427.
Caselli, Francesco, and Massimo Morelli. 2004. “Bad Politicians.” Journal of
Public Economics, 88: 759-782.
Chen, Ye, Hongbin Li, and Li-An Zhou. 2005. “Relative Performance Evaluation and the Turnover of Provincial Leaders in China.” Economics Letters,
88: 421-425.
China Financial & Economic Publishing House, various years. Various
years. Finance Yearbook of China. Various issues. Beijing: China Financial &
Economic Publishing House.
China Vitae. 2012. China Vitae. www.chinavitae.com (accessed 17 February
2012).
Dittmer, Lowell. 1995. “Chinese Informal Politics.” China Journal, (34): 1-34.

BIBLIOGRAPHY

49

Edin, Maria. 2003. “State Capacity and Local Agent Control in China: CCP
Cadre Management from a Township Perspective.” China Quarterly, 173:
35-52.
Egorov, Georgy, and Konstantin Sonin. 2011. “Dictators and Their Viziers:
Endogenizing the Loyalty-competence Trade-off.” Journal of the European
Economic Association, 9(5): 903-930.
Fairburn, James A., and James M. Malcomson. 2001. “Performance, Promotion, and the Peter Principle.” Review of Economic Studies, 68(1): 45-66.
Ferraz, Claudio, and Frederico Finan. 2011. “Motivating Politicians: The
Impacts of Monetary Incentives on Quality and Performance.” Unpublished paper.
Francois, Patrick, Ilia Rainer, and Francesco Trebbi. 2012. “How Is Power
Shared in Africa?” Unpublished paper.
Fisman, Raymond. 2001. “Estimating the Value of Political Connections.”
American Economic Review, 91(4): 1095-1102.
Galasso, Vincenzo, and Tommaso Nannicini. 2011. “Competing on Good
Politicians.” American Political Science Review, 105(01): 79-99.
Garcia-Jimeno, Camilo, and James A Robinson. 2010. “Prosperity, Inequality, and Elites: The Determinants of Political Office-holding in Nineteenth
Century Antioquia.” In Colombian Economic History in the Nineteenth Century, eds. Adolfo Meisel and Maria Teresa Ramirez. Bogota: Fondo de Cultura Economica.
Henderson, J. Vernon, Adam Storeygard, and David N Weil. 2012. “Measuring Economic Growth from Outer Space.” American Economic Review,
102(2): 994-1028.
Holmström, Bengt. 1982. “Managerial Incentive Problems: A Dynamic Perspective”, in Essays in Economics and Management in Honor of Lars Wahlbeck.
Helsinki: Swedish School of Economics.
Huang, Yasheng. 1998. “The Industrial Organization of Chinese Government.” Harvard Business School Working Paper 99-076.

50

CONNECTIONS AND PERFORMANCE

Jia, Ruixue. 2012. “Pollution for Promotion.” Unpublished paper.
Khwaja, Asim Ijaz, and Atif Mian. 2005. “Do Lenders Favor Politically Connected Firms? Rent Provision in an Emerging Financial Market.” Quarterly
Journal of Economics, 120(4): 1371-1411.
Landry, Pierre F. 2008. Decentralized Authoritarianism in China. Cambridge
University Press.
Li, Hongbin, and Li-An Zhou. 2005. “Political Turnover and Economic Performance: the Incentive Role of Personnel Control in China.” Journal of Public Economics, 89(9-10): 1743-1762.
Li, Yinan. 2012. “China’s Political Business Cycle.” Unpublished paper.
Maskin, Eric, Yingyi Qian, and Chenggang Xu. 2000. “Incentives, Information, and Organizational Form.” Review of Economic Studies, 67: 359-378.
Mattozzi, Andrea, and Antonio Merlo. 2008. “Political Careers or Career
Politicians?” Journal of Public Economics, 92(3-4): 597-608.
Mattozzi, Andrea, and Antonio Merlo. 2011. “Mediocracy.” Unpublished
paper.
McGregor, Richard. 2010. The Party: The Secret World of China’s Communist
Rulers. HarperCollins Publishers.
Messner, Matthias, and Mattias K. Polborn. 2004. “Paying Politicians.” Journal of Public Economics, 88(12): 2423-2445.
Miller, Alice L. 2004. “Hu Jintao and the Party Politburo.” China
Leadership Monitor, 9. www.hoover.org/publications/china-leadershipmonitor/article/6954 (accessed 1 June 2012).
National Bureau of Statistics of China. 2009. Comprehensive Statistical Data
and Materials for 60 Years of New China. Beijing: China Statistics Press.
National Bureau of Statistics of China. 2011. China Statistical Yearbook 2010.
Beijing: China Statistics Press.
National Geophysical Data Center. 2010. DMSP-OLS Nighttime Lights Time
Series (Version 4). National Oceanic and Atmospheric Administration.

BIBLIOGRAPHY

51

www.ngdc.noaa.gov/dmsp/downloadV4composites.html (accessed 20
January 2013).
Natural Earth. 2012. 1:10m Cultural Vectors Admin 1 - States, Provinces. North
American Cartographic Information Society. www.naturalearthdata.com
(accessed 15 January 2013).
Persson, Torsten, and Guido Tabellini. 2000. Political Economics: Explaining
Economic Policy. Cambridge, Massachusetts: MIT Press.
Persson, Petra, and Ekaterina V. Zhuravskaya. 2012. “Elite Capture in the
Absence of Democracy: Evidence from Backgrounds of Chinese Provincial
Leaders.” Unpublished paper.
Shih, Victor. 2004. “Factions Matter: Personal Networks and the Distribution of Bank Loans in China.” Journal of Contemporary China, 13(38): 3-19.
Shih, Victor. 2008. Factions and Finance in China? Elite Conflict and Inflation.
Cambridge: Cambridge University Press.
Shih, Victor, Christoper Adolph and Mingxing Liu. 2012. “Getting Ahead in
the Communist Party: Explaining the Advancement of Central Committee
Members in China”, American Political Science Review, 106: 166-87.
Shirk, Susan. 1993. The Political Logic of Economic Reform in China, University
of California Press.
Tao, Ran, Fubing Su, Lu Xi and Yuming Zhu. 2010. “Jingjizengzhang nenggoudailai shengqian ma?: dui jinshengjinbiaojingsaililun de luojitiaozhan
yu shengjishizhengchonggu (Does Economic Growth Lead to Promotion?:
A Challenge of the Logic of Tournaments and A Reevaluation of the
Provincial-level Data).” Guanlishijie (Management World), 12: 13-26.
Whiting, Susan H. 2000. Power and Wealth in Rural China. Cambridge University Press.
Wong, Edward. 2012. “Family Ties and Hobnobbing Trump Merit at China
Helm.” New York Times, November 17, 2012.
www.nytimes.com/2012/11/18/world/asia/family-ties-andhobnobbing-are-keys-to-power-in-china.html
2013).

(accessed

7

February

52

CONNECTIONS AND PERFORMANCE

Xu, Chenggang. 2011. “The Fundamental Institutions of China’s Reforms
and Development.” Journal of Economic Literature, 49(4): 1076-1151.
Zhang, Weiwei. 2012. “Meritocracy Versus Democracy.” New York Times,
November 9, 2012. www.nytimes.com/2012/11/10/opinion/meritocracyversus-democracy.html (accessed 7 February 2013).

2.A

Appendix

A model of promotion as an incentive scheme
An alternative model of promotion is that the PSC cares about provincial
economic growth per se, not the ability of those to be promoted. Promotion
is used as an incentive scheme where growth is determined by provincial
leaders’ effort, not their ability.
Suppose that the PSC derives the utility from the share of tax revenues
in province i that its leader i (with his connection status Ci ) contributes to
them. Assuming that tax revenues increase with growth, gi , we can write
the PSC’s payoff as follows:
α(Ci )gi ,
where α(Ci ) is the extent to which provincial leader i shares his province’s
tax revenue with the PSC. We have α(1) > α(0) if connections make provincial leaders more obliged to share their tax revenue with the PSC. If unconnected provincial leaders need to share more tax revenues with the
PSC to compensate for the lack of loyalty through connections, we have
α(1) < α(0).
Economic growth in province i is determined by:
g i = e i + εi ,
where ei is the effort exerted by the leader of province i and εi the stochastic shock to growth, distributed by the cumulative distribution function G
with mean 0.
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Provincial leader i obtains the payoff of r if promoted and zero otherwise, and the disutility from making an effort for i is κ(ei ) with κ0 > 0 and
κ00 > 0.
Assume that the PSC can commit to promoting provincial leader i if
α(Ci )gi ≥ ū, where ū is the performance of an alternative candidate. For
simplicity, we assume ū to be uniformly distributed in the interval [−1/2ν, 1/2ν].
We first analyze the provincial leader’s behavior. The probability of promotion given ei is:
Z
P r(α(Ci )(ei + εi ) ≥ ū) =
=
with the last equality by

R

1

+ να(Ci )(ei + εi ) dG(εi )
2

1
+ να(Ci )ei ,
2

εi dG(εi ) = 0.

Provincial leader i chooses ei to maximize

1
+ να(Ci )ei r − κ(ei ).
2
The first-order condition is given by
να(Ci )r = κ0 (ei ).
By κ00 > 0, there is the unique solution for ei , e∗i (Ci ), with e∗i (1) > e∗i (0) if
and only if α(1) > α(0).
Given this optimal behavior, we now look at the marginal probability
of promotion with respect to growth. Once εi is observed, the probability
of promotion is given by
P r(α(Ci )gi ≥ ū) =

1
+ να(Ci )gi .
2

Differentiating this expression with respect to gi yields:
∂P r(α(Ci )gi ≥ ū)
= να(Ci ).
∂gi
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Consequently, if we have α(1) > α(0), this expression is larger for Ci = 1
and thus connections and growth are complementary. If α(1) < α(0), they
are substitutes.
The above argument depends on the assumption that the PSC’s commitment to this promotion scheme is credible. Once growth has been realized, the PSC is indifferent between promoting the high-performing provincial leader and reneging on the promise (and even prefers not promoting if
promotion is costly). Credible commitment is plausible if the PSC expects
to remain in power for a certain period of time and thus needs to build
the reputation to reward good performance for future provincial leaders.
Otherwise, we need an assumption that the PSC cares about the ability of
those promoted so that the PSC has an incentive to promote those who
have achieved high growth (see Fairburn and Malcomson 2001).

Model extensions
General distribution of ū In the main text, we assume that ū, the payoff
of not promoting provincial leader i, is uniformly distributed. If we instead
impose no restriction on the cumulative distribution function of ū, F , equation (3.12) becomes
∂F (WiCi )
= f (WiCi )ηp(Ci )h(Ci ),
∂gi
where f is the probability density function of ū. As a result, connections
and growth are complementary if
p(1)
f (Wi0 ) h(0)
>
,
p(0)
f (Wi1 ) h(1)
and substitutes if the opposite inequality holds.
Since WiCi depends on gi , whether connections and growth are complementary or substitutes may change with gi . Denote the relative importance
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of the loyalty-fostering role of connections to their informational role by
ξ≡

p(1)/p(0)
h(0)/h(1)

so that if f (Wi0 )/f (Wi1 ) < ξ, connections and growth are complementary.
Below we show that for sufficiently high ξ, complementarity holds for a
wide range of gi around the mean growth (i.e. ā). We also show that substitutability holds for a wide range of gi around ā for sufficiently low ξ.
First, suppose that ξ > 1. With the uniform distribution of ū, this condition implies complementarity of connections and growth. It also implies
that the difference in payoffs from promoting connected and unconnected
provincial leaders with the same growth performance, Wi1 − Wi0 , monotonically increases with gi . Let ĝ be the growth rate that equates Wi1 and Wi0 .
Since Wi1 > Wi0 at gi = ā, we know that ĝ < ā.
At gi = ĝ, f (Wi0 )/f (Wi1 ) = 1, suggesting that connections and growth
are complements. When ∂f (WiCi )/∂WiCi > 0 (e.g. ū being normally distributed with the equilibrium promotion probability less than a half),
f (Wi0 )/f (Wi1 ) decreases with gi because Wi1 becomes larger than Wi0 . Therefore, there exists ḡ c < ĝ such that connections and growth are complementary for all gi > ḡ c . On the other hand, when ∂f (WiCi )/∂WiCi < 0 (e.g. ū
follows the Pareto distribution), f (Wi0 )/f (Wi1 ) increases with gi . There exists g̃ c > ĝ such that connections and growth are complementary for all
gi < g̃ c . As g̃ c increases with ξ, we have g̃ c > ā for a large enough ξ. Thus,
for a range of gi around ā, connections and growth are complementary under general distributions of ū if ξ > 1.
Second, suppose instead that ξ < 1, under which connections and growth
are substitutes if ū follows the uniform distribution. In this case, Wi1 − Wi0
monotonically decreases with gi . As Wi1 > Wi0 at gi = ā, this implies that
ĝ > ā.
At gi = ĝ, f (Wi0 )/f (Wi1 ) = 1, suggesting that connections and growth
are substitutes. When ∂f (WiCi )/∂WiCi > 0, f (Wi0 )/f (Wi1 ) increases with
gi , suggesting that there exists ḡ s such that connections and growth are
substitutes for all gi > ḡ s . With a small enough ξ, we have ḡ s < ā. In the
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case of ∂f (WiCi )/∂WiCi < 0, f (Wi0 )/f (Wi1 ) decreases with gi . There exists
g̃ s > ĝ such that connections and growth are substitutes for all gi < g̃ s .
PSC’s survival probability decreases with ability The probability for the
PSC members of remaining in power, p(Ci ), may depend on ai . If p(Ci ) increases with ai , it would act in a similar way to ai in the PSC’s utility function. Consequently, our results are robust. A more interesting, and probably
more plausible, case is when p(0) decreases with ai while p(1) does not depend on ai . In other words, more able officials threaten the power of the
incumbent PSC members, and this effect is weaker if the officials are connected because connected officials are loyal to the PSC members.
Denote this probability by p(Ci , ai ). Since ai is unobservable, the PSC
forms an expectation on the probability of survival from observed growth,
which is given by
Z
p(Ci , ai )φ(ai |gi )dai ,
where φ(ai |gi ) is the posterior probability density function of ai given gi .
In this setting, equation (3.12) becomes
Z
h
∂F (WiCi )
Ci
=f (Wi ) ηh(Ci ) p(Ci , ai )φ(ai |gi )dai
∂gi
Z
∂φ(ai |gi ) i
dai .
+ (R + η(h(Ci )gi + (1 − h(Ci ))ā)) p(Ci , ai )
∂gi
The second term in the square brackets is zero for Ci = 1. For Ci = 0, it is
negative for gi > ā because we have ∂p(0, ai )/∂ai < 0 and ∂ 2 φ(ai |gi )/∂gi ai >
0. It is positive if gi < ā.
This implies that F (Wi0 ) is a concave function. If ξ > 1, the complementarity may not hold for a low value of gi . If ξ < 1, substitutability may
not hold for a high value of gi . In both cases, however, a sufficiently high
(low) ξ preserves the complementarity (substitutability) of connections and
growth for a wide range of gi .
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Strategic provincial leader

Given the promotion scheme, it is natural for

provincial leaders to exert an effort to boost the economic growth of the
province. Now, we modify the model to incorporate such strategic behavior of the provincial leader. Provincial leader i obtains the payoff of r if
promoted and zero otherwise. Provincial growth, gi , is now determined by
the following equation:
g i = a i + e i + εi ,

(2.9)

where ei is the effort made by i, and the function g is increasing in all arguments.33 The disutility from making an effort for i is κ(ei ) with κ0 > 0 and
κ00 > 0. The timing of events is as follows. First, nature picks the value of ai ,
unobservable to both the PSC and the provincial leader.34 Second, provincial leader i chooses ei . Third, nature picks the value of εi , and thus gi is
observed by all players. Finally, the PSC decides whether to promote i.
The expected ability conditional on the observed growth is now given
by
E(ai |gi ) = h(Ci )(gi − e˜i ) + [1 − h(Ci )]ā,

(2.10)

where e˜i denotes the optimal choice of effort by i. When choosing ei , provincial leader i knows that the PSC will promote i if
h

i
p(Ci ) R + η h(Ci )(ai + ei + εi − e˜i ) + [1 − h(Ci )]ā ≥ ū.

(2.11)

Provincial leader i maximizes the probability that this condition holds. Since
i does not know his own ability, this condition suggests that the optimal effort level only differs by Ci . Denote this optimal effort by e∗ (Ci ). Once gi
33

We might consider a situation where ability and effort are complements: gi = ai ei +
εi . This case is intractable to analyze although it can be shown that the interdependence
between connections and growth now depends on the equilibrium effort level as well as on
p(Ci ) and h(Ci ), which may or may not offset the connection effects.
34
The assumption that the provincial leader does not know his own ability follows the
standard career-concern model (Holmström 1982; Persson and Tabellini 2000). It implies
that a provincial leader does not know ex ante to what extent he is capable of running a
provincial economy and of running the central government if promoted. This assumption
certainly affects the optimal effort choice by provincial leaders. However, as we will see, the
interdependent role of connections and growth in promotion does not hinge on the optimal
effort level. Thus, this assumption is innocuous for our purpose.
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has been observed, the probability of i’s promotion is
h

i
F p(Ci ) R + η{h(Ci )[gi − e∗i (Ci )] + [1 − h(Ci )]ā} ,
where we exploit ẽ = e∗i (Ci ) by rational expectation. Differentiating this
expression with respect to gi yields equation (3.12).

Connections affect the average ability

The average ability, ā, may de-

pend on Ci . Since connected provincial leaders are known to the PSC members when they assume provincial office, they are likely to be a selected
sample of officials with higher ability: ā(Ci = 1) > ā(Ci = 0). Alternatively, connected provincial leaders are those relying on connections to
climb the promotion ladder in the Communist Party while unconnected
ones are those relying on their competence. In this case, we would have
ā(Ci = 1) < ā(Ci = 0).
With the uniform distribution of ū, allowing ā to depend on Ci does not
affect the analysis as ∂F (WiCi )/∂gi does not depend on ai . However, the
above analysis with more general distribution functions of ū changes as
follows. ξ needs to be much larger for complementarity to hold if ξ > 1 and
∂f (WiCi )/∂WiCi < 0 while it needs to be much lower for substitutability to
hold if ξ < 1 and ∂f (WiCi )/∂WiCi > 0. This is because ā(Ci = 1) > ā(Ci =
0) makes Wi1 − Wi0 larger, thus moving ĝ further away from ā.

Connections reduce the variance of growth shock

The variance of the

growth stochastic shock, σε , may depend on Ci . If σε is smaller for Ci = 1,
h(Ci ) in equation (2.3) can be larger for Ci = 1. As a result, condition (2.6)
is less likely to hold, and thus the substitutability between connections and
performance is less likely to be observed even if we have σa (1) < σa (0).
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Definition of variable names used in tables
Measures of promotion
Promoted The indicator of getting promoted where promotion is defined
as becoming a member of the Politburo, a Vice Premier, and a State Councilor for secretaries, a member of the PSC for Politburo-member secretaries,
and a provincial secretary for governors.
Minister The indicator of getting promoted according to the definition of
promotion that includes becoming a minister for governors.
NPC The indicator of getting promoted according to the definition of promotion that further includes becoming the vice-chairman of the NPC for
both secretaries and governors.
CPPCC The indicator of getting promoted according to the definition of
promotion that further includes becoming the vice-chairman of the CPPCC
for both secretaries and governors.
Measures of connection
Connection The indicator of being connected to at least one of the current
members of the PSC where connection is defined as working in the same
workplace in the same period in the past.
Class The indicator of being connected to at least one of the current members of the PSC where connection is defined as graduating from the same
college within a range of three years.
Alumni The indicator of being connected to at least one of the current
members of the PSC where connection is defined as graduating from the
same college irrespective of the graduation year.
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Birth province

The indicator of being connected to at least one of the cur-

rent members of the PSC where connection is defined as being born in the
same province.
Leadership spell level variables
Term length The number of years in office.
Other time-variant variables
Growth

The average annual real provincial GDP growth since assuming

office minus the sample mean of the 966 leader-year observations.
PSC work province

The indicator of ruling the province where at least

one current member of the PSC used to work.
PSC home province The indicator of ruling the province where at least
one current member of the PSC was born.
Future/past connection The indicator of being unconnected to any current members of the PSC but being connected to at least one past or future
member of the PSC, where connection is defined as working in the same
workplace in the same period in the past.
Transfer from center The fiscal transfer from the central government to
the province that the provincial leader is ruling.
Workplace The indicator of being unconnected to any current members
of the PSC but having worked in the workplace in which at least one current member of the PSC used to work in a different period.
Politburo connection The indicator of being unconnected to any current
members of the PSC but being connected to at least one member of the
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Politburo, where connection is defined as working in the same workplace
in the same period in the past.
Other time-invariant variables
Age The age in the year of assuming office (thus time-invariant for each
leadership spell).
Previous growth

The average annual real provincial GDP growth for the

five-year period before assuming office.
College graduate The indicator of having graduated from college.
Served in center

The indicator of having assumed positions in the central

government.
Home The indicator of ruling the province where the provincial leader
was born.
Princeling The indicator of being a princeling (i.e. the son or the son-inlaw of a prominent Communist Party official)
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Chapter 3

Pollution for Promotion∗
3.1

Introduction

How do political incentives affect the environment? Politicians often face
a trade-off between creating jobs to gain votes and protecting the environment. The Ilva steelworks pollution scandal in southern Italy in 2012 is
an example of deliberate political neglect because Ilva was an important
job provider. Politicians can also be attracted by rents offered by private
firms in exchange for tacit permission to conduct environmentally harmful economic activities. Gobal Witness (2012) reports that officials and private companies in Liberia have colluded to secure logging permits and cut
down pristine forests. Despite many real-world cases, research on the political economy of the environment is still very sparse. This paper offers
evidence from China based on various sources of data and demonstrates
that high environmental pollution levels can partly be explained by politi∗
I am indebted to Torsten Persson and David Strömberg for their guidance. I thank
Philippe Aghion, Konrad Burchardi, Jinfeng Ge, Per Krusell, Masa Kudamatsu, Xiaohuan
Lan, Erik Lindquist, Huihua Nie, Peter Nilsson, Yu Qin, James Robinson, Ashish Shenoy,
Jakob Svensson and seminar participants at Bocconi, LSE, Northwestern Kellogg, USC Marshall, Berkeley, Stanford GSB, UCSD IRPS, UPF CREI, PSE, UCL, Warwick, SSE, NEUDC,
OxCarre, Stockholm University, Research Institute of Industrial Economics, Stockholm Institute for Transition Economics, BREAD-Guanghua Summer School, Renmin University
of China and IIES for their comments. I also thank Christina Lönnblad for editorial assistance. Financial support from Handelsbanken’s Research Foundations is gratefully acknowledged. Any remaining mistakes are my own.
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cians’ incentives.
China is, in many ways, an ideal context for such a study. Its phenomenal growth rates over the last three decades have been fueled by fossil energy sources with adverse impacts on the environment, both within China
and across the globe.1 Air pollution, as measured by the ambient concentrations of particulate matter (PM) and sulfur dioxide (SO2 ), is among the
worst in the world. Across China, only 1% of urban dwellers breathe air
that would be considered safe by the European Union (The New York Times
2007). The pollution problem is by no means limited to the air, however,
and water pollution is another pressing challenge.2 Part of the explaination
for the pollution problem is structural change. In this respect, the pollution problem in China shares some common features with industrialized
societies when they were less developed. But relative to its developmental
stage, China has relied on an unusually high amount of polluting industries (Vennemo et al. 2009). The reason is generally suspected to be political:
abundant anecdotal evidence suggests that many polluting technologies
are conscious choices by political leaders.3
The logic behind the anecdotal evidence is that politicians welcome polluting technologies in their regions when they have strong incentives to
enhance growth, because economic growth is relevant for their chance of
promotion. In this paper, I formalize this logic in a simple career-concerns
model with choices of clean and dirty technologies as well as effort. I use
political connections between local governors and key officials at the political center as a source of variation in the career concerns emphasized in
1
For example, China overtook the United States in 2006 as the world’s biggest emitter
of carbon dioxide. Another example is that sulfur dioxide and nitrogen oxide spewed by
China’s coal-fired power plants fall as acid rain on Seoul, South Korea (The New York Times
2007).
2
See The River Runs Black (Economy 2004) for a vivid description of water pollution in
China.
3
For example, a report by Xu et al. (2011) suggests that the aim for higher GDP constitutes the root of Yangtze River pollution. Another report by Qie (2012) argues that many
polluting projects are constructed without thepermission of environmental bureaus due to
local government support. Complaints regarding local politicians’ laxity on pollution for
the sake of their own careers occur on a daily basis.
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the model.4 I document that in the data, connections and economic growth
are complements for promotion. Based on this empirical finding, I assume
complementarity between connections and performance in the model: connections increase the marginal value of economic performance. This complementarity also implies that connections increase the marginal values
of dirty technologies and effort. As a result, the model predicts that connections increase pollution for a given level of effort. Meanwhile, more
effort allows the politician a larger budget to afford more dirty inputs.
The simple model also delivers two auxiliary predictions. First and unsurprisingly, a higher relative price of clean technologies increases the use of
dirty technologies due to a substitution effect. However, connections further strengthen the substitution effect because of their complementary role
in promotion. Second, under the standard assumption that the production
technology has decreasing returns to scale in the two types of technologies,
the model predicts that the impact of connections on pollution is more than
proportional to their impact on production.
These predictions are then taken to a data set across 30 Chinese provinces
between 1993 and 2010.5 Two main empirical challenges are identification
and data quality. The identification challenge is to find exogenous variation
in political connections. A provincial leader is defined as connected if at
least one of his past colleagues entered the Politburo Standing Committee
(which decides on the promotion of provincial leaders) due to a reshuffling
at the center. But connections are not necessarily exogenous. For example,
connected politicians might be appointed to “better” regions where they
can develop the economy without relying on dirty industries or “worse”
regions as a test of their ability. To find exogenous variation in connections,
I focus on within-governor variation: I examine how governors respond to
gaining or losing connections due to the reshuffling of the Politburo Stand4
I look at both governors and party secretaries in the empirical analysis and find that the
impact of governors is more important.
5
I start from 1993 because this is the year to which the detailed biographical data of
politicians and pollutants can be traced back. Meanwhile, it is the division year of fiscal decentralization, which provides a stronger incentive for local politicians to generate growth.
Tibet is excluded from the analysis because its information is often missing.
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ing Committee, given that they have already been appointed. This way, I
can address the endogenous appointment concern that has been discussed
yet often unsolved.6 The advantage of this strategy is that the variation is
very likely to be exogenous. The disadvantage is that I employ the variation
of a small sample. To deal with this concern, I compare within-governor
estimates to within-province estimates and find that they are not dramatically different. I also employ robust regression methods to deal with the
influence of potential outliers.
The second data-quality challenge, which is general for studies on the
political economics of contemporary China, is that the data might be subject to gaming by politicians. To address this challenge, I employ data from
various sources, including biographies of politicians open to the public,
provincial-level outcomes from official yearbooks, river-quality data from
national monitoring stations, as well as weather shocks from the US National Oceanic and Atmospheric Administration (NOAA). This way, I can
examine the impacts of career concerns with different lenses and check for
consistency of findings based on different data sources.
To test the first model prediction, on the link between connections and
pollution, I investigate province-level information on pollutants. I focus
on Chemical Oxygen Demand (COD) in industrial waste water (measured
data) and industrial SO2 , a major pollutant in the air (reported data). I find
that connectedness increases industrial COD by about 12% and the effect is
precisely estimated. The impact of connectedness on industrial SO2 is not
precisely estimated (with a magnitude of 8%).
To test the second model prediction, related to the interaction of connections and the relative price of inputs, I focus on the electricity-generation
sector. In China, two main technologies produce electricity: coal-fired thermal power is dirty and hydro power is clean. When droughts limit the use
of water, hydro power becomes relatively more expensive. This creates a
testing ground for my model. I find that droughts indeed increase coal6

For example, as pointed out by Huang (1999), “instead of monitoring the specific tasks
that local officials perform, the central government carefully monitors political and professional credentials when they make personnel selections”.
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fired power use by about 4% and that connections further strengthen the
impact of droughts to about 9%.
To check the third model prediction, i.e. that the effect of connections on
pollution is more than proportional to production, I examine the impact of
connections on the ratio of pollutants to real GDP. I find that connectedness
increase COD/GDP by about 9%. Once again, the impact of connectedness
on SO2 /GDP is postive but not significant.
I also conduct various robustness checks regarding concerns about measurement of connections, data quality, help from the center, and statistical
outliers.
The different sources of data deliver a similar message: connections increase the marginal payoff of pollution, i.e., strengthen the career concerns
of politicians. However, connections might capture other dimensions. In
particular, two other channels may work together with career concerns.
First, connected governors might be protected so that they can pollute more.
I do not find this to be the case in the data. Second, connected governors
may get more resources from the center and hence, pollute more. I present
different pieces of evidence that transfers from the center cannot explain
all my findings. These findings are not to deny the role of favoritism but to
provide evidence that connections can also affect the career prospective of
politicians.
Although it is not surprising that connections and performance can be
complements in many contexts, this role of connections has not been empirically documented. Existing studies on the value of political connections
have focused on favoritism (Fisman 2001; Shih 2004; Khwaja and Mian
2005). Different from these studies, I show that connections may also affect
the effort and policy choices of politicians. If the connections of politicians
in China only worked through a favoritism channel, the outcomes would
be very inefficient. In contrast, if the connections of politicians also lead to
more efforts and more pro-growth policies (despite the multi-tasking distortions of different dimensions of efforts), we see positive effects on economic growth.7 This might be one reason why a society like China, where
7

This feature has a similar flavor to the multitasking model in Holmström and Milgrom
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connections play a critical role in business and politics can still grow fast.
Besides the studies of political connections, this paper is also related to
a few other literatures. First, it is an addition to the meager literature on the
political economy of the environment (e.g., List and Sturm (2006) on how
election incentives affect environmental policies in the US and Burgess et al.
(2012) on how private incentives of local politicians increase the deforestation in Indonesia).8 In terms of external validity, the finding that politicians
are strongly motived by promotion might be specific to China. However,
the implication that political incentives affect the environment is general.
Second, it is an application of the theory of incentives in firms to the organization of governments. Since the seminal paper by Holmström (Holmström 1982, 1999), the theory of career concerns has been widely applied
to the behavior of government agencies in both theoretical models (Dewatripont et al. 1999; Alesina and Tabellini 2007) and empirical analysis
(Besley and Case 1995). Empirically, it is not easy to find exogenous variation in career concerns and existing studies focus on the lame-duck effect
due to term limits or age.9 This paper provides another approach to the
study of career concerns.
Third, in the context of China, an emerging literature in economics argues that career concerns play an important role in promoting growth, as
provincial leaders are incentivized by the prospect promotion. Due to the
political structure that each province does not only enjoy a certain degree
of autonomy but is also self-contained in its functions, it is also feasible
for provincial leaders to enhance growth once they are incentivized. This
line of empirical literature finds that higher economic growth increases the
probability of promotion (Li and Zhou 2005). Xu (2011) summarizes related
(1991).
8
A recent study (Wu et al. 2012) shows that the investment in environmental protection
does not increase the chance of promotion for city leaders, which provides an indirect way
of understanding why leaders have no incentive to invest in environmental protection.
9
I do not focus on the effect of age in this paper. On the one hand, in 1982, the central
government set the mandatory retirement age at 65 for ministers, provincial party secretaries and governors. On the other hand, a leader is no longer subject to this requirement
once he or she has been promoted. Given this institutional background, the effect of age is
ambiguous.

3.2. THEORETICAL FRAMEWORK

69

studies. The finding is not uncontroversial, as social connections are considered to be a critical factor for promotion stressed in the political science
literature.10 Thus, the question is whether growth still matters for promotion once social connections have been accounted for (Opper and Brehm
2007; Shih et al. 2012). In a related paper, my coauthors and I provide systematic evidence on the complementarity between connections and growth
for promotion (Jia et al. 2012). The present study instead focuses on one important consequence of promotional incentives: the environment.
Finally, existing studies on the political economy of contemporary China
have also examined the impact of other characteristics of politicians, particularly the impact of inside versus outside politicians on local capture (Persson and Zhuravskaya 2012; Jia and Nie 2012). This characteristic does not
vary within individuals. This paper studies the impact of political characteristics that may vary over time. The emprical strategy has a similar flavor
to that in Blanes i Vadal et al. (2011) which explores within-lobbyist variation to evaluate the impact of connections on revenues of lobbying firms.
The paper is organized as follows. Section 3.2 lays out a theoretical
framework of career concerns and pollution, which guides the empirical
specifications. Section 3.3 describes the institutional background and the
data. Section 3.4 presents the main empirical strategy and the empirical
tests of the three main predictions of the model. Section 3.5 includes robustness checks using alternative data, a dynamic specification, and robust
regressions. Section 3.6 further discusses the mechanism of connections.
Section 3.7 concludes the paper.

3.2

Theoretical Framework

To guide my empirical analysis, I present a model with three key elements
and present empirical support for the key assumptions.
10

There is also a literature on factionalism in Chinese politics contributed by political
scientists such as Nathan (1973), Dittmer (1995), Shih (2004), Bo (2007), and Shih et al. (2012).
More closely related to this paper, Cai and Traisman (2006) speculate that growth-enhancing
policies emerged from competition between pro-market and conservative factions in the
central government.
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First, there is a positive link between career concerns and output. This

feature is shared by the standard career-concerns model (Holmström 1982).
Second, there are at least two inputs, one clean and one dirty, with the clean
one being more expensive. This feature is shared by the literature on trade
and the environment that treats emissions as an input (Copeland and Taylor 2004). Third, variations in career concerns are allowed. I model this feature as different social connections to the key officials in the Center. This
feature is specific to this paper and has empirical underpinnings. An empirical test of this assumption is discussed in Section 3.2.3.
With these three features, in the model, a Local Governor (GL ) is motivated by career concerns to satisfy the Central Government (GC ). Different
from the standard career-concerns model, I examine how GL responds to
career concerns by making two choices: one is on the level of effort positively associated with his budget and the other is how to allocate his budget between a clean input and a dirty input. Local Governors differ in their
social connections.

3.2.1

Model Assumptions

Technology The Local Governor GL can produce output Y by using
a dirty input (E), a clean input (K) and a third factor such as land or labor
(L). The production function is as follows:
Y = E α K β L1−α−β ,

(3.1)

where α + β < 1.11 The dirty input (E) generates pollution. This is a shortcut to think about the policy instruments of GL . In the real world, GL can
choose policies such as environmental regulations that affect the technology choices of firms. For simplicity, I assume L to be fixed and equal to 1.
11

I use the Cobb-Douglas production function following a literature on environmental
economics (Copeland and Taylor 2004). By assumption, there is a complementarity between
E and K. All results below hold if I assume that E and K are perfect substitutes. Using the
Cobb-Douglas production function simplifies my calculations.
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Thus, the production function can be rewritten in logs:
y ≡ ln Y = α ln E + β ln K.

(3.2)

The choice of GL is subject to his budget:
pE + K = e,

(3.3)

where the price of K is normalized to 1 and the relative price of E is p.
GL can increase his budget (e) by putting in more effort. Efforts are
costly, with an increasing cost function Ae, where A is a positive constant.12
If a higher output increases the promotion probability, GL would like to
use more dirty input E for a given a level of e. However, pollution has an
additional cost of BE, where B is a positive constant. The cost can reflect
the fact that GL dislikes pollution like any other citizen or because pollution
leads to some punishment.
The final observed log output also depends on GL ’s competence θ:
ye = θ + α ln E + β ln K,

(3.4)

where θ has a normal distribution with mean θ and variance σθ2 . As I use log
transformations for ease of algebra, θ can be considered as a productivity
e αK β )
shock to y. (For example, observed output can be written as Ye = θE
Note that − like in the Holmström (1999) career concerns world−GL
also does not observe θ when he takes the decisions. As discussed in Persson and Tabellini (2000), this avoids issues of signaling but leads to similar
conclusions as in the case where GL observes θ. The assumption that GL
does not know his ability can be considered as him not being certain about
his ability to run the province. Thus, he also needs output information to
update his own belief.

12
The linear cost function is assumed for simplicity. The results are robust to using a
convex cost function but the expressions are less transparent.
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Promotion Rule The promotion rule is determined by the Central Gov-

ernment (GC ). The payoff that GC can get from GL is complementary in
G0L s competence (θ) and connectedness (C). I assume that what GC can get
is given by the expected value E(q(C)θ), where q 0 (C) > 0. I set q(C) = C so
that I do not need to carry around q 0 (C) in the calculation. One interpretation can be that GL might hide a certain part of the production (positively
associated with GL ’s competence) from GC but connected governors hide
less. Empirical support for the complementarity assumption is presented in
Section 3.2.3. Naturally, one can imagine that C and θ are substitutes. If C
and θ were substitutes, the implications would be opposite to the solution
presented below.
GL gets promoted if the expected utility from promoting him for GC
exceeds the expected utility from promoting an average governor. Denote
the expected utility U .13 The promotion can be written as:
E(Cθ) ≥ U

(3.5)

where connectedness (C) can be observed by GC . In contrast, GC cannot
observe G0L s competence, θ. Instead she infers θ from the noisy signal ln y.
Thus, the promotion rule can be rewritten as:
CE(θ|e
y) ≥ U .

(3.6)

Since E(θ|e
y ) = θ + ye − Ee
y , the promotion probability is defined by the
following condition:




U
U
P = Pr θ ≥ −y + Ey +
= 1 − Φ −y + Ey +
,
C
C
13

(3.7)

In this setup, I focus on whether GC decides to promote one governor compared to the
expected utility from promoting an average (U ). Yardstick competition is not considered
here. Allowing for yardstick competition generates a similar conclusion on the incentives
but has different implications on the equilibrium chance of promotion. This promotion rule
also implies that governors function as politicians who want to satisfy the key officials in
the Center rather than as bureaucrats who maximize E(θ|y) in a labor market with many
potential employers (Alesina and Tabellini 2007).
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where Φ(·) is the c.d.f of the normal distribution with mean θ and variance
σθ2 .

Promotion Incentives and Connectedness In equilibrium, Ey = y,
and the promotion probability will be:

P =1−Φ

U
C


.

(3.8)

This condition implies that a connected GL is more likely to be promoted.
Further,
∂P
=φ
∂y



U
C


.

(3.9)

φ(·) is the p.d.f of the normal distribution with mean θ and variance σθ2 .
For P <

1 14
2,

this condition implies that the marginal effect of GDP on

promotion is higher for a connected GL .
In this paper, I focus on the upward (promotion) incentives for politicians, as provincial governors have a promising career where the returns
to promotion are high. In the real world, some governors may also care
about private rents that breed corruption in environmental regulation. Such
downward (corruption) incentives are relatively more important for politicians that have little hope of moving upward such as those in charge of a
specific sector.15

Timing Before finding the solution, let me clarify the timing of events.
First, GL chooses E and K, knowing his own connections C but not his ability θ. Second, nature picks θ. Output is realized and observed (augmented
by θ) by GC . Last, observing the output, GC decides whether to promote
GL . If GL is promoted, GC gets Cθ from him. If an average candidate is
promoted, GC gets U .
14

This assumption is reasonable, given that the mean promotion rate is 0.13 in the data.
For example, Jia and Nie (2012) focus on local politicians in charge of safety and investigate how they collude with firms for the safety regulation of coal mines.
15
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3.2.2

Solution

The problem for GL is to maximize the expected benefits from promotion
minus the cost of pollution (with the benefit from promotion being normalized to 1):
P · 1 − Ae − BE,

(3.10)

s.t.
E + pK = e.

U
where P = 1 − Φ −y + Ey + C
.

(3.11)



Note that GC can dislike pollution more than GL . However, given that
E is not verifiable for GC , whether E is in GC ’s utility function or not does
not change the solution to GL ’s problem. Besides, the costs of E in GL ’s
utility imply that pollution does not directly affect the promotion probability P . I provide empirical support for this implicit assumption in Section
3.2.3.
Substituting the budget constraint into the maximization equation, the
first-order conditions can be written as follows:
βp
α
−
) = M CE ≡ B,
E e − pE
β
M Re ≡ φ
= M Ce ≡ A,
e − pE

M RE ≡ φ(

U
α
where φ ≡ φ( C
) indicates the density of competence, while ( E
−

and

β
e−pE

(3.12)
(3.13)
βp
e−pE )

indicate the marginal returns from E and e in terms of increasing

output.
The two first-order conditions give the equilibrium level of E and K:
E∗ =
where pe ≡

1
pA+B

αφ
≡ αφe
p,
pA + B

(3.14)

can be considered as (a transformation of) the price of K

relative to E (rather than the other way around).
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Since φC > 0 (given that P <

1
2 ),

the compar-

ative statics of the equilibrium condition for E in equation (3.14) give the
following two predictions:
P1 Connectedness (C) has a positive impact on emissions (E):

∂E
∂C

P2 Not only does the relative price of the clean input (e
p) raise E:
this effect is increasing in C:

∂2E
∂ pe∂C

> 0.
∂E
∂ pe

> 0, but

> 0.

As the proof is straightforward, I intuitively discuss the mechanisms
at work. Given that the promotion probability is less than 12 , φC > 0, i.e.,
a higher level of C increases the value of a given unit of marginal output
in terms of expected promotion and, consequently, increases the effort e
as well as the use of dirty input E.16 Different from C, a higher price of
the clean input (e
p) increases the marginal returns from the dirty input and
hence makes the dirty input more attractive. This substitution channel itself is quite mechanical. More interestingly, the substitution effect is further
strengthened by GL ’s career concerns (affected by C), which drives an interaction effect of pe and C.
What is the impact of connections on E relative to the scale of production Y ? This can be seen by the following calculations. Rewrite the producβ
tion function in terms of E ∗ and K ∗ (Y = (E ∗ )α (K ∗ )β = (φαe
p)α ( φβ
A ) ) and

divide E by Y (E = φαe
p) to get:
E(C)
β
= φ(C)1−α−β (αe
p)1−α ( )−β .
Y (C)
A

(3.15)

Equation (3.15) gives the following prediction:
16

It is worthwhile to mention that the impact of connections on E is positive but smaller
for a fixed level of effort e. Now suppose that e is fixed. Taking the derivative with respect
to C in equation (3.12) gives:

∂E
∂C

=

βpE
αφC − e−pE
φC

βφp

e
(e−pE)2

+B

. In the case where e is endogenous, equa-

tion (3.12) and equation (3.13) give the following condition:

∂E
∂C

=

αφC
.
1
βφp e−pE
+B

Clearly, the

right-hand side of equation (16) is smaller (with a smaller nominator and a larger dominator) but it is also positive (the sign can be seen from the first-order condition). This comparison shows that there is an additional effect of connections on pollution by putting in more
efforts.
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P3 The impact of connectedness (C) on emissions (E) is more than proportional

to the impact on the production scale.
This prediction follows because α + β < 1 (together with φC > 0),
a standard assumption about the production function. This assumption is
also reasonable in this context, as the inputs are often subject to certain
capacity constraint. For example, the increasing demand for coal makes
coal mining deeper and deeper.

3.2.3

Discussion of the Assumptions

A key assumption for Prediction 1 and Prediction 2 is that connections and
performance are complementary for promotion. Also, by assumption, connections and pollution together does not directly affect the promotion probability. These assumptions revolve around the promotion outcome, which
constitutes the focus of Jia et al. (2012). Here, I present some statistical support for the assumptions. Specifically, I examine how promotion is affected
by GDP and pollutant growth, connections as well as the interaction of
the two factors. I discuss these empirical findings now, in close connection
with the model − even though I have not yet introduced the underlying
data. These data will be carefully discussed in the next section, however.
Table 3.1 presents the main results on promotion for governors and
party secretaries separately. The research on the promotion of Chinese politicians has been controversial because the definitions of promotion vary across
studies (Tao et al. 2010). Here, I present the results where promotion of governors refers to becoming a party secretary or a minister and promotion for
secretaries refers to becoming a Politburo member.17 In line with the underlying literature, GDP growth is measured the average annual real GDP
growth since assuming office. In Jia et al. (2012), we find that networks between former work colleagues matter the most for promotion. Thus, I use
this definition of connections.
17

See Jia et al. (2012) for more robustness checks using broader definitions by including
the positions of vice-chairmanship of the National People’s Congress and vice-chairmen of
the National Committee of the People’s Political Consultative Conference as promotion.

Y

119
474

Y

119
474

Y
Y
Y
119
474

128
490

Y

0.044∗
(0.024)

0.536
(0.431)

(5)
Gov.

128
490

Y

0.033
(0.022)

0.140
(0.494)

(6)
Sec.
1.993∗∗
(0.909)

Y
Y
Y
128
490

0.023
(0.022)

8.393
(5.545)

(7)
Sec.
1.840∗∗
(0.927)

0.030
(0.022)
Y
Y
Y
112
452

0.010
(0.046)

0.032
(0.024)

(8)
Sec.

Notes: Promotion for a governor is a dummy indicating that a governor becomes a party secretary or a minister and promotion for a party secretary
is a dummy indicating that a secretary becomes a Politburo member. The results are robust to using more general definitions of promotion. Growth
measures the average of annual real growth since assuming office. Controls include whether a politician has been in office longer than one term, his age,
his education, whether he is from the province he governs and whether he has work experience in the Central government.
Reported in parentheses are standard errors clustered at the politician level. * Significant at 10%, ** 5%, *** 1%.

Province and Year FE
Controls
Controls*Growth
# clusters
# observations

-0.059
(0.088)
Y
Y
Y
104
442

0.025
(0.035)

Demeaned COD Growth

0.009
(0.035)

(4)
Gov.

0.015
(0.088)

0.028
(0.031)

0.056∗
(0.033)

Connected

-1.831
(8.477)

(3)
Gov.
3.337∗∗
(1.627)

Connected*De. COD Growth

0.503
(0.549)

0.780
(0.625)

(2)
Gov.
3.086∗
(1.778)

(D EPENDENT VARIABLE : P ROMOTION )

Demeaned Growth

Connected*Demeaned Growth

(1)
Gov.
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Columns 1-4 present the results for governors. Column 1 shows that

both connections and real GDP growth are positively correlated with promotion.18 The connection effect is large: connectedness increases the promotion probability by around 5.6 percentage points whereas the mean promotion rate is around 10 percentage points. This finding is consistent with
the argument on connections in the political-science literature such as Shih
et al. (2012). It is also the implication of equation (3.8) above. The coefficient
of GDP growth is positive but is not significant after clustering standard errors at the politician level. This finding can be taken as a robustness check
of the argument in the related economics literature such as Li and Zhou
(2005). Column 2 presents the result on the interaction effect and shows
that the interaction exerts a significantly positive effect. This confirms the
implication of equation (3.9) above. Column 3 further includes characteristics of governors and their interactions with growth, showing that the
results in column 2 are stable across specifications.19 These findings shed
some light on the debate whether performance is of importance for promotion. They suggest that performance and connections are complementary
and provide an empirical underpinning for the complementarity assumption made in my model. Similarly, columns 4 presents the results on how
the growth of a major pollutant and its interaction with connections affect
promotion. The interaction has no significant impact on promotion. This
is not surprising given that pollution may affect promotion only when it
leads to extreme accidents.
Columns 5-8 present the corresponding results for party secretaries. The
main messages are similar to those for governors. However, the complementarity effect is about half as large as that for governors. This is one
reason why I focus on the role of governors in the empirical analysis to
follow.
18

An earlier version of the paper uses nominal GDP growth. The results are similar but
different in magnitudes.
19
These characteristics include whether the politician has been in office longer than one
term (five years), his age, his education (college or not), whether he is from the province he
governs and whether he has work experience in the central government.
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Institutional Background and Data

To test Prediction 1 empirically, I combine information on provincial governors and data on provincial-level pollutants between 1993 and 2010. To
focus on the governors who are most likely to affect economic outcomes, I
exclude those who hold office for less than two years in the baseline estimates. Connectedness C is defined from politicians’ careers.
To test Prediction 2, I focus on the electricity-generation sector and examine the interaction effect of connections and droughts, as droughts affect the relative price of coal-fired power and hydro power. Since the use of
my data hinges on institutions, I now combine a discussion of institutional
background with a description of data.

3.3.1

Province-level Outcomes

Corresponding to E in the model, I look at two major pollutants in each
province i and year t. These are the logs of Chemical Oxygen Demand
(COD) in industrial waste water (ln CODit ) and industrial Sulfur Dioxide
(SO2 ) emissions (ln SOit ). Both of them are known from the literature on
the impacts of pollution to be detrimental to health and land productivity.
The source of these data is China Environment Yearbooks, available between
1993 and 2010.20 I also use the data from two other sources as alternative
measures of COD and SO2 .
COD and SO2

COD in industrial waste water is known to be pos-

itively correlated with liver cancer and digestive cancers such as gastric
cancer (Zhao et al. 2012). Besides the direct health impact, a large share of
China’s irrigation water is waste water, where a higher level of COD has a
negative impact on land productivity as well as a negative indirect health
impact via crops (The New York Times 2007).
Industrial SO2 is significantly correlated with chronic obstructive pulmonary diseases in some parts of China (Xu et al. 2000). In addition to its
20
The year information refers to the data rather than the yearbook. The information in
year t is reported in yearbook t + 1. This is true for all yearbooks used in this paper.
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adverse impact on health, SO2 is also the main cause of the acid-rain problem, a serious threat to agricultural productivity (Xing 2002).
The COD and SO2 data presented in the yearbooks is the amount (in
tons) discharged into surface water or air. As explained in the yearbooks,
the numbers are obtained in two distinct ways. COD is measured at certain
monitoring points and its quantity is obtained by multiplying the average
COD density at the monitoring point and the volume of waste water. On
the other hand, SO2 is imputed by multiplying reported uses of energy and
SO2 emission coefficients for different types of energy. Because the COD
data really measures the quantity of pollutants, it may contain more precise
information about pollution than SO2 . Summary statistics are presented in
Panel A of Table 3.2.
There has been technological progress across the country over time. On
average, the amounts of industrial COD and SO2 emissions in a province
are decreasing over time. In the empirical analysis, the fact that connections increase pollution can be interpreted as evidence that they make the
decrease in pollution smaller.
River Quality and Coal-fired Power Production The China National
Environmental Monitoring Center publishes weekly reports on the water
quality at different monitoring points along the main river segments and
their tributaries. Between 2002 and 2010, the number of monitoring stations
went up from 68 to 100. These stations are distributed across 26 provinces.
This data has information on the densities of COD, Ammonia Nitrogen
(NH) and Dissolved Oxygen (DO), the level of pH and a crude grade of
water quality. Ebenstein (2012) uses similar information for 2004 and finds a
positive link between the order of the grade and the digestive cancer death
rate. I focus on the densities of COD to check for consistency with the COD
information from the yearbooks. The yearly average of this variable is my
alternative dependent variable.
As an alternative to reported SO2 data, I also look at the amount of coalfired power production, measured in 104 kilowatt hours. Coal-fired power
is the major source of industrial SO2 . The data source is China Electricity
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TABLE 3.2: S UMMARY S TATISTICS
Mean

S.D.

Min

Max

Obs.

Panel A: Provincial-level Outcomes
Log (COD)a
Log (SO2)a
Log (COD/Real GDP)a,b,h
Log (SO2/Real GDP)a,b,h
Log(Coal Power)e
Log (River COD Density)c

11.73
12.91
4.90
6.08
5.87
1.41

1.12
0.99
1.13
0.88
1.02
0.77

7.98
9.72
0.66
3.12
2.72
-1.61

14.00
14.38
7.41
8.16
8.06
5.43

474
474
474
474
474
783

Panel B: Leader Characteristics
# Connectionsd
Connectionsd
Tenured
Aged
College graduate d
Served in center d
Ruling birth provinced

0.24
0.20
3.19
57.76
0.83
0.35
0.38

0.53
0.40
2.01
4.02
0.38
0.48
0.48

0.00
0.00
1.00
43.00
0.00
0.00
0.00

2.00
1.00
12.00
66.00
1.00
1.00
1.00

474
474
474
474
474
474
474

Panel C: Other Variables
Droughtf
Log (Transfer Share)g

0.16
9.14

0.36
0.69

0.00
7.31

1.00
10.90

440
450

Data Sources:
a. China Environment Yearbooks.
b. Comprehensive Statistical Data for 60 Years of New China.
c. China National Environment Monitoring Center: http://58.68.130.147/.
d. Public Curriculum Vitae.
e. China Electricity Yearbooks.
f. NOAA: http://www.cpc.ncep.noaa.gov/products/globalprecip/html/wpage.cmap.html.
g. China Finance Yearbooks.
h. China Statistical Yearbooks

82

POLLUTION FOR PROMOTION

Yearbooks.
Real GDP To test the prediction that the impact of connections goes
beyond a scale effect, I also look at the ratios of pollutants over production. To measure production, I use real GDP (with 1978 as the base year).
The data is calculated from Comprehensive Statistical Data for 60 Years of New
China for the years between 1993 and 2008 and from China Statistical Yearbook for the years 2009 and 2010.

3.3.2

Connections of Provincial Governors

Corresponding to C in the model, I look at the provincial governors’ connections to the Politburo Standing Committee members.
I focus on provincial governors because they are the officials in charge
of economic activities and the complementarity between connections and
performance is stronger for them, as shown in Table 3.1.21 The promotion
of provincial governors is controlled by the Politburo, a group of about
twenty people who oversee the Communist Party of China. Unlike politburos of other Communist parties, power within the Politburo is centralized in the Politburo Standing Committee (PSC).22 Hence, I mainly exploit
the connections with the PSC members.23 Memberships in the PSC as well
as the Politburo at large are renewed every five years. In the period of interest, the number of PSC members increases from seven to nine.
Anecdotal evidence suggests that connections have a significant effect
on promotion, as the members in the PSC tend to promote people con21
I do not find that the connections of Party Secretaries have positive impacts on pollution. This may be because their major responsibilities include the implementation of the
central government policies and social stability whereas governors’ key duty is to promote
growth. See Tan (2006) for qualitative discussions on the roles of Party Secretaries and Governors. For example, when the Central government decided to crack down on Falun Gong
organizations, “while provincial governors were more concerned about the possible fallout
on the economy, Party Secretaries were more preoccupied with taking the correct political
line and implementing the central decision” (Tan 2006).
22
See Lawrance and Martin (2012) for the organization of the Politburo as well as a general picture of China’s political system.
23
Connections with non-standing members do not have significant impact on promotion.
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nected with themselves. The “Shanghai Clique” and the “League Faction”
are two popular phrases coined for this phenomenon. The “Shanghai Clique”
refers to the politicians who previously worked with the former CPC General secretary, President Jiang Zemin, in his Shanghai administration. Many
of these people were promoted when Jiang became President and head of
the PSC. The “League Faction” refers to the group of politicians who share
work experience with the former CPC General secretary, President Hu Jintao, who held various Youth League positions in his political career.
To formally capture such anecdotal evidence, I use a network dataset
based on the biographical data of provincial governors, party secretaries
and Politburo members between 1993 and 2010. It contains biographical
data on Chinese leaders, including detailed information about their education history and job history. Connections can be defined in different ways:
having been work colleagues, having studied at the same university, or
sharing the province of origin. With respect to each type of connection, the
connection variable Cijt can be defined in two ways: (1) a connectedness
dummy for whether governor j of province i has at least one connection
with a PSC member in year t, i.e., Cijt = I(Cij ∗ PSCjt > 0), where Cij indicates that i and j used to be colleagues and PSCjt indicates that j is a member of PSC in year t; and (2) the number of connections between governor
P
j of province i PSC members at year t, i.e., #Cijt = j I(Cij ∗ PSCjt > 0).
Since the maximum number of connections for a governor in a year is two,
the two variables do not differ dramatically. I use the connected dummy
in the baseline estimations and employ the number of connections as a robustness check.
In the period between 1993 and 2010, the PSC has been reshuffled in
three congress years (1997, 2002 and 2007), which creates variations for
PSCjt and hence for Cijt . Two points regarding the PSC reshuffling are
worth clarifying. First, there is a combination of anticipation and uncertainty about the PSC members. The President and Prime Minister positions
are predictable as these people are usually members of the previous PSC.
There is much more uncertainty about the remaining of the members. For
example, two politicians who were predicted by various media to have the
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highest probability of joining the PSC failed to do so in the recent reshuffling of 2012.24 Despite potential anticipation, this study focuses on the impact of being connected with people in power. Second, since the congress
took place in October or November in year t, the actual reshuffling years
are 1998, 2003 and 2008.
Among my 474 governor-year observations, 356 are never connected, 58
have one or two connections which remains the same throughout the governorship while 60 have variations within a given governor. If I focus on
the connection dummy rather than the number of connections, 47 observations have within-governor variations. Summary statistics of connections
and other characteristics of politicians are presented in panel B of Table 3.2.
Table A.2 in the appendix presents summary statistics of observable characteristics for the three groups of governors. It shows that governors who
are always connected have shorter tenure and are less likely to govern their
home province, suggesting that their appointment may be endogenous. In
contrast, the switchers and those never connected are not very different in
these observables.
My definition of connections provides a detailed characterization of
connections among Chinese top politicians. In particular, the connection
dummy is not only time-variant within provinces but also time-variant
within a group of politicians. This variation provides further information
beyond the definitions of connection in related studies (Shih 2004; Opper
and Brehm 2007; Shih et al. 2012). It allows me to control for politician
fixed effects, which is critical to address the concern of endogenous appointments.

3.3.3

The Case of Electricity Generation

Prediction 2 of the model involves the relative price (p) of clean and dirty
inputs. To bring this prediction to the data, one needs to consider a certain production sector. The electricity-generation sector provides a natural
24

An example of guesses and predictions can be found at http://chineseleaders.org/blog/predictions-and-guesses-for-chinas-5th-generation-politburo-standingcommittee.
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testing ground for two reasons.
First, the electricity market in China is not integrated (see Yang (2006)
for a detailed description of the evolution and Lin and Purra (2012) for the
challenges of the electricity sector). Because electricity is critical for production, it and often becomes a constraint for the growth of provinces since
many industries are in dire need of power, while inter-provincial electricity
trade is limited by regional protectionism (Lin and Purra 2012).
Second, there are mainly two technologies for producing electricity in
China: one is dirty (coal-fired thermal power) and the other is clean (hydro power). Among China’s provinces excluding Tibet, 28 out of 30 use
both technologies (the two exceptions are Tianjin and Shanghai where hydro power is not available). In 2010, coal-fired power accounted for 80.3%
of the total electricity power whereas the hydro power accounted for about
18.4%. Nuclear, wind and other sources together only have a share of 1.3%.
Coal-fired thermal power is a major source of pollution, which accounts for
more than 50% of industrial SO2 emissions. In recent years, the central government has attempted to limit the use of coal-fired power through policies
such as the Two-Control Zones policy.25 It is often reported that the incentive for promoting growth makes the aim of limiting the use of coal-fired
power impossible to realize, especially when droughts occur (Life News
2010). Droughts naturally make the relative price of hydro power higher
and hence, make coal-fired power more attractive.
Droughts Droughts (Dit ) are defined from rainfall data. Provinciallevel rainfall data is aggregated from monthly grid-level information with
ArcGIS, provided by the Climate Prediction Center Merged Analysis of
Precipitation (CMAP) at NOAA, available for 28 provinces between 1993
and 2010. The grid-level information in this database does not cover Beijing and Tianjin. I first sum the twelve months of rainfall to get the yearly
25

The “Two Control Zone” policy refers to the policy entitled “Acid Rain and Sulfur Dioxide Emission Zones”. It was launched by the Central government in 1996, in order to control
SO2 emissions. Since this policy applies to 175 cities/districts in 27 provinces, it is unlikely
to contaminate my results. But it is worthwhile studying the impact of this policy with
city-level or county-level data.
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data for each grid. Then, I use the median of the grid-level data as my measure of provincial-level precipitation. The result is similar if I use the mean
of the grid-level data. My binary drought dummy is set at 1 rather than 0
if and only if when ln (Rainfall) in a given year is less than the provincial
mean between 1993 and 2010 minus one standard deviation.26

3.4
3.4.1

Empirical Strategy and Baseline Results
Empirical Strategy

The connection variable (Cijt ) is defined based on job history (i.e., Cij is
based on historical information) and its variation comes from the reshuffling in the center (i.e., from PSCjt ). This way of defining connections allows me to address different sources of endogeneity. I look at both the number of connections and the dummy of being connected.
The first endogeneity challenge is that governor i might like to build a
connection for his career. This may happen in the real world but is not the
focus of this paper. My definition avoids this concern as connections are
based on historical information.
A second challenge is that connected governors may be appointed to
certain regions, e.g. provinces that can develop relying on cleaner technologies. As I focus on within-governor variation, i is already a governor. Thus,
this concern is relieved.
A remaining challenge is that member j’s entry into the PSC may be affected by i’s performance. This concern is very unlikely in this context because politicians are often rotated in China. In the subsample with withingovernor variation, none of the j entered PSC immediately after i took the
governorship. In other words, after i and j shared a workplace, j either
took a position in another province or in the central government. Later, I
also allow for a dynamic specification to check for this concern.
26

The rainfall data is available since 1979. Droughts can also be defined according to the
mean and standard deviation of data between 1979 and 2010. Using this definition generates similar results to those presented below.
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The main estimation strategy is similar to a differences-in-differences
(DD) strategy, where I compare the impact of connections before and after getting connected, within the same governor. The baseline estimates
always control for province and year fixed effects. These fixed effects control for all time-invariant differences between provinces and time-variant
changes that affect all provinces similarly.
The main specification is as follows:
ln Eijt = µj +β C Cijt +X0ijt γ + αi +λt +εijt ,

(3.16)

where ln Eijt is the log of pollution outcomes under the administration of
governor j in province i and year t. Further, αi and λt indicate province
fixed effects and year fixed effects; Cijt the connectedness dummy indicating whether governor j in province i is connected to a PSC member in
year t; Xijt is a vector of controls including whether the governor has been
in office longer than one term (five years), his age, his education (college
or not), whether he is from the province he governs and whether he has
work experience in the Central government. Naturally, time-invariant governor characteristics are redundant after including governor fixed effects.
All standard errors are clustered at the governor level.

3.4.2

Baseline Results

Testing P1: the Impact of Connections on Pollution In specification (6.4.1),
βC is the parameter of interest. Prediction 1 states that connections increase
pollution, i.e., βC > 0. Now I show the results for different measures of Eijt .
Columns 1-4 in Table 3.3 show the results using ln CODijt as the dependent variable. Columns 1-2 present the results conditional on province and
year fixed effects with and without controls. Columns 3-4 also add governor fixed effects. These results imply that connectedness increases industrial COD by about 12%. After clustering the standard errors at the province
level, the within-province coefficients are not very precisely estimated but
the magnitudes are not far from the within-governor estimates. This suggests that the within-governor estimates are close to the average effect. It
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Connected
Province and Year FE
Governor FE
Controls
# clusters
# observations

(1)
COD
0.114
(0.125)
Y
Y
119
474

(2)
COD
0.129
(0.112)
Y

(3)
COD
0.127∗∗∗
(0.038)
Y
Y
119
474

(4)
COD
0.126∗∗∗
(0.039)
Y
Y
Y
119
474

119
474

(5)
SO2
0.088
(0.072)
Y

Y
119
474

(6)
SO2
0.101
(0.067)
Y

TABLE 3.3: T HE I MPACT OF C ONNECTIONS ON L OG (P OLLUTANT )

119
474

(7)
SO2
0.084
(0.053)
Y
Y
119
474

(8)
SO2
0.084
(0.053)
Y
Y
Y
119
474

Notes: The dependent variable is the logs of COD and SO2 . Controls include whether a politician has been in office longer than one term, his age, his
education, whether he is from the province he governs and whether he has work experience in the Central government. Reported in parentheses are
standard errors clustered at the governor level. * Significant at 10%, ** 5%, *** 1%.
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also suggests that the endogenous appointment of politicians can work in
different ways. On the one hand, connected politicians can be appointed
to fast-growing regions and pollute more. On the other hand, it might be
easier for them to generate growth without relying on dirty industries. In
addition, connected politicians are sometimes appointed to less developed
regions as a test of their ability. These different forces together make it unclear whether within-governor estimates should be larger or smaller than
the within-province estimates.
Similarly, columns 5-8 present the results using ln SOijt as the dependent variable. Compared with those for COD, the coefficients are less precisely estimated in general. However, the messages are very similar: connectedness increases industrial SO2 by about 8% from both within-province
and within-governor estimations.
Testing P2: Droughts, Connections and Coal-fired Power I focus on the
electricity generation sector to test prediction 2 of the model. I do not have
data on regional electricity prices or prices on coal-fire power and hydro
power. Instead, I explore exogenous droughts shocks to the relative price
between hydro power and coal-fire power. Droughts naturally make coalfired power more attractive. Moreover, the model predicts that connections
strengthen the impact of droughts.
To test this prediction, I run a within-governor estimation as follows:
ln CoalPowerijt =µj +βCijt ×Dit +β C Cijt + βD Dit +X0ijt γ
+Dit ×X0ijt ν + +αi +λt +εijt .

(3.17)

The specification is similar to the baseline specification (6.4.1). As in models
studying interactions, I also include the interaction of droughts and controls (Dit ×Xijt ). This is to address the concern that the impact of droughts
might be heterogeneous, contingent on different controls. The results are
presented in Table 3.4.
Column 1 shows the negative impact of rainfall on coal-power use.
Column 2 shows that droughts increase the use of coal power by about
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TABLE 3.4: T HE I MPACT OF D ROUGHT *C ONNECTIONS ON L OG (C OAL -F IRED -P OWER )
(1)

(2)

(3)

(4)

(5)
0.063∗∗
(0.030)

(6)
0.057∗
(0.032)

0.111∗
(0.066)

0.113∗
(0.064)

0.103
(0.063)

0.110∗∗
(0.054)

0.040∗∗
(0.018)

0.030
(0.019)

0.169
(0.301)

Y
Y
Y
Y
111
440

Drought * Connected
Connected
0.038∗∗
(0.019)

Drought
Log (Rainfall)
Province and Year FE
Governor FE
Controls
Drought*Controls
# clusters
# observations

-0.126∗∗
(0.049)
Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

111
440

111
440

111
440

111
440

111
440

Notes: The dependent variable is the log of coal-fired power. Controls include whether a politician has
been in office longer than one term, his age, his education, whether he is from the province he governs
and whether he has work experience in the Central government. Reported in parentheses are standard
errors clustered at the governor level. * Significant at 10%, ** 5%, *** 1%.

4%, which confirms the the definition of droughts is reasonable. Column
3 shows the impact of connectedness and columns 4 presents the results
for drought and connectedness together. Column 5 presents the interaction effect: the interaction of connectedness and droughts increases the coal
power use by about 6%. Columns 6 further includes controls as well as their
interactions with droughts.
These results suggest that connections increase the response of coal-fire
power to droughts from about 4% to about 9%. The mean of provinceyear coal-fired power use is around 55 Twh. Thus, a 9% increase implies
an amount of 150 (55 × 30 × 9%) Twh, which is close to the entire amount
of electricity power produced in Sweden during an average year.
Testing P3: the Impact of Connections on (Pollutants/GDP) The model
predicts that connections do not only increase pollutants but also the ratio
of pollutants and production. To test this prediction, I use the logs of (Pollutants/GDP) as the dependent variable. The specification is the same as in
equation 6.4.1.
The results are presented in Table 3.5. Columns 1-2 show the results for

Y
119
474

119
474

119
474

(3)
COD/GDP
0.095∗∗
(0.038)
Y
Y

(4)
COD/GDP
0.095∗∗
(0.038)
Y
Y
Y
119
474
119
474

(5)
SO2/GDP
0.078
(0.075)
Y
Y
119
474

(6)
SO2/GDP
0.099
(0.068)
Y

119
474

(7)
SO2/GDP
0.052
(0.051)
Y
Y

(8)
SO2/GDP
0.053
(0.050)
Y
Y
Y
119
474

Notes: The dependent variable is the logs of COD/GDP and SO2 /GDP. Controls include whether a politician has been in office longer than one term, his
age, his education, whether he is from the province he governs and whether he has work experience in the Central government. Reported in parentheses
are standard errors clustered at the governor level. * Significant at 10%, ** 5%, *** 1%.

Province and Year FE
Governor FE
Controls
# clusters
# observations

Connected

(2)
COD/GDP
0.127
(0.113)
Y

(1)
COD/GDP
0.105
(0.127)
Y

TABLE 3.5: T HE I MPACT OF C ONNECTIONS ON L OG (P OLLUTANTS /GDP)
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COD/GDP conditional on province and year fixed effects with and without
controls. Columns 3-4 present the within-governor estimates. Once again,
these coefficients are similar but the within-governor estimates are more
precisely estimated. They imply that connectedness increase COD/GDP
by about 9%.
Columns 5-8 present the corresponding results for SO2 /GDP. The effect
on the ratio of industrial SO2 and real GDP is not precise but still positive.

3.5

Robustness Checks

In this section, I show the results from various robustness checks. First, in
addition to the connectedness dummy, I use the number of connections linearly instead of the connectedness dummy. Second, regarding the quality
of pollution data, I use alternative data sources. I use the weekly reported
data from monitoring stations for COD and the amount of coal-fired power
for SO2 . Third, I allow for more dynamic flexible specifications to examine
the impact of gaining a connection. Fourth, I examine the impact of connections on transfers from the center and control for transfers. Finally, I use
robust regressions to deal with concerns about outliers.

3.5.1

Results Using the Number of Connections

The baseline estimations use a dummy to indicate connectedness. Now I
use the number of connections linearly. Before examining its impact on
pollution, I check whether its impact on promotion is consistent with the
complementarity finding using the connectedness dummy. These results
are presented in Table A.1 in the appendix. The results are consistent with
the baseline estimates: there is a robust complementarity. As expected, the
impact of the number of connections is smaller compared with the results
using the connectedness dummy.
Table 3.6 presents the results using the same baseline specifications with
the number of connections. Columns 1-4 show the results for the log of
COD, SO2 , COD/Real GDP and SO2 /Real GDP respectively. Column 5-6
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TABLE 3.6: T HE I MPACT OF O NE M ORE C ONNECTION
(1)
COD

(2)
COD/GDP

(3)
SO2

(4)
SO2/GDP

(5)
CoalPower

(6)
CoalPower
0.058∗
(0.034)

0.040∗∗
(0.019)

0.030
(0.019)

0.083
(0.053)
Y
Y
111
440

0.079
(0.051)
Y
Y
111
440

Drought * # Connect.
Drought
# Connections
Province and Year FE
Governor FE
# clusters
# observations

0.103∗∗∗
(0.030)
Y
Y
119
474

0.077∗∗∗
(0.029)
Y
Y
119
474

0.059
(0.042)
Y
Y
119
474

0.032
(0.039)
Y
Y
119
474

Notes: The dependent variable is the logs of COD/GDP and SO2 /GDP. The variable, “#Connections”,
indicates the number of connections (varied from 0 to 2). Controls include whether a politician has
been in office longer than one term, his age,his education, whether he is from the province he governs
and whether he has work experience in the Central government. Reported in parentheses are standard
errors clustered at the governor level. * Significant at 10%, ** 5%, ***1%.

reports the results on coal power production when droughts occur. Consistent with the finding on promotion, the results are similar to the baseline
estimates but the magnitudes of coefficients are also slightly smaller. For instance, one more connection increases COD and COD/Real GDP by about
10% and 7%, a bit smaller than the impacts of the connectedness dummy
(12% and 9% respectively). Again, the impact of connections on SO2 is not
signficant.

3.5.2

Results from Alternative Data

One may wonder about the reliability of the data on pollutants. Given that
this type of year-on-year change in pollution has not been considered in the
political reward system until very recently, their quality is less of a concern
compared with GDP data. Moreover, the data on COD and SO2 reflect two
different ways of measurement. By using both measures, I get a sense of
how robust the results are. Indeed, I find a stronger and more precisely estimated effect in terms of COD. Further, I find that governors with stronger
career concerns pollute more. If the data had been manipulated, it is unlikely that they would have overreported pollution.
In addition, I use two alternative sources for pollution, namely COD in-
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TABLE 3.7: R ESULTS FROM A LTERNATIVE D ATA

Connected

(1)
River
0.164∗∗∗
(0.052)

(2)
River
0.168∗∗∗
(0.057)

# Connections
Province and Year FE
Station FE
Governor FE
Controls
# clusters
# observations

Y
Y
Y
65
783

Y
Y
Y
Y
65
783

(3)
River

0.094∗
(0.048)
Y
Y
Y
Y
65
783

(4)
Coal Power
0.110∗
(0.063)

(5)
Coal Power
0.112∗
(0.059)

(6)
Coal Power

Y

Y

0.078
(0.050)
Y

Y

Y
Y
119
474

Y
Y
119
474

119
474

Notes: The dependent variable is the logs of COD information from monitoring stations and coal-fired
power. Connected is a dummy for being connected and #Connections indicates the number of connections (varied from 0 to 2). Controls include whether a politician has been in office longer than one term,
his age, his education, whether he is from the province he governs and whether he has work experience in the Central government. Reported in parentheses are standard errors clustered at the governor
level. * Significant at 10%, ** 5%, *** 1%.

formation from the weekly reports on surface water quality and the amount
of coal power use. Table 3.7 presents the results using these alternative
data. Columns 1-3 present the results on the log of COD density information from monitoring stations. They show that connectedness increases
the COD density by about 16% whereas one more connection increases the
COD density by about 9%. These results are conditional station fixed effects
and provide further support for Prediction 1 of the model.
Columns 4-6 present the results on the log of coal-fired power production. They show that connectedness increases coal power production by
about 11% whereas one more connection increases coal power produtcion
by about 8%. Since coal power plants are owned by the government and
the governors can influence their production, this finding can also be taken
as evidence for the policies of govenors.
In both cases, the estimates are close to those using yearbook data, suggesting that the official data does entail useful information on pollution.
There is an emerging literature evaluating the quality of official data. For
example, Chen et al. (2012) examine city-level air pollution index data between 2000 and 2009.27 They find that the air-pollution index contains use27

I do not use this data in the paper as the cities that have information dating back to 2000
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ful information about air pollution but that there is bunching on the count
of blue-sky days. This is because the number of blue-sky days is related to
the award of “environmental protection model cities”. My results are consistent with their finding.

3.5.3

The Dynamic Impacts of Connections

Equation (6.4.1) captures the average effect of gaining connections over
time. A more flexible way of examining the effects is to study how the pollutants evolve in the years before and after the change in Cijt . Among the
observations that have switches within a given governor, the majority of
them gain a connection.28 Hence, I look at the dynamic effects of gaining
one more link by estimating the following regression:
τ =+m
X

ln Eijt = µj +

βτ Cij(t0 +τ ) +X0ijt γ+αi +λt +εijt ,

(3.18)

τ =−n

where t0 presents the transition year and τ flags the years before and after
t0 .
Limited by the data, I cannot estimate a long-horizon dynamics. I use
the transition year as the default period and compare it with the years before getting connected, the first year of gaining connections as well as more
than (or equal to) two years after gaining connections. To have a slightly
larger sample of switchers, the transition year is defined based on the number of connections and the results also hold if it is defined according to the
connectedness dummy.
The results on COD and SO2 are presented in columns 1-4 of Table 3.8.
An impact of connections is seen after getting connected. The magnitudes
are similar to the baseline estimates but less precise.
are mainly capital cities.
28
There are two reasons why the number for losing connections is smaller than that
for gaining connections. First, the number of Politburo Standing Committee Members increased from seven to nine. Second, the number of connections increases over time as the
political system becomes more stable − the younger cohorts are more likely to have experience of local governments at various levels before becoming governors.
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TABLE 3.8: D YNAMIC I MPACTS OF C ONNECTIONS
(1)
COD
-0.078
(0.072)

(2)
COD
-0.085
(0.077)

(3)
SO2
0.012
(0.039)

(4)
SO2
0.014
(0.040)

(5)
Real GDP
0.006
(0.010)

(6)
Real GDP
0.006
(0.010)

1 year after

0.092∗
(0.055)

0.096∗
(0.056)

0.089
(0.059)

0.087
(0.059)

0.038∗∗∗
(0.010)

0.038∗∗∗
(0.010)

2+ years after

0.137
(0.096)
Y
Y

0.129
(0.098)
Y
Y
Y
119
474

0.151∗
(0.087)
Y
Y

0.154∗
(0.086)
Y
Y
Y
119
474

0.033∗∗
(0.016)
Y
Y

0.034∗∗
(0.016)
Y
Y
Y
119
474

1+ year before

Province and Year FE
Governor FE
Controls
# clusters
# observations

119
474

119
474

119
474

Notes: Reference group is the transition of connections. The transition is defined by the change in the
number of connections. Controls include whether a politician has been in office longer than one term,
his age, his education, whether he is from the province he governs and whether he has work experience
in the Central government. Reported in parentheses are standard errors clustered at the governor level.
* Significant at 10%, ** 5%, *** 1%.

The finding that β−1 is not different from 0 also shows that the anticipation of future appointments PSC members does not play a significant
role. This finding suggests that being in power matters the most for the
incentives. In addition, column 5-6 present for the real GDP and show a
similar dynamic pattern to that for pollutants: the impact of connections
take action after one or more periods.

3.5.4

Controlling for Transfers from the Center

One concern is that the provinces with connected governors might get more
resources from the central government, grow faster, and pollute more. This
interpretation implies that the pollution and GDP growth difference stems
from redistribution.
Given the finding in Section 3.4.2 that connections also increase the ratio
of pollutants and production, the concern about more help from the central
government is not that critical. Even if connected politicians get more transfers from the central government, which increase the scale of the economy,
this cannot explain all of the previous findings.
However, it might be interesting in itself to check for the link between
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TABLE 3.9: C ONTROLLING FOR T RANSFERS

# Connection

(1)
Transfer Share
0.070
(0.046)

Connections

(2)
Transfer Share

Y
Y

Y
Y

114
450

114
450

(4)
COD

(5)
SO2
0.056
(0.042)

0.106∗∗
(0.044)

0.086
(0.075)

Transfer Share
Province and Year FE
Governor FE
Controls
# clusters
# observations

(3)
COD
0.087∗∗
(0.035)

0.237
(0.157)
Y
Y
Y
114
450

0.240
(0.157)
Y
Y
Y
114
450

(6)
SO2

0.081
(0.053)
0.032
(0.087)
Y
Y
Y
114
450

0.033
(0.087)
Y
Y
Y
114
450

Notes: Transfer Share indicates the share of transfers over revenues generated by a province in a year.
Connected is a dummy for being connected and #Connections indicates the number of connections
(varied from 0 to 2). Controls include whether a politician has been in office longer than one term, his
age, his education, whether he is from the province he governs and whether he has work experience in
the Central government. Reported in parentheses are standard errors clustered at the governor level. *
Significant at 10%, ** 5%, *** 1%.

connections and favors and examine whether connections still are still of
importance once transfers from the central government is controlled for.
This is feasible, given the information on the fiscal budget of provincial
governments. The majority of transfers from the center is known as tax refunds: refunds proportional to fiscal revenues generated by a province. To
measure favors from the center, I use the share of transfers over fiscal revenues. This data is from China Finance Yearbooks and is available between
1994 and 2010. Columns 1-2 in Table 3.9 show that the correlations between
connections and the log of the share of transfers are positive but not significant. Still, I control for them as a robustness check. Columns 3-6 show
the results after controlling for transfers, which are close to the baseline
estimates.

3.5.5

Results from Robust Regression

One limitation of my study is that the sample size is not large and hence,
outliers might play an important role in the estimates. To deal with this concern, I employ a robust regression method, namely iteratively reweighted
least squares (IRLS). IRLS assigns a weight to each observation with higher
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Connected
# Connections
Province and Year FE
Governor FE
# observations

(1)
COD
0.081∗∗
(0.034)

Y
Y
472

Y
Y
469

(3)
COD/GDP
0.063∗
(0.037)

(4)
COD/GDP

0.052∗
(0.027)
Y
Y
468

Y
Y
469

(5)
SO2
0.015
(0.017)

TABLE 3.10: R ESULTS FROM R OBUST R EGRESSION
(2)
COD

0.072∗∗∗
(0.025)
Y
Y
469

(6)
SO2

0.032∗∗∗
(0.012)
Y
Y
470

(7)
SO2/GDP
0.002
(0.017)

Y
Y
469

(8)
SO2/GDP

0.012
(0.012)
Y
Y
467

Notes: The results are from robust regression (implemented in Stata using rreg in ). Connected is a dummy for being connected and #Connections indicates
the number of connections (varied from 0 to 2). * Significant at 10%, ** 5%, ***1%.
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weights given to better behaved observations. Although the IRLS estimates
may be different from OLS estimates, they provide robustness checks for
outliers. If the impacts found using OLS die out with IRLS, this suggests
that some observations are very influential for the findings.
Table 3.10 presents the results from IRLS regressions for both the connectedness dummy and the number of connections. The magnitudes of coefficients are slightly smaller than the baseline estimates but the main conclusions regarding COD are robust. Again, the impacts related to SO2 are
not significant.

3.6

Discussion of Mechanisms

Career Concerns vs. Protection The main findings suggest that connections are of importance for the outcomes of pollution because they affect the
likelihood of promotion and hence politicians’ behavior. I interpret connections as an accelerator. However, in the real world, connections might also
capture other dimensions. A different interpretation related to the mechanism of career concerns is that connections work as protection. For example, the promotion probability of connected politicians may be less likely to
decrease even if they pollute more. In the theoretical framework, this implies that connections decrease the costs of pollution rather than increase
the returns from output. In the real world, pollution might lead to political
costs when it leads to extreme accidents. However, when it comes to yearly
emissions, the impact on promotion is unclear. As already shown in Table
3.1, the interaction of connection and pollutant growth does not affect promotion. In contrast, the interaction of GDP growth and connections has a
significantly positive impact on promotion. These results suggest that the
protection mechanism is less important than the accelerator mechanism.
Career Concerns vs. Favoritism

Both protection and acceleration can be

taken as career concerns. Favoritism is very different from career concerns.
As shown in Table 3.9, transfers from the center cannot explain my finding.
It can still be argued that some favors are difficult to observe and mea-
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Connected*Old

(7)
SO2/GDP
-0.090
(0.104)

TABLE 3.11: A GE E FFECTS
(5)
SO2
-0.050
(0.103)

0.137
(0.100)

(6)
SO2

(3)
COD/GDP
-0.362∗∗
(0.182)

0.120
(0.098)

(4)
COD/GDP

(1)
COD
-0.323∗
(0.181)
0.289∗
(0.171)

(2)
COD

0.272
(0.169)

(8)
SO2/GDP

-0.070
(0.085)

Connected

-0.035
(0.084)

-0.064
(0.058)
Y
Y
119
474

-0.299∗∗
(0.149)

-0.070
(0.059)
Y
Y
119
474

-0.263∗
(0.148)

-0.067
(0.059)
Y
Y
119
474

# Connections*Old

-0.073
(0.060)
Y
Y
119
474

0.116
(0.076)
-0.097
(0.096)
Y
Y
119
474

0.102
(0.075)
-0.107
(0.098)
Y
Y
119
474

0.231∗
(0.135)

-0.100
(0.097)
Y
Y
119
474

0.218
(0.133)
-0.110
(0.099)
Y
Y
119
474

# Connections
Old
Province and Year FE
Controls
# clusters
# observations

Notes:Connected is a dummy for being connected and #Connections indicate the number of connections (varied from 0 to 2). Controls include whether a
politician has been in office longer than one term, his age, his education, whether he is from the province he governs and whether he has work experience
in the Central government. Reported in parentheses are standard errors clustered at the governor level. * Significant at 10%, ** 5%, *** 1%.
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sure. For example, it might be easier for a connected governor to construct
heavily polluting factories when permissions from the central government
are needed. Even in this case, pollution is induced by the demand for factories. Typically, governors have the decision power on what factories to
construct. Moreover, it is also difficult for the favor hypothesis to explain
my findings on the impact of droughts as well as the interaction of droughts
and connections.
Another indirect way to say that transfers cannot explain all findings
is to examine whether the effect of connections on pollution is smaller for
older cohorts of politicians who have weaker career concerns than younger
cohorts. Older is a dummy indicating whether a politician is above the median age (58-years-old, which is also the mean age). The results are presented in Table 3.11. They show that the effect of connections on COD is
indeed lower for the older cohort. The interaction effect of connections and
the older dummy on SO2 is also negative but not significant.
The bottom line of these findings is that connections can affect the incentives of politicians and this effect can be intertwined with favors because
incentives affect the demand for favors.

3.7

Conclusions

This study adds a study of China to the literature on the political economy
of the environment. The political roots of China’s pollution have been well
recognized by the mass media. I formalize the political logic with a simple model that highlights the link between politicians’ career concerns and
pollution outcomes and test the key predictions.
Two main challenges for this study are identification and data quality.
For the challenge of identification, I exploit within-individual variation in
political connections. Different from the favor-related channel of political
connections stressed in many existing studies, the results in this paper are
consistent with the interpretation that connections affect the policy choices
of politicians. For the challenge of data quality, which is general to any
study on contemporary China, I test the predictions of the model using var-
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ious sources of data: biographies of politicians, provincial-level outcomes
from yearbooks, river quality from physical measurements and weather
data from US weather service.
Different sources of data suggest that the incentive scheme of politicians
in China is a double-edged sword: heavily-incentivized politicians would
like to promote growth but growth has its social costs such as pollution. The
key to avoid choking on growth requires a broader reform of the political
incentive system.
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3.A

Appendix

Y

119
474

Y

135
493

128
490

128
490

Y

0.026∗
(0.015)

0.027∗
(0.015)

Y

0.172
(0.489)

(6)
Sec.
1.413∗∗
(0.696)

0.523
(0.430)

(5)
Gov.

Y
Y
Y
128
490

0.017
(0.015)

9.382∗
(5.391)

(7)
Sec.
1.253∗
(0.677)

0.032
(0.023)
Y
Y
Y
112
452

-0.004
(0.040)

0.019
(0.015)

(8)
Sec.

Notes: Promotion for a governor is a dummy indicating that a governor becomes a secretary or a minister and promotion for a secretary is a dummy
indicating that a secretary becomes a Politburo member. The results are robust to using more general definitions of promotion. Growth measures the
average of annual real growth since assuming office. Controls include whether the governor has been in office longer than one term, his age, his education,
whether he is from the province he governs and whether he has work experience in the Central government.
Reported in parentheses are standard errors clustered at the politician level. * Significant at 10%, ** 5%, *** 1%.

Province and Year FE
Controls
Controls*Growth
# clusters
# observations

Y
Y
Y
119
474

0.011
(0.028)

0.001
(0.050)
Y
Y
Y
104
442

0.018
(0.031)

(4)
Gov.

Demeaned COD Growth

0.028
(0.026)

0.526
(8.535)

(3)
Gov.
2.370∗∗
(1.147)

-0.046
(0.047)

0.051
(0.033)

# Connections

0.564
(0.566)

(2)
Gov.
2.441∗∗
(1.169)

(D EPENDENT VARIABLE : P ROMOTION )

# Connections*De. COD Growth

0.610
(0.689)

Demeaned Growth

# Connections*Demeaned Growth

(1)
Gov.
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TABLE A.2: C OMPARISON OF G OVERNORS
Tenure
Age
Ruling birth province
Served in center
College graduate
Observations

Never Connected
3.188
(2.072)
57.927
(3.813)
0.404
(0.491)
0.320
(0.467)
0.834
(0.372)
356

Always Connected
2.859
(1.552)
56.521
(4.269)
0.183
(0.390)
0.437
(0.499)
0.775
(0.421)
71

Switchers
3.723
(2.072)
58.383
(4.857)
0.447
(0.503)
0.404
(0.496)
0.872
(0.337)
47

Notes: The table presents differences in characteristics between three groups of governors: those never
connected, always connected and the switchers. They show that those always connected have shorter
tenure and are less likely to govern their home province. The differences between switchers and those
never connected are not that large in these dimensions.

Chapter 4

Decentralization, Collusion
and Coalmine Deaths∗
4.1

Introduction

Health and safety in the workplace are essential issues in both developing and developed countries. In the real world, many examples suggest
that collusion between regulators and regulated firms plays a first-order
role in workplace safety problems. For instance, the explosion at the Upper
Big Branch mine in southern West Virginia in 2010 is found to be due to
collusion between regulators and coal companies.1 In academic research,
economists have provided fruitful theories to understand collusion, especially on how decentralization of regulatory authority may affect collusion
∗
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1
See the report by Barry Grey, “Miners Doomed by Collusion between Regulators
and Coal Companies”, available at http://www.wsws.org/en/articles/2010/04/minea10.html
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in organizations. However, there is little empirical evidence on collusion
and the theoretical link between decentralization and collusion has thus
not been established empirically. In this paper, we use data on the coalmine
industry and safety regulation in China to study how collusion between
regulators and firms affects coalmine deaths. The findings on this particular sector may shed light on broader issues of general workplace safety.
In addition, we investigate how decentralization of authority affects collusion, providing empirical evidence on the link between decentralization
and collusion.
We focus on China’s coalmine industry for two reasons. This industry is
important for understanding the weak occupational health and safety protection in China’s rapid industrialization process. Coal constitutes about
70% of the total energy consumption in China. In 2007, China produced
41.1% and United States produced 18.7% of all coal in the world. At least
3,598 people died in coalmine accidents in China, compared to 34 in the
United States. In fact, the death rate (per million tons of coal output) in
China is not only much higher than that of developed countries such as the
US, Japan and Germany but also more than ten times higher than that of
many other developing economies such as India and African countries. As
mentioned in Wright (2004), the head of China’s safety bureaucracy admitted in 2001 that China’s coalmine death rate was 11 times higher than that
in Russia, and 15 times higher than that in India.
The second reason is that the coalmine sector in China provides a testing ground for the role of collusion as well as the link between decentralization and collusion in theory. Collusion between regulators and coalmine
firms is so paramount that China’s mass media has even coined a phrase
for this phenomenon: “guan-mei goujie” (literally meaning “official-coal
collusion”). Moreover, a unique decentralization experiment took place in
the key state coalmines: in March 1998, the management of all 94 key state
coalmines was delegated to the provincial government and this made collusion possible, or at least much easier. This decentralization experiment
lasted until February 2001, when the State Administration of Coalmine
Safety was established and coalmine safety supervision was recentralized.
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Hence, we have two centralization periods (1995-1997 and 2001-2005) and
one decentralization period (1998-2000, when collusion became more feasible). Since the decentralization and recentralization decisions are national
policies, they are not correlated with individual province characteristics.
To guide our empirical analysis, we formalize the collusion logic in a
simple model, where local safety regulators allow firms to choose dangerous but high-payoff technologies when collusion between regulators and
firms is feasible. The model has two main predictions. First, decentralization leads to a higher likelihood of collusion and hence, higher death rates.
Second, the impact of decentralization is larger when the transaction costs
of collusion are lower. The model also generates a few auxiliary predictions
such as a deterrent effect of media exposure.
To test the prediction that decentralization leads to higher death rates,
we collect provincial-level panel data on key state coalmines from 1995 to
2005 and find that death rates under decentralization increased by about 0.7
deaths per million tons of coal production, which is about 25% of the mean
of death rates. A competing hypothesis is that death rate is an increasing
function of production, and hence, decentralization leads to higher death
rates just because it is correlated with higher levels of production. When
we include the production level in the estimation, we do not find this to be
the case.
To test the prediction that the impact of decentralization on death rates
is larger when the transaction costs of collusion are lower, we proxy transaction costs by exploring the local of origin information on all 61 provincial safety regulators between 1995 and 2005.2 The safety regulator in a
province is the vice governor responsible for industrial-production safety
including coalmine safety. We focus on safety regulators rather than main
governors because these regulators are directly in charge of coal production permits.3 Assuming that a native of the province has lower transaction
2

The dominant networks in China are locality of origin, kinship, and job-related colleagues (Guo 2001, Luo 2007). We do not have kinship information. As most of the safety
governors built the careers within the province, the main variation is the origin of locality.
3
We control for characteristics of main governors in our estimations.
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costs of collusion, we find three more deaths per million tons of coal production in provinces with native safety regulators under decentralization,
close to the mean of death rates.
Although the decentralization decision is a national policy and exogenous to individual provinces, there might still be a concern that native
safety regulators are appointed to provinces with higher death rates. This
concern is relieved as we explore within-regulator variation. This is feasible because 31 of the 61 safety regulators experience both the decentralized
period and at least one centralized period. Within-regulator estimates are
very close to the within-province estimates, which suggests that endogenous appointment in response to decentralization is not a serious concern.
We conduct different robustness checks regarding the main result. For example, we also examine the impacts on deaths and coal production separately. We find that decentralization and having a native safety regulator
also increase coal output. However, the impact on deaths is over eight times
the impact on coal output.
The role of native safety regulators is similar to trust based on informal
contract enforcement in social networks (Karlan et al., 2009). In our context,
since collusion is illegal, trust is essential in the agreement of collusion. For
example, Li and Wu (2010) provide qualitative evidence on the transactions between bribers and bribees in China and the Philippines. They show
that personal networks play an important role in facilitating corruption,
especially in a relation-based governance system such as the Chinese one.
Hence, having a native safety regulator naturally decreases the collusion
cost. All our findings also deliver the same message that both decentralization and having a native regulator decrease the collusion costs and hence
increase deaths. We also discuss alternative explanations. For example, decentralization may affect information availability and being native may imply different preferences. It is worthwhile stressing that our finding holds
for a given regulator.
In addition to our main findings, we find a larger number of newspapers is associated with lower death rates, suggesting that the median can
act as an important deterrent on death rates. Little is known about the me-
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dia’s role in China where most media are owned and operated by the government. As we do not have exogeous variation in media exposure, our
finding is only suggestive but does support the logic in Egorov, Guriev and
Sonin (2009) that dictators may employ media to monitor bureaucrats.
Our study contributes to several lines of literature. First, it provides
some empirical evidence for theories in the organizational literature that
have focused on the costs and benefits of decentralization/delegation. Delegation theory has been widely applied to the organizational forms of governments, especially to the trade-off between decentralization and centralization. The logic of delegation and collusion has received a great deal of
attention in the theoretical literature (Tirole 1986; Kofman and Lawarree
1993; Baliga and Sjostrom 1998; Laffont and Martimort 1998; Mookherjee
and Tsumagari 2004; Mookherjee 2006). As decentralization is often endogenous and collusion is often covert, there is little clean evidence. We
explore a national decentralization policy and further exploit the effect of
decentralization, contingent on the characteristics of supervisors.
Second, our study relates to a large empirical literature on the impact
of decentralization. Much of the existing empirical evidence has stressed
the virtues of decentralization in terms of economic performance and government accountability (see Bardhan and Mookherjee (2006) for a survey of
existing research along this line).4 Within the context of China, fiscal decentralization since 1994 is often seen as one of the driving forces of China’s
growth miracle (Jin et al. 2005; Lin and Liu 2000), despite sometimes opposite findings (Zhang and Zou 1998). A possible reason for the more positive
findings in existing empirical studies is that the cost side is often less visible than economic growth rates and expenditure on public goods. We focus
on coalmine safety as it is one of the most visible health and safety problems. Our findings on the downside of decentralization share some flavor
with the findings on regional protectionism in Young (2000), who argues
that increased autonomy and incentives induced local governments to en4

Enikolopov and Zhuravskaya (2007) argue that the impact of decentralization depends
on political institutions using cross-country data. Our finding is based on within-country
data and suggests that the impact of decentralization may depend on sectors.
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gage in provincial protectionism. Our finding of bad outcomes due to the
combination of decentralization and collusion reminds us of the views in
Blanchard and Shleifer (2001), who argue that political centralization and
economic decentralization together reduce the risk of local capture.
Third, our study contributes to the literature evaluating political connections. This body of work has documented the benefits captured by agents
with strong political connections (Fisman 2001; Faccio 2006).5 Arguably,
such personal benefits are captured at the cost of public interest. Our study
provides new evidence on the cost of political connections. The closest
study to ours is Fisman and Wang (2013). They document that politically
connected firms in China have higher mortality using firm-level data from
different industries for four years. In contrast to their study, we focus on
the characteristics of regulators rather than firms. Moreover, we explore
switches of decentralization, which helps our identification and also speaks
directly to the effect of decentralization. The time period in this paper is
also longer, but we only focus on one particular industry.
Fourth, our study is related to a specific literature explaining coalmine
accidents in China. Alternative hypotheses about the underlying causes of
coalmine deaths include insufficient safety input (Tang and Guo 2006), lack
of safety education (Asian Development Bank 2007), and insecure property
rights (Tan and Tang 2004).6 We discuss why these alternative hypotheses
cannot explain our findings.
Although we focus on the specific example of coalmine deaths, our
explanation may extend to other “public bads” such as ecology destruction and environmental pollution. Our study is consistent with the current dilemma of China: dramatic growth but overwhelming problems with
workplace safety and the environment. Moreover, our study is the first at5

A recent literature investigates the impact of political connections in China measured
by different ways such as connections with the Center in Shih, Adolph and Liu (2012) and
whether a leader advanced his career in a region in Persson and Zhuravskaya (2012). Different from the strategies in these papers, we exploit within-individual variation in this paper,
which helps relieve the concern of endogenous appointments.
6
Nie and Jiang (2011) suggest that possible collusion between local governments and
coalmines is one of the reasons for coalmine accidents, but the finding is based on very
rough correlations.
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tempt to combine theory and empirical evidence on high coalmine death
rates in China. To explore institutional change in our identification, we only
focus on key state coalmines, which are usually large mines. But our perspective also sheds possible light on the death rates in smaller coalmines.
For example, Wright (2008) mentions that township and village coalmines
are closely related to local governments in a nexus of “local state corporatism”(Oi 1999). Given the anecdotal evidence such as the coalmine disaster in west Virginia, the collusion logic documented in this paper may also
be relevant for countries beyond China. However, the relevant characteristics of local regulators naturally depend on the specific context.
The paper is organized as follows. Section 4.2 describes the centralizationdecentralization background and provides a conceptual framework to guide
the empirical analysis. Section 4.3 describes the data and Section 4.4 presents
the main estimation results. Section 4.5 provides robustness checks. Section
4.6 discusses alternative explanations, while Section 4.7 concludes the paper.

4.2

Background and Conceptual Framework

In this section, we formulate a simple conceptual framework to guide the
empirical analysis to follow. Since the main purpose is not to provide a
general model of decentralization and collusion but to deliver testable empirical predictions in this context, we describe the institutional background
before presenting the conceptual framework.

4.2.1

Decentralization of Key State Coalmines

According to their ownership, Chinese coalmines can be divided into three
types: key state coalmines, local state coalmines and township and village
coalmines. In 2003, about 90 key state coalmine firms produced 47.8% of
the total coal extracted in China whereas local state coalmines produced
16.9% and township and village coalmines produced 35.3% (The State Administration of Coal Mine Safety 2004).
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We focus on the management of key state coalmines because the na-

tional policy changes we exploit concerned their management and safety
supervision. Before 1998, all key state coalmines were overseen by the Ministry of Coal Industry in the Central government. Due to many policy burdens for state-owned enterprises and the competition of small coalmines,
the profits of the key state mines were negative in the 1990s. To provide
more incentives for profitability, the management of the key state mines
was shifted to provincial governments, through a delegation decision at
China’s Ninth National People’s Congress in March 1998 (The State Council 1998). This delegation also involved 206 enterprises affiliated with the
coalmines, assets of 237.9 billion yuan ($30 billion) and 4.35 million employees. After delegation, the taxes from the key state mines were handed
over to the provincial government and the profits were left to the coalmines.
In contrast, before delegation, the profits were handed over to the central government. Meanwhile, the powers of safety supervision were also
shifted to the provincial governments. This decentralization period lasted
until February 2001, when the State Administration of Coal Mine Safety
(SACMS) was established and re-centralized the safety supervision powers. However, the management power remains in the hands of the provincial governments. The centralization was further increased in 2003, when
SACMS became part of the general offices of the State Council.
Hence, we take the period between 1998 and 2000 as the decentralized
(treatment) period when collusion became possible, or at least much easier,
whereas 1995-1997 and 2001-2005 are centralized comparison periods.

4.2.2

Conceptual Framework

Preferences Similar to the three-tier principal-supervisor-agent (PSA) framework in Tirole (1986), there are three players: the Central government (C) is
the principal, the safety regulator (S) serves as the supervisor, and the Firm
(F ) is the agent.
C cares about output (y) and safety, i.e., dislikes deaths D. S cares about
his own payoff that includes his wages (w) and potential transfers from the
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Firm (T S ). F cares about its own profits.
Technology The technology choices broadly refer to coal production and
safety monitoring, e.g., short-run decisions by firms of where to mine, how
many hours to work and how closely to monitor mining safety.7 To produce y units of coal, F can use a good technology or a bad technology. The
good way costs 12 cy 2 and avoids any accident. The bad way costs 21 cy 2 and
accidents happen with probability p.8 Parameters c and c are known to F
and S but cannot be observed by C. To employ a bad technology, F needs
to bribe S to get permission. In the real world, besides coalmine accidents,
a bad technology often has other externalities such as environmental pollution, which are not easy to observe and verify. Hence, F and S do not
take these externalities into consideration. For simplicity, we assume that
F cannot bribe C to get permission.9 Under this assumption, F cannot use
the bad technology in centralization but has the possibility of using it in decentralization. This assumption can be relaxed by assuming that it is very
costly to reach C for collusion.
To use the cheap and bad technology, F and S can collude by signing
a contract10 . In collusion, F pays S a share of the difference in production
costs T F . However, they face some transaction costs to agree with this arrangement. For simplicity, we assume that S can get part of the transfer
T S = tT F where t ∈ (0, 1) and (1 − t)T F indicates the transaction costs of
7
In the real world, most coalmine accidents occur because of these short-run decisions.
For instance, one of the most common types of mining accidents in China is gas explosion.
Some coalmine managers disregard monitoring for the sake of production. After the death
of 32 miners in a gas explosion in Henan Province on October 18, 2010, it was revealed that
gas emissions had exceeded the standard 22 hours prior to the disaster but this warning was
disregarded by the mine management. Similarly, 108 miners died of gas explosion in Heilongjiang Province on November 21, 2010 because the managers decided to mine at places
that did not have a qualified gas drainage system. Because short-run decisions of firms are
essential in affecting coalmine safety, centralization or decentralization of management and
supervision may play an important role.
8
This assumption can be thought of more generally as the accident probability higher
when the bad technology is employed.
9
This assumption can be relaxed by assuming that it is more difficult for F to bribe C.
10
In collusion, F chooses c. Note that we assume away the case that F chooses c and there
is no collusion. This is because the information is symmetric between F and S.
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collusion.
In this context, the wage of S does not vary with decentralization but is
constant at w. When an accident happens and is detected, S loses his wage
w. The probability of being punished is mp, where m denotes the detection
probability, which is positively correlated with media exposure.
Solution Given Centralization/Decentralization We first solve for the
solution under centralization and decentralization and derive the empirical predictions.
Under centralization, F uses the good technology. His problem is as
follows:
1
max y − cy 2 .
y
2
where the price of coal is normalized to 1. Thus, y C = 1c , π C =

(4.1)
1
2c .

Under decentralization, if F uses the good technology, the solution is
the same as above: y Dg = 1c , π Dg =

1
2c . Instead, if it uses the bad technology,

its problem becomes as follows:
1
max y − cy 2 − T F ,
y
2

(4.2)

subject to the participation constraint of S:
tT F ≥ mpw.
Thus, y Db = 1c , π Db =

1
2c

−

(4.3)

mpw
t .

Comparing the two profits gives the condition when F would like to
propose a collusion contract with S, namely,
1 1
2mpw
− ≥
.
c
c
t

(4.4)

Empirical Predictions This simple framework generates the main hypothesis regarding decentralization-collusion:
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(i) Collusion is more likely to happen under decentralization and hence
death rates are higher in decentralization.
In the current framework, this prediction follows automatically because
collusion is not feasible under centralization. More generally, we can think
about the cost of colluding with the central government as being much
higher than colluding with local regulators, i.e., the transfer to bribe the
regulator in the center is much larger than

2mpw
t .

This can be because the

central government is more difficult to reach or because the central government cares more about safety. We also have a second prediction:
(ii) Under decentralization, collusion is more likely for higher t and thus
death rates are higher for higher t.
This can be seen from equation (4.4), as the right-hand side is decreasing
in t.
To test (i) empirically, we examine the impact of decentralization on
death rates. To test (ii), we explore characteristics of S as a source of variation in t and examine the interaction effect of decentralization and t. In
particular, we compare native safety regulators with nonnative ones and
argue that a common background and a long period of interaction facilitates trust-based collusion.
This framework also delivers auxiliary predictions. For example, collusion is less likely for higher m and this effect is more relevant under decentralization. Because the measure of media exposure we use is likely to be
endogenous, we present these results as additional evidence.
Understanding the Choice of Decentralization This simple framework
can also help us rationalize the decisions of the center whether to decentralize or centralize.
It is straightforward to see the condition when decentralization is better
for the Central government:
1 1
− ≥ λD,
c
c

(4.5)
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where λ is the weight on the cost of deaths relative to the benefit of output.
When

1
c

−

1
c

≥ max{λD, 2mpw
t }, it is optimal for the Central government to

allow for decentralization and collusion. The cost of deaths can be taken as
an increasing and convex function of the number of deaths.
Related to the institutional background discussion, the decision of decentralization in 1998 implies that the condition in equation (4.5) was set
at holding at that time. The decision of recentralization in 2001 can be interpreted as evidence that this condition does not hold anymore when λD
increases dramatically. We allow for this concern in our empirical tests.

4.3

Data

We collect a panel data set on key state coalmines, safety regulators, as well
as provincial characteristics for 22 provinces across China between 1995
and 2005. As already explained, we focus on key state coalmines because
they were subject to the decentralization and centralization policies. Figure
4.1 maps the distribution of key coalmines across China in terms of production. Among China’s remaining provinces, Tianjin, Shanghai, Hainan and
Tibet do not produce any coal at all, while there are no key state coalmines
in Fujian, Hubei, Gungdong, Guangxi and Qinghai.
Death Rates and Number of Deaths Our main dependent variable is
death rates, measured by number of deaths per million tons of coal production. Number of deaths and the yearly production of key state coalmines
come from China Coal Industry Yearbook and China Statistical Yearbook.
As shown in Table 4.1, the mean of death rates is about 2.38 people per million tons of production in the whole period. In contrast, the mean is about
2.21 in the centralization periods but 2.84 in the decentralization period. As
alternative measures of safety, we also use the log of number of deaths as
an alternative dependent variable.
We have two comments on the quality of the data. First, the death rate
of key state coalmines is believed to be more reliable than that of smaller
coalmines. This is another reason why we focus on key state coalmines. Sec-
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F IGURE 4.1: AVERAGE P RODUCTION

OF

K EY S TATE C OALMINES

BETWEEN

1995

AND

2005

Notes: The production level is measured in millions tons. 22 out of 31 provinces in China have key state
coalmines, which are the provinces in our sample.

ond, suppose the provincial governments have incentives to under-report
deaths. They would have better ability of under-reporting in the decentralized period, which would again bias our findings in the opposite direction
from the predictions of our model.
Transaction Costs of Collusion We gauge the transaction costs of collusion by examining the biographical information of the safety regulators.
Every province has one main governor and four to six vice governors. The
TABLE 4.1: S UMMARY S TATISTICS
Death Rate
Decentralized
Native

mean
2.38
0.28
0.42

sd
3.17
0.45
0.50

min
0
0
0

max
27.70
1.00
1.00

# observations
234
234
234

Tenure
Age
log (Coalmine Wage)
log (GDP per capita)
log (Production)
log (Distance to Beijing)
Native Main Governor

3.65
52.53
9.15
8.82
7.34
6.48
0.42

2.33
4.69
0.43
0.57
1.24
1.55
0.49

1
36
8
8
4
0
0

10.00
61.00
10.16
10.72
10.15
7.80
1.00

234
234
234
234
234
234
234

Notes: This table presents summary statistics.
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safety regulator is one of the vice governors and has a tenure of at most 10
years. Besides coalmine safety, the vice governor is also in charge of safety
in other industries such as construction-site safety and road-traffic safety.
We trace the careers of all the 61 safety regulators across 22 provinces between 1995 and 2005. These data come from yearly provincial government
reports and CVs found on People’s Daily online. The average length in office is very close for native governors and non-native governors, around
four years.
We proxy the transaction costs of collusion by whether the governor
in charge of coalmine safety is a native, i.e., born in the same province as
the one he supervises. Since all of the governors work some years before
coming to office, being native naturally implies a longer experience in a
certain province. As shown in Table 4.1, about 40% of the safety regulators
are native.
Figure 4.2 shows the number of provinces that switched from a nonnative safety regulator to a native safety regulator and vice versa by year.
As it shows, there is no systematic correlation between the switches and
decentralization. This is expected, because regulators are often switched
along with great political reshuffling that takes place every five years (in
pace with each Party congress) rather than a national policy of decentralization. Moreover, as we will explore within-regulator variation for identification later by examining the interaction effect of decentralization and nativeness, the concern that the characteristics of regulators are endogenous
are relieved.
Figure 4.3 plots the death rate over time by whether the governor in
charge of coalmine safety is a native. This figure serves as a motivational
picture. Clearly, the death rate jumped dramatically between 1998 and 2000,
especially for the provinces with native safety regulators. However, the figure should be interpreted with caution. There are compositional changes
in the two groups, as very few provinces always have native or non-native
safety regulators.
We realize that this measure might also capture something else besides
the possibility of collusion. For example, a native might care more about
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F IGURE 4.2: S WITCHES OF THE S AFETY REGULATORS BETWEEN 1995 AND 2005

Notes: The figure shows that the number of provinces that switched from a non-native governor to a
native governor and vice versa by year, which has no systematic correlation with the decentralization
period (1998-2000).

safety of the local people as well as make it easier to under-report death
numbers. We briefly discuss these issues after presenting the main results.
In general, these concerns would bias our findings in the opposite direction
from that of our main hypotheses.

Control Variables

We also control for the characteristics of coalmines,

other characteristics of the governors and other provincial characteristics
as well as their interactions with decentralization.
Data on coalmines includes the production level and average yearly
wages of the coalmine industry. The average yearly wage is a proxy for
labor quality. These data also come from China Coal Industry Yearbook
and China Statistical Yearbook, with summary statistics presented in Table
4.1.
Other characteristics of the safety regulators include their age and how
many years they have been in office. We use these variables to control for
the career concerns and experience of the governors. Like the proxies for
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F IGURE 4.3: AVERAGE C OALMINE D EATH R ATES BETWEEN 1995 AND 2005

Notes: The figure is drawn from the raw data and should be interpreted with caution, because there are
compositional changes. Very few provinces always have native or non-native safety regulators.

transaction costs of collusion, these data come from yearly provincial government reports, with summary statistics presented in Table 4.1.
Provincial characteristics include real GDP per capita, whether the main
provincial governor is a native, and the distance of the provincial capital to
Beijing. GDP per capita comes from China Statistical Yearbook. The biographical information of the main governors is from yearly provincial government reports. The distance of the provincial capital to Beijing is calculated with ArcGIS and works as a proxy for the supervision intensity by the
Central government. In practice, we use log(1+distance to Beijing) to take
account of the 0 observation for Beijing. The summary statistics for these
variables are presented in Table 4.1.
Table 4.2 shows the comparisons between native and nonnative safety
regulators in terms of these control variables. The two dimensions that are
significantly different are GDP per capita and the distance to Beijing: on
average, provinces with native regulators are richer and closer to Beijing.
We will control for these characteristics and their interactions with decentralization in our estimations.
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TABLE 4.2: C OMPARISONS OF N ATIVE AND N ON - NATIVE S AFETY R EGULATORS
Non-Native
3.652
(2.233)

Native
3.656
(2.466)

t-value
-0.142

Age

50.087
(4.471)

49.750
(2.505)

0.449

log (Coalmine Ind. Wage)

7.664
(0.398)

7.693
(0.421)

-0.612

log (GDP per capita)

7.006
(0.483)

7.134
(0.456)

-2.209∗∗

log (Coal Production)

7.395
(0.994)

7.149
(1.608)

1.387

log (Distance to Beijing)

6.274
(1.934)

6.788
(0.602)

-2.410∗∗

Native Main Governor

0.377
(0.486)

0.479
(0.502)

-1.472

Tenure

Notes: This table shows the differences in observable characteristics between native and non-native
safety regulators.

4.4

Estimation Strategy and Baseline Results

To test our prediction (i) that decentralization increases death rates, we run
the following specification:
Deathratept = βDt +δ p provp t + λp +εpt ,

(4.6)

where λp denotes province fixed effects. Dt is the decentralization dummy
for the year 1998-2000. In this case, we cannot control for year fixed effects,
as their effects are absorbed by Dt . Further, we do control for provincial
specific trends by including the interaction of provincial dummies and a
linear trend, provp t.
Our hypothesis says that β > 0. The results presented in Table 4.3
are consistent with this prediction. Column 1 shows the results from OLS,
columns 2 and 3 are the results after including province fixed effects, with
and without province-specific trends, and column 4 and 5 also include coal
output or the log of output. The coefficients are stable across different specifications. The magnitude of the decentralization effect is about 0.7 more
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TABLE 4.3: T HE I MPACT OF D ECENTRALIZATION ON D EATH R ATES

Decentralized

(1)
0.638
(0.461)

(2)
0.610
(0.378)

(3)
0.748∗
(0.393)

Production/10000

(4)
0.802∗
(0.412)
0.851
(1.946)

log (Production)
Province FE
Province Dummy*Year
# observations

(5)
0.757∗
(0.418)

Y
234

234

Y
Y
234

Y
Y
234

0.057
(0.886)
Y
Y
234

Notes: Decentralization refers to the years 1998, 1999 and 2000. Controls include whether the regulator
is in office longer than average, whether the regulator is older than average, whether the main governor
is native and the logs of coal production, coalmine industry wages, GDP per capita, distance to Beijing.
* Significant at 10%, ** 5%, *** 1%.

deaths per million tons of coal production, which is about 25% of the mean
death rate in the decentralized period (2.8).
To test prediction (ii) that the impact of decentralization is larger for
native regulators, we explore within-governor variation as 31 out of the 61
regulators experience both decentralization and centralization periods. The
specification is as follows:
Deathratespt =µs + β1 Nspt ∗Dt +β N Nspt +γ 0 Xspt ∗Dt
+υ 0 Xpt +λp +γ t +δ p provp t + εspt ,

(4.7)

where Nspt is a binary indicator whether the safety regulator s is a native
in province p and year t. µs indicates governor fixed effects. This way, we
look at the interaction effect of decentralization and being native within an
office spell of the same regulator.
Note that the Dt dummy is redundant once we have controlled for year
fixed effects γt . Similarly, Nspt is also redundant once µs is controlled for.
Xspt is a vector of controls discussed above including other characteristics
of safety regulators (whether the regulator is in office longer than average
and whether he is older than average)11 as well as different provincial characteristics (the logs of coal production, coalmine industry wages, GDP per
11

The results presented are robust to using these information linearly.
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TABLE 4.4: T HE I MPACT OF D ECENTRALIZATION *N ATIVENESS ON D EATH R ATES
Decentralization*Native
Native
Province and Year FE
Governor FE
Province Dummy*Year
Controls
Decentralized*Controls
# clusters
# observations

(1)
3.105∗
(1.649)

(2)
3.258∗∗∗
(1.187)

(3)
3.517∗∗∗
(1.280)

0.246
(0.416)
Y

0.636
(0.414)
Y

0.044
(0.617)
Y

61
234

Y
Y
61
234

Y
Y
Y
61
234

(4)
3.444
(2.383)

(5)
3.270∗∗
(1.558)

(6)
3.540∗∗∗
(1.169)

Y
Y

Y
Y

61
234

Y
Y
61
234

Y
Y
Y
Y
Y
61
234

Notes: Controls include whether the regulator is in office longer than average, whether the regulator
is older than average, whether the main governor is native and the logs of coal production, coalmine
industry wages, GDP per capita, distance to Beijing.
Reported in parentheses are standard errors clustered at the regulator level. * Significant at 10%, ** 5%,
*** 1%.

capita, distance to Beijing and whether the main governor is native). To be
cautious about autocorrelation, we cluster the standard errors at the regulator level.12
The results are presented in Table 4.4. Columns 1-3 show the withinprovince estimation results. Column 1 uses a specification only with province
and year fixed effects. Column 2 also includes controls and their interactions with decentralization. Column 3 further includes province-specific
linear trends. Columns 4-6 show the corresponding within-regulator estimation results. Within-province estimates can be interpreted as the impact
of decentralization across regulators whereas within-regulator estimates
measure the impact of decentralization for a given regulator. If decentralization was positively correlated with the appointment of native regulators,
we would expect the impact of within-province estimates to be larger than
within-regulator estimates. However, these estimates are very close to each
other, which suggests that a shift towards or against native regulators along
with decentralization is very unlikely.
The estimates in Table 4.4 imply that decentralization with a native
safety regulator increases the death rates by about three deaths per million
12

We also try clustering standard errors at the province level. The standard errors increase
a bit but the main results are also significant at 5% level. We do not focus on this way
because we only have 22 provinces in total.
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tons of coal production, which is four times the impact of decentralization
per se. Table A.1 in the appendix reports the coefficients of the controls.

4.5

Robustness Checks

We now conduct different robustness checks regarding our main results.
First, we examine the impact of deaths and production separately. Second,
we look at the impact of decentralization and centralization separately. We
realize that the recentralization in 2001 might be endogenous. However, it
will not affect our main identification as long as the nativeness of regulators
are not correlated with the decision. Third, we use a more flexible specification to evaluate the effect year by year. Fourth, as a robustness check for
our main hypothesis, we also look at the effect of media exposure. As we
do not have exogenous measure of media exposure, we cannot claim that
these results are causal. Finally, we also examine the impact on coalmine
firms to understand who gets benefits from collusion. In particular, we are
interested in whether workers are compensated for the risk of deaths. We
see no evidence that wages increase with more risks.

4.5.1

Deaths v.s. Production

In our baseline estimates, we use number of deaths per million tons of coal
production as an indicator of safety. It is an intuitive measure often discussed in the media. There are two limitations of this intuitive measure.
First, the number of deaths and production can be both endogenous. Second, the results might be affected a few extreme values. As a robustness
check, we examine the impact on the log of number of deaths as well as the
log of coal output. In the province-year dataset, only three observations are
zeros for the number of deaths.13
The specification is similar to equation (4.6) except that the dependent
variable is replaced by the logs of number of deaths and coal production.
13

We can also employ a Poisson fixed effects model and the estimates are quite similar.

Y
Y
Y
60
231

Y

60
231

-0.223
(0.197)
Y

-0.147
(0.195)
Y

(2)
Death
0.858∗∗∗
(0.226)

60
231

Y
Y
Y

(3)
Death
1.091∗∗∗
(0.388)

Y
Y
Y
Y
Y
60
231

(4)
Death
1.096∗∗∗
(0.381)

61
234

Y

-0.023
(0.058)
Y

(5)
Output
0.120∗
(0.062)

TABLE 4.5: T HE I MPACTS ON D EATH & O UTPUT

Y
Y
Y
61
234

-0.027
(0.054)
Y

(6)
Output
0.150∗∗∗
(0.051)

61
234

Y
Y
Y

(7)
Output
0.112∗
(0.067)

Y
Y
Y
Y
Y
61
234

(8)
Output
0.120∗∗
(0.056)

Notes: Controls include whether the regulator is in office longer than average, whether the regulator is older than average, whether the main governor is
native and the logs of coalmine industry wages, GDP per capita, distance to Beijing.
Reported in parentheses are standard errors clustered at the regulator level. * Significant at 10%, ** 5%, *** 1%.

Province and Year FE
Governor FE
Province Dummy*Year
Controls
Decentralized*Controls
# clusters
# observations

Native

Decentralized*Native

(1)
Death
0.856∗∗∗
(0.268)
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The controls are also the same as those in equation (4.6) but the log of production is naturally excluded.
The results are presented in Table 4.5. Columns 1-4 present the estimates for the log number of deaths from both within-province and withinregulator specifications. They show that deaths increase by around 80%
to 100% for the provinces with native regulators. Similarly, columns 5-8
present the results for the log of coal production. Consistent with the framework, production is also increased under collusion. However, the magnitude is much smaller than that of deaths, around 12%, around one eighth
of the impact on deaths.

4.5.2

Decentralization v.s. Centralization

We know from official government documents that the decentralization decision in 1998 was due to considerations of profitability (The State Council
1998). However, we do not know the precise motives behind the recentralization decision in 2001. Besides, the recentralization refers to the supervision power particularly. Our model predicts that we should see an effect,
both when decentralization is introduced and when it is taken away. To
check whether the effects are heterogeneous between the two decisions, we
can estimate separate regressions for different subperiods.
We replicate the same regressions as in equation (4.7) but separately for
two sample periods: 1995-2000 and 1998-2005. In the first subsample, 19951997 is the centralization period whereas 1998-2000 is the decentralization
period. In the second subsample, 1998-2000 is the decentralization period
where 2001-2005 is the centralization period.
The results are presented in Table 4.6. They show that the effect of the
two switches are consistent. Not surprisingly, the effect for the first subperiod is in general a bit larger than that for the second subperiod. This is
because the recentralization decision is only related to supervision power
whereas the decentralization decision is related to both supervision power
and management power.

0.039
(1.065)
Y
Y
Y
35
126

35
126

(2)
2.725∗∗
(1.191)

-1.520
(1.144)
Y

(1)
3.820∗
(1.967)

35
126

Y
Y
Y

(3)
4.038
(2.824)

Y
Y
Y
Y
35
126

(4)
3.211
(1.907)

51
173

0.849
(0.579)
Y

(5)
2.676
(1.603)

Y
Y
51
173

1.074
(0.786)
Y

(6)
3.073∗∗
(1.502)

51
173

Y
Y
Y

(7)
3.587
(3.122)

Y
Y
Y
Y
51
173

(8)
2.963
(3.392)

Notes: Controls include whether the regulator is in office longer than average, whether the regulator is older than average, whether the main governor is
native and the logs of coal production, coalmine industry wages, GDP per capita, distance to Beijing.
Reported in parentheses are standard errors clustered at the regulator level. * Significant at 10%, ** 5%, *** 1%.

Province and Year FE
Governor FE
Controls
Decentralized*Controls
# clusters
# observations

Native

Decentralized*Native

TABLE 4.6: H ETEROGENEOUS I MPACTS OF D ECENTRALIZATION AND C ENTRALIZATION
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4.5.3

Using More Flexible Specifications

Our baseline estimates evaluate the average effect under decentralization.
We can allow for more flexible specifications and evaluate the dynamic effects. This way, we can also test the parallel trends assumption of the fixed
effects model. The specification is as follows:
Deathratespt =

X

βτ Nspτ ∗yearτ +β N Nspt +γ 0 Xpt ∗Dt

τ

+υ 0 Xpt +λp +γ t +δ p provp ∗t + εspt ,
where

P
τ

(4.8)

Nspτ ∗yearτ are the interactions between the dummy for being na-

tive and different year dummies and the year before decentralization (i.e.,
the year of 1997) is left as the comparison year.
The results are presented in Table 4.7. Column 1 only includes province
and year fixed effects. Column 2 also includes controls and column 3 further includes province specific time trends. Limited by sample size, these
estimates are not precisely estimated. But these results are close to the baseline estimates and they also show that the positive effect on death rates is
limited to the decentralization period. Moreover, they also show that β1995
and β1996 are not different from zero.
The results in column 3 are also visualized in Figure 4.4. The dotted line
indicates the 95% confidence interval, with standard errors clustered at the
regulator level. Every estimated effect is relative to the year of 1997, which
is displayed as an effect of 0 to aid visual analysis. It can be seen clearly
that there were no significant pre-trends before decentralization.

4.5.4

Media exposure

As a robustness check for our hypothesis, we also look the effect of media.
The model predicts that media exposure (m) should decrease the collusion
probability and the effect should be larger in the decentralized period.
We measure media exposure using two variables: the lagged number
of newspaper names as well as the lagged number of newspapers pub-
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TABLE 4.7: T HE D YNAMIC I MPACTS

OF

D ECENTRALIZATION *N ATIVENESS

ON

D EATH

R ATES
(1)
Death Rate
-0.292
(1.352)

(2)
Death Rate
-0.053
(1.345)

(3)
Death Rate
-0.692
(1.535)

Native * Year 1996

-0.780
(1.158)

-0.583
(1.055)

-1.131
(1.169)

Native * Year 1998

4.282
(3.920)

4.448
(3.274)

4.602
(3.521)

Native * Year 1999

2.260
(1.677)

2.206
(1.523)

2.474
(1.676)

Native * Year 2000

3.616∗
(2.067)

3.654∗∗
(1.708)

4.047∗∗
(1.637)

Native * Year 2001

-0.043
(1.561)

0.289
(1.772)

0.855
(1.782)

Native * Year 2002

0.405
(1.505)

0.195
(1.519)

0.421
(1.546)

Native * Year 2003

1.791
(1.631)

1.387
(1.589)

1.613
(1.497)

Native * Year 2004

0.528
(1.373)

0.112
(1.215)

0.215
(1.393)

Native * Year 2005

1.072
(1.396)
Y

0.507
(1.154)
Y
Y
Y

61
234

61
234

0.324
(1.509)
Y
Y
Y
Y
61
234

Native * Year 1995

Province and Year FE
Controls
Decentralized*Controls
Province Dummy*Year
# clusters
# observations

Notes: Controls include whether the regulator is in office longer than average, whether the regulator
is older than average, whether the main governor is native and the logs of coal production, coalmine
industry wages, GDP per capita, distance to Beijing.
Reported in parentheses are standard errors clustered at the regulator level. * Significant at 10%, ** 5%,
*** 1%.
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F IGURE 4.4: T HE D YNAMIC I MPACTS

Notes: The figure visualizes the results in column 3 of Table 4.7. It shows that the positive effect of
native*year dummy is restricted to the decentralization period. The dotted line indicates the 95% confidence interval, with standard errors clustered at the regulator level. Every estimated effect is relative
to the year of 1997, which is displayed as an “effect” of 0 to aid visual analysis.

lished per 1,000 inhabitants. The first proxy measures media competition
in a province whereas the second proxy measures the extent of news received by the inhabitants.
The data is taken from China Statistical Data of Press and Publication
published since 1997. Because we use the lagged number of newspapers,
we have a shorter sample (from 1998 and 2005) when we examine the impact of newspapers. As shown in panel A of Table 4.1, the number of newspaper names varies from 2 to 71. The number of newspapers published
per 1,000 inhabitants varies from 0.05 to 8. In the specifications below, to
facilitate the reading of coefficients, we normalize the number of newspaper names by the mean (28). The coefficient can thus be interpreted as the
impact of increasing the number of newspapers by the value of the mean.
The results are presented in Table 4.8. Column 1 shows the effect of the
lagged number of newspaper names. Column 2 shows the impact of the
lagged number of newspapers published per 1,000 inhabitants. Both have
a negative effect on death rates. Column 3 shows the results for the horse-
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TABLE 4.8: T HE I MPACT OF N EWSPAPERS ON D EATH R ATES
(1)

(2)

(3)

(4)
-2.167
(1.471)

(5)
-2.402
(1.530)

(6)
-3.226
(2.211)

-2.162∗∗
(0.935)

-1.209
(0.748)

-0.793
(0.488)

-0.755
(0.575)

Decentralized*Native

3.116∗
(1.849)

3.576∗∗
(1.702)

3.997∗∗
(1.549)

Native

-0.736
(0.781)
Y
Y

57
194

-0.385
(0.757)
Y
Y
Y
Y
57
194

lag # of Newspapers*Decentralized
lag # of Newspapers

-1.951∗∗
(0.769)
-0.574∗
(0.291)

lag Newspapers Published per 1,000

Province and Year FE
Province Dummy*Year
Controls
Decentralized*Controls
# clusters
# observations

0.159
(0.299)

Y

Y

Y

0.443
(0.595)
Y

57
194

57
194

57
194

57
194

Notes: Controls include whether the regulator is in office longer than average, whether tge regulator
is older than average, whether the main governor is native and the logs of coal production, coalmine
industry wages, GDP per capita, distance to Beijing.
Reported in parentheses are standard errors clustered at the regulator level. * Significant at 10%, ** 5%,
*** 1%.

race between the two measures and suggests that the lagged number of
newspaper names is more important. This is consistent with the prediction on the impact of media pluralism on accountability in Besley and Prat
(2006). Column 5 and 6 show the results on the interaction effect of the
lagged number of newspaper names and decentralization. The coefficients
are not very significant after clustering standard errors, but they do suggest
that the deterrent effect is larger in the decentralized period.
The effect of media exposure provides further support to our model
mechanism. Moreover, our finding that media pluralism matters suggests
that competition of media reports may enhance accountability because it
helps monitor local officials, even in a non-democracy such as China.

4.5.5

Coalmine Firms

Our framework predicts that local regulators and firms benefit from collusion. As we cannot observe the wealth of regulators, we focus on the impact

136

COLLUSION AND DEATHS
TABLE 4.9: T HE I MPACTS ON C OALMINE F IRMS

Decentralized*Native
Province and Year FE
Governor FE
Firm FE
Controls
Decentralized*Controls
# clusters
# observations

(1)
Sales
0.216∗
(0.123)
Y
Y
Y

49
664

(2)
Sales
0.144∗
(0.084)
Y
Y
Y
Y
Y
49
664

(3)
Employment
0.135
(0.122)
Y
Y
Y

49
665

(4)
Employment
0.119
(0.115)
Y
Y
Y
Y
Y
49
665

(5)
Wage
0.001
(0.098)
Y
Y
Y

49
664

(6)
Wage
-0.019
(0.100)
Y
Y
Y
Y
Y
49
664

Notes: Controls include whether the regulator is in office longer than average, whether the regulator
is older than average, whether the main governor is native and the logs of coal production, coalmine
industry wages, GDP per capita, distance to Beijing.
Reported in parentheses are standard errors clustered at the regulator level. * Significant at 10%, ** 5%,
*** 1%.

on coalmine firms. The firm-level data comes from the Annual Surveys of
Industrial Production conducted by National Bureau of Statistics of China
since 1998. We have managed to match the province-level data with the
balance sheets of 90 (out of 94 in total) key state coalmine firms between
1998 and 2005. Thus, we only have the policy change in 2001 to examine.
To examine the impact on coalmine firms, we look at the impact on the
sales.14 We also examine the impact on employment and wages, as proxies
for the (pre-accident) welfare of coalmine workers. The specification is as
follows:
logYf st = β 1 Nf st ∗Dt + βN Nf st +µs +δ f +γ t +εf st ,

(4.9)

where firm fixed effects (δf ) are also controlled for.
The results are presented in Table 4.9. Columns 1-2 show that the interaction of decentralization and nativeness of the safety regulator increase
coalmine sales about 14%, suggesting that coalmine firms indeed benefit
from it. However, we do not find any impact on employment or wages,
which suggests that the benefits are not shared by coalmine workers, who
instead suffer from larger health hazards. This finding is not surprising
given the labor-supply surplus in rural China during this period.
14

We do not look at profits because many of the profit figures are negative.

4.6. ALTERNATIVE INTERPRETATIONS
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Alternative Interpretations

We have shown that different sources of data deliver a similar message:
both decentralization and having a native safety regulator decrease collusion costs and hence lead to higher death rates. However, one can imagine that decentralization and having a native regulator affect other aspects
of coal production. We now discuss other possible impliations of having
a native safety regulator. Moreover, we also compare our hypothesis with
alternative explanations on coalmine deaths.
Other consequences of having a native safety regulator Besides decreasing the transaction costs of collusion, native safety regulators can be
different in other dimensions. In particular, they can differ in their preferences, information and ability to misreport death rates. To account for our
finding that death rates are higher for the native group under decentralization, one needs to assume that the native regulators care less about safety
of the workers, have less information about safety or have lower ability to
under-report coalmine deaths. Neither of hypotheses seems reasonable.
Alternative hypotheses on coalmine deaths We categorize alternative hypotheses into three groups. The first hypothesis is insufficient safety
input, especially for small local coalmines (Tang and Guo 2006). For example, gas drainage systems have not been set up in 40% of the coalmines.
Insufficient safety inputs no doubt matter for the high death rates. But the
next question to answer is why the safety inputs are not sufficient.
A second hypothesis is insecure property rights (Tan and Tang 2004).
This would argue that the ownership of mines is not stable and often subject to policies of the Central government. The Central government sometimes closes coalmines without noticing owners of the mines when safety
becomes politically sensitive. Insecure property rights makes owners shortsighted, which makes them under-invest in safety facilities. However, this
hypothesis would generate opposite results from our findings, since decentralization should provide better property-rights protection, given that
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native safety governors tend to protect coalmine firms.
A third hypothesis is low quality of coalmine workers, which emphasizes the demand side of safety inputs (Asian Development Bank 2007).
This would argue that the coalmine workers are usually uneducated, lack
knowledge on safety and do not have strong demands of improvements in
their working conditions. It is not easy to measure the demand for workplace safety. We can use average wages of mine workers as proxies for labor quality. This proxy does not matter for death rates after controlling for
province fixed effects and year fixed effects. Table A.1 in the appendix reports the coefficients on different control variables including average wages.

4.7

Conclusions

We propose a political-economics explanation for China’s abysmal record
on coalmine safety. In this theory, the local government allows firms to
choose dangerous but profitable production technologies when collusion
is feasible. We explore an institutional change in the management of key
state coalmines to test our hypothesis, using a provincial level panel dataset
from 1995 and 2005.
Our finding that decentralization increases coalmine deaths supports
the collusion channel in the theoretical literature. It also implies that careful
pondering is needed to evaluate the consequences of public-sector decentralization. Our finding that the impact of decentralization is much larger
for native safety governors provides further evidence on the the collusion
channel, because natives are likely to have lower transaction costs of collusion.
We might be the first to formalize the collusion logic in coalmine accidents and provide empirical evidence for it. However, as mentioned in the
introduction, the insight about collusion between governments and firms
has been well recognized in the media. While our study focuses on a specific industry, the political logic can be generalized to other industries and
other type of safety problems.
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TABLE A.1: T HE C OEFFICIENTS OF C ONTROLS
(1)
DeathRate
3.258∗∗∗
(1.187)

(2)
DeathRate
3.517∗∗∗
(1.280)

(3)
DeathRate
3.270∗∗
(1.558)

(4)
DeathRate
3.540∗∗∗
(1.169)

Native

0.636
(0.414)

0.044
(0.617)

Decentralized * Tenure

0.008
(0.853)

-0.075
(0.889)

0.042
(1.096)

-0.075
(0.886)

Decentralized * Older

1.214
(1.224)

1.298
(1.391)

1.069
(1.835)

1.290
(1.341)

-1.271∗∗
(0.515)

-1.313∗∗
(0.554)

-1.312∗
(0.713)

-1.311∗∗
(0.548)

Decentralized * Log(Wage)

1.353
(2.358)

0.550
(2.421)

0.236
(3.036)

0.548
(2.421)

Decentralized * Log(GDP per capita)

-1.096
(1.284)

-1.385
(1.391)

-1.519
(2.126)

-1.405
(1.391)

Decentralized * Log(Dis. to Beijing)

0.159
(0.309)

0.053
(0.305)

-0.254
(0.480)

0.046
(0.297)

Decentralized * Native Gov.

0.402
(0.955)

0.478
(1.107)

0.845
(1.114)

0.484
(1.130)

Long Tenure

0.309
(0.339)

0.388
(0.335)

0.413
(0.441)

0.389
(0.338)

Older

0.743∗
(0.374)

0.593
(0.511)

1.230
(1.046)

0.590
(0.508)

Log(Wage)

-0.037
(1.506)

1.592
(1.913)

1.048
(2.689)

1.636
(1.785)

Log(GDP per capita)

-2.601
(2.741)

-5.069
(3.451)

-2.722
(5.026)

-5.066
(3.435)

Log(Output)

-0.915∗
(0.537)

-1.021
(0.764)

-1.139
(1.090)

-1.024
(0.762)

Native Governor

-0.342
(0.405)
Y

-0.211
(0.571)
Y

-0.816
(0.888)
Y
Y

Y
Y
61
234

Y
Y
Y
61
234

-0.217
(0.565)
Y
Y
Y
Y
Y
61
234

Decentralized*Native

Decentralized * Log(Output)

Province and Year FE
Governor FE
Province Dummy*Year
Controls
Decentralized*Controls
# clusters
# observations

Y
Y
61
234

Notes: The results in column 1-2 (and 3-4) are the same as in columns 2-3 (and 5-6) of Table 4.4 but also
presents the coefficients of all the controls.
Reported in parentheses are standard errors clustered at the regulator level. * Significant at 10%, ** 5%,
*** 1%.
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Chapter 5

The Legacies of Forced
Freedom: China’s Treaty Ports∗
5.1

Introduction

This paper investigates the long-run development of China’s treaty ports
from the mid-18th century until today. The case of China’s treaty ports
provides an interesting testing ground for history and development. First,
treaty ports were forced to open as a result of treaties between China and
Western countries after wars and therefore, the opening provides a quasinatural experiment to study whether history is of importance for development. Second, China experienced alternate phases of closedness and openness from the 19th century until today, which I can exploit. This dynamic
environment might help us better understand some mechanisms why history is of importance.
∗
This chapter is forthcoming at Review of Economics and Statistics. I am indebted to Torsten
Persson for his guidance. I thank Philippe Aghion, two anonymous referees, Abhijit Banerjee, Davide Cantoni, Shuji Cao, Camilo Garcia, Edward Glaeser, Avner Greif, Richard Hornbeck, Masayuki Kudamatsu, Pinghan Liang, Debin Ma, Nathan Nunn, Dwight Perkins,
Nancy Qian, James Robinson, Thorsten Rogall, David Strömberg, Noam Yuchtman and participants at the Tsinghua Economic History Forum, the UZH doctoral seminar, the UPF Economic History Seminar, Econometric Society World Congress 2010, MIT Political Economy
Breakfast and Harvard Development Lunch for their comments. Editorial assistance was
provided by Christina Lönnblad and financial support was provided by Handelsbanken’s
Research Foundations. Any remaining mistakes are my own.
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TREATY PORTS
The treaty port system dates back to the late Qing dynasty of China,

which is usually described as dark and shameful in Chinese history. One
important feature of this period is that the Qing government signed many
“unequal treaties” with Western countries. Along with these treaties, China
conceded more than 40 cities called “treaty ports” to Western countries
from the 1840s to the 1910s. The Westerners established municipal authorities, factories, schools, police and judiciaries in these ports. After a hundred
years, in January 1943, China signed treaties with Britain and the United
States to abolish extraterritoriality and the treaty ports system ceased to
exist.
If we simply compare the economic performance of treaty ports with
other locations today, it seems obvious that treaty ports have developed
better: many prosperous cities such as Shanghai, Guangzhou and Tianjin
have been treaty ports.1 However, due to lack of data and selection concerns, little is known about the quantitative impacts of the treaty ports system on development.
To study the impacts of the treaty ports system, I construct a prefecturelevel dataset,2 encompassing the development paths of prefectures with
treaty ports and a control group of prefectures with similar characteristics.
I mainly use population sizes from ten existing censuses in the years 1776,
1820, 1851, 1880, 1910, 1953, 1964, 1982, 1990 and 2000. I complement the
results with GDP per capita from 1987 to 2007.
The major concern for identifying the effects of treaty ports is that Western countries might have chosen places better suited for economic development. I use the following strategies to relieve these selection concerns.
First, my attention is restricted to 57 prefectures along the coast or along
the Yangtze River. As explained in the background section, geography was
the main selection criterion. Second, I conduct some placebo tests to check
whether there were any systematic differences within the 57 prefectures
1

Hong Kong is also one of them, but it is excluded from the discussion in this paper due
to its special status.
2
Prefectures are the administrative level below provinces. A treaty port is a city in a
prefecture.
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based on observable characteristics. Third, I use differences-in-differences
to carry out my estimation by exploiting the timing differences across waves
of treaty ports, where I also allow for more flexible specifications similar to
the event study strategy.
The strategy of comparing treaty port prefectures to control group prefectures along all observable dimensions – particularly within the subsample of 57 prefectures that are all similar in geographic attributes, being
along the coast or the Yangtze River – follows the strategy advocated by
Altonji, Elder, & Taber (2005)3 . Despite my effort to ensure that the treaty
ports group and the control group are comparable, it is worthwhile pointing out that there might be potential unobserved characteristics that lead to
an estimation bias. As a robustness check, I exploit the existence of Historical Customs Stations (known as “Changguan” in Chinese) as an instrumental variable. The Historical Customs Stations were established in the 17th
century, some of which were established for military reasons and some of
which to collect taxes from limited inland trade. As noticed by historians
(Hamashita, 1989), the assignment of treaty ports is affected by the existence of Historical Customs Stations. However, prefectures with Historical Customs Stations did not necessarily develop better without the treaty
ports system, as shown by two placebo tests. First, within the subsample
of prefectures along the coast or the Yangtze River, the prefectures with
Historical Customs Stations did not grow faster before the treaty port system. Second, within the subsample of inland prefectures, the prefectures
with Historical Customs Stations did not grow faster after the treaty port
system. The results from the IV strategy are consistent with those from the
differences-in-differences strategy.
I find that prefectures with treaty ports grew faster in terms of population sizes after they had become open. After the Communist revolution
in 1949, when all parts of China were closed to foreign influence, the two
3

Altonji, Elder, & Taber (2005) uses all of the variables in a given dataset. Limited by
historical data availability, I collect variables from different data sources. To the best of my
knowledge, very few statistical studies using prefecture-level data from historical China
exist. I include all the variables available at the current stage.
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types of areas grew at similar rates. This finding is not surprising as the
economy was heavily regulated and reducing regional differences was one
of the most important political goals of the newly established government
(Murphey, 1980). However, when China once more began to open up after
1980, it was the places with treaty ports which were among the first to take
advantage of the new globalization opportunities, as shown by a higher
population growth as well as faster growth of GDP per capita. In this paper, I denote the effect until the 1950s the short-run impact and the effect
after the 1980s the long-run impact.
Many mechanisms can explain the short-run impact that population
sizes grew faster in treaty ports after their opening. For instance, the Westerners built modern hospitals in treaty ports, which provided better public heath services. Additionally, the Westerners also established factories,
which provided more economic opportunities and hence, attracted migrants.
I do not attempt to disentangle all these channels that might explain the
short-run impact. Instead, I focus on mechanisms that might explain the
long-run impact. To explain the long-run impact on population growth, I
employ modern data on birth rates, death rates and migration. I find the
birth rates and death rates to be similar for prefectures in the subsample.
However, migration into the treaty ports areas from other provinces plays
an important role. This finding suggests that better economic opportunities in the treaty ports areas attract more people, not from their neighboring prefectures in the control group but rather from other areas of China.
In terms of economic activities, I examine the growth of different sectors. I
find the commerce and service sector to be the main driver of the long-run
advantage of the treaty ports group.
This paper is clearly related to a broad literature on history and development. Nunn (2009) gives a thorough survey of the existing literature.
Many studies in this line of literature have examined why history is of
importance for long-run development outcomes. Existing explanations include geography and natural resources (Diamond, 1997; Sachs & Warner,
2001; Rappaport & Sachs, 2003), specific institutions such as legal systems
(La Porta et al., 1997, 1998) and property rights (Acemoglu, Johnson, &
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Robinson 2001; Banerjee & Iyer, 2005), human capital (Glaeser et al., 2004;
Easterly & Levine, 2009) as well as social norms (Tabellini, 2008; Nunn &
Wantchekon, 2001). In this paper, the places studied share similar geographical features (along the coastal line or along the Yangtze River) and
all of them are ”accessible” to trade, which suggests that geography is unlikely to be the main mechanism. During 1949-1978, formal Western institutions were basically abolished but the former treaty ports still developed
better once the country had been reopened. Hence, geography and tangible institutions are not likely to be the key mechanism. It is conceivable
that human capital and social norms might have played a role in explaining the long-run impacts. But it is difficult to have convincing statistical
evidence on these factors. Instead of examining these factors separately, I
focus on more explicit measures of economic activities, namely the growth
of different sectors. The finding regarding the commerce and service sector suggests a similar mechanism of path dependence as in Bleakley & Lin
(2012), which documents that portage sites in US history have become cities
whose industrial mix are still skewed toward service or commerce sectors.
The paper is organized as follows. Section 5.2 describes the historical background. Section 5.3 presents the data, the selection concerns and
some descriptive graphs as the motivation for the empirical estimation.
Section 5.4 presents the results for population growth from an differencesin-differences strategy and the results for GDP per capita from standard
fixed effects estimations. Section 5.5 gives the estimation results using the
existence of Historical Customs Stations as an instrument. Section 5.6 provides suggestive evidence on mechanisms of the long-run impact on population growth and GDP growth. Section 5.7 concludes the paper.

5.2

Historical Background

In this section, I describe different phases of China’s closedness and openness from the 1840s to today.
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5.2.1

1842: from Closedness to Forced Openness

China, which literally means “Central Kingdom” in Chinese, was a selfsufficient agricultural society before the late-Qing dynasty. Before the treaty
system, Guangzhou was the only open port to Westerners where trade was
operated under the monopoly of a few merchants referred to as the “Thirteen Hongs” or the “Guangzhou Factories” (Morse, 1918).4
Partly due to the monopoly power, partly due to the trade disadvantages for Western countries,5 open warfare between Britain and China broke
out in 1839. China was defeated and forced to sign a treaty with Britain, the
Treaty of Nanking, which was the beginning of a series of treaties in the
following decades.
The treaty of Nanking in 1842 established the concept of treaty ports.
The treaty named five cities - Guangzhou, Xiamen, Fuzhou, Ningbo and
Shanghai - where the British were permitted to establish themselves “for
the purpose of carrying on their mercantile pursuits without molestation
or restraint” (Treaty of Nanking, 1842). Later refinements introduced “the
most favored nation treatment”, requiring the Chinese to extend any privileges to one country to other Western countries. Most importantly, the
treaties signed by France and the United States in 1844 spelled out the concept of extraterritoriality, which implied that foreigners in China were governed by the law of their own country instead of Chinese law.
Figure 5.1 illustrates the growth of the treaty ports system, which historians usually categorize into four waves according to the time of the opening (Twitchett & Fairbank, 1978): Wave 1 is from 1842; Wave 2 is from 1858
to 1864; Wave 3 is from the 1870s to the 1880s and Wave 4 is from the 1890s
4
In 1684, the Emperor Kangxi of the Qing allowed foreigners to trade with China in four
cities, including Guangzhou. In 1686, Westerners were allowed to also live in the area of
the factories in Guangzhou, at the head of the Pearl River. In 1757, the Emperor Qianlong
restricted Westerners to the port of Guangzhou, and no other area.
5
The only advantage for Britain in trade was in opium, which was smuggled by merchants from British India into China in defiance of Chinese prohibition laws. Recognizing
the consequences of opium abuse, Lin Zexu, Governor-General of Hunan and Hubei, embarked on an anti-opium campaign where 1,700 opium dealers were arrested and 2.6 million pounds of opium were confiscated and destroyed. This led to open warfare between
China and Britain, which is known as ”the Opium War”.
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F IGURE 5.1: GROWTH OF THE TREATY PORTS SYSTEM

Wave 1 was opened in the1840s; Wave 2 was opened in the 1860s; Wave 3 was opened during the
1870s and the1880s; Wave 4 was opened in the 1880s and later. The dark areas are the prefectures in
the subgroup. There are 3 prefectures with treaty ports not included in the benchmark estimation as
they are not coastal prefectures. The inclusion of them and their neighbors does not change the main
results.

to 1910.6 The treaty ports in Tibet, Taiwan and Northeastern China are not
included in this paper.7 As shown in Figure 5.2 in Section 5.3, the order of
the waves did not depend on the economic development proxied by population sizes except for Wave 1. Historical writings such as Fei (1991) present
some qualitative differences within treaty ports. However, these differences
are not easily quantified. This paper considers the group of treaty ports together and the results can be taken as the average effects for the group.

6

It usually took several years before the treaties got implemented (i.e. when foreign customs offices were established). In the empirical analysis, I use the year of implementation
as the “treatment” year.
7
Unlike the treaty ports studied in this paper, the treaty ports in Northeastern China
were controlled by Japan and their interest did not lie in trade. This creates an interesting
environment for studying the effects of colonial origins within treaty ports, which is not the
focus of the current paper.
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5.2.2

1949-1978: from Openness to Closedness

The People’s Republic of China was established in 1949. Being concerned
about the international environment toward the vulnerable new country,
the leaders decided that China should depend on itself for its development
and the door of the country was once more closed. Besides, starting as
a peasant-centered revolution, coming to power from rural bases against
the cities, and ruling a country which was still 80 percent rural and agricultural, the new government took many steps to control and disperse the
development of existing urban areas, especially treaty ports. These strategies included transferring plants from coastal cities inland during the 1950s
and sending about 15 million urban youths to the rural areas during the
Cultural Revolution between 1966 and 1976 (Murphey, 1980).
People’s daily economic activities were strictly controlled in the centrally planned economy. Team accounting was used in the rural areas. Farmers got paid regardless of their production in the teams, which created
serious incentive problems and low productivity. In urban areas, the national unified job allocation and wage system was employed. The central
government set the general wage policies and determined both the wage
structure and wage differentials and these levels barely changed for nearly
three decades. Production teams were largely disbanded during the agricultural reforms of 1982-1985 and the rigid wage system was abolished
around 1984-1985.
The closed economy led to significant economic stagnation. In 1978, the
average yearly income of a Chinese individual was 13.6% of the world average and China was ranked 203 among the 206 countries in the world in
terms of per capita income (World Bank, 1979).

5.2.3

1980s-today: from Closedness to Openness

The Chinese government decided on large-scale economic reforms in 1978
and embarked on a policy of ”opening to the outside world” in a planned
way and step by step. Since 1980, China has established Special Economic
Zones in Shenzhen, Zhuhai and Shantou in Guangdong Province and Xi-
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amen in Fujian Province, and designated the entire province of Hainan as
a Special Economic Zone. In 1984, China further opened 14 coastal cities
to overseas investment (9 of which were former treaty ports). Then, starting from the late 1980s, the state decided to expand the open areas to other
parts of China.
“Special Economic Zones” usually refer to the five above mentioned
places and sometimes include the 14 coastal cities. Wang (2013) finds that
special economic zones have developed better. But she defines special economic zones very broadly, including all places with economic and technological development zones. According to this definition, all 57 prefectures
studied in this paper had become “special” economic zones in 1990. As a
robustness check, I define the “Special Economic Zones” (SEZs) as those
zones opened before 1985 and include the interactions between the SEZs
dummies the with the year dummies in my estimation. This does not vary
the baseline results, as shown in Table 5.5 below.

5.3

Data, Selection and Descriptive Graphs

This section describes the data. Given this data, I discuss selection concerns and my strategies to deal with them. Then, I present a few descriptive graphs for population growth and GDP growth, as a motivation for the
empirical estimations in the next section.

5.3.1

Data

Detailed definitions and sources of data are given in Appendix A. Here,
I briefly describe the data. Since summary statistics can be seen when I
compare the means of key variables for different groups below, I do not
present a table for summary statistics separately.
For the outcomes from historical time until today, I use population sizes
from existing censuses in the years 1776, 1820, 1851, 1880, 1910, 1953, 1964,
1982, 1990 and 2000. The population size data before 1953 are taken from
Cao (2000). The census in new China from 1953 and onwards (National Bu-
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reau of Statistics, 2005) is conducted at the county level. I combined countylevel data into prefecture-level data after considering different administrative boundary changes. I complement the results with GDP per capita from
1987 to 2007.
I have also collected data on prefecture characteristics that might have
affected the selection of treaty ports, including geographical variables, economic variables, natural resources and political variables. They are described
as follows:
(1) Geographical variables: dummies for whether a prefecture is on the
coastal line and the Yangtze River, latitude and longitude. The information
is taken from China Historical GIS Data.
(2) Economic variables: population in 1776 and 1820 from Population
History of China (Cao, 2000) and prefecture-level land tax quotas in 1820
collected in Liang (1981).8
(3) Natural resources: dummies for silk and tea production areas based
on information from Perkins (1969) and Li (1957). Silk and tea were the
most important export goods in this period.
(4) Political variables: distance to the Grand Canal. The Grand Canal
system (or Da Yun He) totaled about 2,500 kilometers with Beijing at its
northernmost extension, Hangzhou at its southernmost point and Luoyang
at its easternmost point. Thus, it connected the political center of the empire
in the north (especially since the Song dynasty, i.e., around 960 AD) with
the economic and agricultural centers of central and southern China. With
the Canal, the control of a unified China became a possibility and the Grand
Canal is acknowledged to be a significant element in political stability of
imperial China, mainly through grain distribution. It does not serve to any
considerable extent for Western countries in terms of trade in that period.
The calculation is based on China Historical GIS Data.
Another set of data is modern information on birth rates, death rates
8

I also check information on provincial level Imperial exam graduates per 10,000 inhabitants in the 1840s from Jiang (2007) as another proxy for economic development. The
information is not very complete but the two groups are also close in this dimension based
on available data.
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and migration as well as output of different sectors. These data will be used
to understand the long-run impacts in Section 5.6.

5.3.2

Selection Concerns

A key issue in comparing treaty ports and non-treaty ports is to identify
how treaty ports were assigned. If these ports were randomly assigned, it
would be easy to compare their development paths. Unfortunately, this is
not generally true and there were indeed strategic considerations in choosing the treaty ports. For example, in his correspondence to John Bowring,
who was the Chief Superintendent of British Trade in China, Lord Clarendon wrote that the British aim was “to obtain access generally to the whole
interior of the Chinese Empire as well as to the cities on the Coast: or failing
this, to obtain free navigation of the Yangtze River and access to the cities
on its banks up to Nanking inclusive” (Morse, 1918). Below I discuss the
strategies for relieving the selection concerns in detail.
A first step in dealing with the selection concern is to focus on a subgroup of prefectures on the coastal line and Yangtze River. As illustrated in
Figure 5.1, most of the treaty ports indeed lie along the coastal line or the
Yangtze River. The dark area in Figure 5.1 covers the 57 prefectures in my
sample.9
The motivation for focusing on this subgroup of prefectures is that given
the geographical characteristics or accessibility to trade, there is some randomness in assigning the treaty ports. For instance, reflecting on the assignment of treaty ports, a report from the China Imperial Customs (operated by the British) in 1880 said that “in some places the new ports were in
the wrong place; instead of Kiukiang, for instance, the treaty port should
have been at Huk’ou, at the exit from the Poyang Lake” (China Imperial
Customs, 1931). As shown in Figure 5.2 below, the order of waves did not
depend on population sizes. This also suggests that foreign powers did not
9

The names the 57 prefectures are listed in the Appendix. Three treaty ports in the South
West were not included in the analysis because they are not on the coast or on the Yangtze
river. However, including them and nearby prefectures does not change the results in the
paper.
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have detailed knowledge about all treaty ports except for a couple of places
such as Shanghai in Wave 1. As a robustness check, I drop Wave 1 in some
of the specifications.
Although all places in the sample are close to the coast or the Yangtze
river, there might still be another concern, which is not easy to measure
precisely: whether a port is sufficiently deep for trading and naval ships
and whether it would or would not freeze during the winter. However,
this is not a particular threat to the comparison for the following reasons.
First, a comprehensive study of China’s geography and geology by the
French geographer Louis Richard (Richard, 1908), first published in 1905
in Shanghai and translated into English in 1908, provides detailed information about the geology of China. It does not appear from that information
that non-treaty port locations in my sample are particularly unsuitable to
become ports. For example, regarding the coastal line, Richard argues that
”from Zhejiang to the Gulf of Tongking, it is very steep, indented and studded with numerous islets. It is here and along Shandong, that the finest
and deepest bays are found, and facilities afforded for opening well protected and promising ports”. Since the treaty ports along the coast and
their neighbors are close to each other, they share similar advantages.10
Second, although cities in the control group did not become treaty ports,
some of them have ports opened by the Qing government such as Funing
Fu and Yuezhou Fu, and many of them have ports of call such as Anqing
Fu, Chizhou Fu, Huangzhou Fu and others.
A second step to relieve the selection concerns is to check whether the
prefectures with treaty ports differ from the control group before the treaty
ports system. Given the above mentioned prefecture characteristics, I carry
out a few tests on the selection of treaty ports. The results from linear probability regressions are presented in Table 5.1. If I take all 186 prefectures into
consideration,11 the coefficients on the coastal line and the Yangtze River
10

Modern GIS data on China Bathymetry lines show that the bathymetric depth along
the coast is around 20 meters, for both the treaty ports and their neighbors.
11
There were more than 186 prefectures in China. But I only include “central China” in
this regression, for which information is available.
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TABLE 5.1: SELECTION OF TREATY PORTS

Coastal
Yangtze

(1)
All
0.451∗∗∗
(0.058)

(2)
All
0.450∗∗∗
(0.074)

0.436∗∗∗
(0.068)

0.426∗∗∗
(0.084)

(3)
Coast/Yangtze

(4)
Coast/Yangtze

Popu in 1776

0.000
(0.001)

0.002
(0.005)

0.002
(0.006)

Popu in 1820

-0.000
(0.001)

-0.001
(0.004)

-0.002
(0.005)

Silk

0.017
(0.073)

0.054
(0.184)

Tea

0.068
(0.056)

0.054
(0.162)

Land tax in 1820

0.000
(0.000)

0.000
(0.001)

Distance to Grand Canal

-0.005
(0.011)

-0.013
(0.029)

Longitude

-0.008
(0.010)

-0.023
(0.034)

Latitude

-0.010
(0.008)

-0.019
(0.021)

Affected by Taiping Rebellion

-0.046
(0.075)

-0.056
(0.207)
0.90
57
0.06

p-value of joint significance
# observations
R-squared

186
0.33

184
0.36

57
0.00

The table reports results for the selection of treaty ports from linear probability models. The results are
robust to Logit and Probit.
p-value is the value from an F test of the joint significance of covariates.
** Significance at 1%, ** Significance at 5%, * Significance at 10%.
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are significant in column 1 and these are the only two significant variables,
when all characteristics are included in column 2.12 And the other variables
besides the dummies for coast and the Yangtze River are jointly insignificant. The population sizes before the treaty system are of no importance,
as shown in column 3, if the sample is limited to the subgroup of 57 prefectures along the coastal line and the Yangtze River. In fact, within these
prefectures, none of the above mentioned characteristics is of importance
as presented in column 4. The p−value from the joint significance of these
characteristics is around 0.9. These results are robust to logit and probit
specifications.
As I have data on population sizes before the treaty system, I can employ the “event study” strategy by normalizing the periods based on different waves. Below I present some descriptive graphs, which motivate the
estimation results in Section 5.4.

5.3.3

Descriptive Graphs for the Subgroup

Figure 5.2 illustrates the trends of the prefecture-level population size in
1776, 1820, 1851, 1880, 1910 and 1953, 1964, 1982, 1990 and 2000 by waves.
The dramatic decrease in the population is due to a deadly civil war between 1851 and 1864, the Taiping Rebellion.13
From Figure 5.2, except for Wave 1, the treaty ports group was not better
than the control group before it became treaty ports. However, divergence
sets in after the treaty ports became established. The figure also illustrates
that the order of waves did not depend on the size of the prefectures.
Figure 5.3 combines the four waves. The trends are similar to those in
Figure 5.2. One can observe that treaty port places are, on average, larger
12

One reason why I do not use propensity score matching as the identification strategy
in the latter regressions is that, in fact, only geographical features are of importance for the
propensity score.
13
Besides the Taiping Rebellion, there were also some other historical events that lead to a
population decrease including (1) a bubonic plague in Yunnan around the period from 1871
to 1893, (2) a drought in Shaanxi, Shanxi and Henan from 1876 to 1880 and (3) a Muslim
Rebellion in Shaanxi, Gansu and Xinjiang from 1862 to 1873. But these places do not belong
to the 57 prefectures I consider in the identification.

0.47
(0.51)
162.60
(143.66)
7.34
(6.38)
113.87
(6.50)
27.84
(4.99)
0.40
(0.50)

Tea

Land tax in 1820

Distance to Grand Canal

Longitude

Latitude

Affected by Taiping Rebellion

0.26
(0.44)

30.86
(4.81)

111.80
(5.53)

7.14
(5.44)

141.90
(147.47)

0.31
(0.46)

0.13
(0.33)

0.42
(0.50)
0.38
(0.50)

3.15∗∗∗
1.85∗

28.41
(5.13)

-3.17∗∗∗

0.42
(0.50)

115.20
(5.03)

1.71∗

1.61

5.94
(5.10)

0.25

181.34
(144.13)

260.03
(152.48)

2.89∗∗∗

0.77

Treaty Ports
214.98
(129.49)

(4)
Coast/Yangtze

t-value
2.96∗∗∗

(3)
All

0.54
(0.51)

29.72
(4.18)

116.26
(3.79)

5.29
(4.98)

207.26
(155.33)

0.35
(0.49)

0.42
(0.50)

277.90
(151.16)

Control Group
228.37
(121.27)

(5)
Coast/Yangtze

-0.45

-1.22

-1.07

0.75

-0.17

0.74

0.03

0.11

t-value
0.14

(6)
Coast/Yangtze

The table reports the means of available variables for the treaty ports group and two comparison groups. It shows that the differences in these variables
are significant in the full sample but not in the subsample.
Table 5.2 reports the means by prefecture-level characteristics, for both the full sample and the subgroup. The differences are dramatic between the treaty
ports group and the rest in the full sample. However, within the subsample, the treaty ports group and the control group have balanced characteristics. To
employ a differences-in-differences model within the subsample, I assume that the unobservable sources of endogenous heterogeneity are additive.

0.37
(0.49)

Silk

170.83
(120.79)

The Rest
139.06
(100.22)

Treaty Ports
198.91
(129.93)
240.76
(152.98)

(2)
All

(1)
All

Popu in 1820

Popu in 1776

Sample

TABLE 5.2: C OMPARISONS OF PREFECTURE CHARACTERISTICS
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F IGURE 5.2: TRENDS OF POPULATION SIZE FROM 1776 TO 2000 BY WAVES

Population size is measured in 10,000.
The figure shows the population sizes over time by waves. Except for Wave 1, the order of waves does
not depend on the populations sizes before the treaty system.

F IGURE 5.3: TRENDS OF POPULATION SIZE FROM 1776 TO 2000: COMBINING
WAVES

Population size is measured in 10,000.
The figure combines different waves of treaty ports together. Here the treaty ports group includes all
prefectures that finally became treaty ports.

5.3. DATA, SELECTION AND DESCRIPTIVE GRAPHS

F IGURE 5.4: GDP PER CAPITA OVER TIME

The figure shows the change of GDP per capita over time.

F IGURE 5.5: L OG (GDP PER CAPITA) OVER TIME

The figure shows the change of log (GDP per capita) over time.

161

162

TREATY PORTS

than the control group between 1953 and 1982. However, there was little
difference in terms of changes in size between 1953 and 1982 and the trends
started to differ between 1990 and 2000.
Figures 5.4 and 5.5 plot the GDP per capita and the log of GDP per
capita over time since 1987. To make the results easier to read, I only report
selected years. The change in the log of GDP per capita can be taken as
growth of GDP per capita. The main message is that both groups started
with a very low level of GDP per capita. Although the treaty ports group
grew faster, it took some time for the difference in levels of GDP per capita
to become significant.

5.4

Differences-in-Differences Estimates

In this section, I estimate the growth differences of treaty ports in terms of
population sizes and GDP per capita. The results show that the treaty ports
group on average grows faster after opening up. However, it grew at similar rates as the control group when China was closed to foreign influence
between the 1950s and the 1980s.

5.4.1

Population Growth in 1776-2000

First, I use a differences-in-differences strategy, exploiting the timing differences across the four waves. Because the length of time between two
censuses is unevenly distributed, I use annual population growth as the
dependent variable. The annual population growth in prefecture i during
time t (Gi,t ) is calculated from the population size at census year t (P opui,t )
and the previous census year t − N (P opui,t−N ): Gi,t =

1 P opui,t −P opui,t−N
).
N(
P opui,t−N

This way, the length of time between two censuses is taken into account.
The mean of Gi,t is 0.9% and the standard deviation is 1.2%.14 To facilitate
the reading of the results, I multiply Gi,t by 100 in the estimations. Thus,
the coefficient can be interpreted as percentage points.
14

In order not to lose observations for one period, the growth rate in the first year of
observation (1776) is assumed to be the same as in the second year of observation (1820).
However, the main results are robust to dropping the first year of observation.
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TABLE 5.3: B ASELINE RESULTS FOR POPULATION GROWTH

Treaty Ports
Prefecture and Year FE
Controls*Year FE
Dropping Wave I
# Observations
R-squared

(1)
Annual Growth
0.829∗∗∗
(0.105)

(2)
Annual Growth
0.325∗∗
(0.152)
Y

(3)
Annual Growth
0.363∗∗∗
(0.127)
Y
Y

570
0.09

570
0.71

570
0.82

(4)
Annual Growth
0.314∗∗
(0.137)
Y
Y
Y
520
0.85

The table reports the baseline results from the differences-in-differences regressions. Controls include
dummies for silk and tea production areas, distance to the Grand Canal, longitude, latitude, prefecturelevel land taxes in 1820 and whether a prefecture were affected by the Taiping Rebellion.
Standard errors are clustered at the prefecture level. *** Significance at 1%, ** Significance at 5%, *
Significance at 10%.

The baseline differences-in-differences specification is as follows,
Gi,t = βTreatyporti,t +

X
i

γi ∗Ii +

2000
X
t=1820

ρt ∗It +

2000
X

υt Xi ∗It +εi,t ,

(5.1)

t=1820

where Treatyporti,t is a dummy variable equal to 1 if prefecture i is a treaty
port at time t. Ii and It are prefecture and year fixed effects. Xi ∗It are prefecturespecific characteristics interacted with year fixed effects. Xi includes the observables discussed above: dummies for silk and tea production areas, distance to the Grand Canal, longitude, latitude, prefecture-level land taxes in
1820 and whether a prefecture were affected by the Taiping Rebellion.
β can be interpreted as the difference in population growth rates of the
treaty ports group, relative to the control group. The results are presented
in Table 5.3. Standard errors are clustered at the prefecture level. Columns 1
shows the OLS results. Columns 2-3 show the results with and without controls, controlling for fixed effects. Column 4 shows the results after dropping Wave 1. These results show that the population growth rate of the
treaty ports group is about 0.3% higher, which is around 30% of the mean
of the growth rate (0.9%).
To validate the identifying assumption that the trends are parallel for
the treaty ports group and the control group absent the treaty system, I
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employ a strategy similar to the event study as follows,
X

Gi,t =

βτ Treatyporti,τ +

X

γi ∗Ii +

2000
X

ρt ∗It +

t=1820

i

τ ∈{−3,−2,0,1,2+}

2000
X

υt Xi ∗It +εi,t .

t=1820

(5.2)
Here, Treatyporti,τ is a set of five dummy variables which equal 1 if τ
periods have passed since the opening of i, where −3 ≤ τ ≤ 2+, where 2+
refers to two periods or more. One period before the treaty ports system is
left as the comparison group. If the coefficients β−3 and β−2 are not significantly different from 0, the parallel trends assumption is likely to hold.
The results are presented in Table 5.4. Columns 1-2 show the results
with and without controls. Column 3 shows the results after dropping Wave
1. The results from column 1 are also visualized in Figure 5.6. As they
show, the growth rates of the two groups did not differ before the treaty
ports system, but the divergence took place after the treaty ports system.
It takes time for the effect to become significant. On average, two periods
after opening implies a length of about 50 years.15 Thus, the treaty ports
group grew significantly faster 50 years after their opening.
In the previous specification, I examine the average effect one or two
periods and more after the introduction of the treaty ports system. This
specification cannot show the effects in different phases after 1949. To estimate these different effects in different phases, I focus on the data between
1953 and 2000 and run a fixed effects specification as follows,
Gi,t =

2000
X
t=1953

βt Treatyporti ∗It +

X
i

γi ∗Ii +

2000
X

ρt ∗It +

t=1964

2000
X

υt Xi ∗It +εi,t ,

t=1964

(5.3)
where the year of 1964 is left as the comparison group.
The results are presented in Table 5.5. These results show that the advantage of treaty ports disappeared between 1960s and 1980s. As mentioned above, this finding is consistent with historical writings (Murphey,
15

For example, for Wave 1, the observation of two periods is the year of 1910, which is
about 60 years after the implementation of the treaties; for Wave 4, the observation of two
periods is the year of 1953, which is about 40 years after the implementation of the treaties.
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TABLE 5.4: D YNAMIC EFFECTS : COMPARING WITH ONE PERIOD BEFORE OPENING
(1)
Annual Growth
0.033
(0.128)

(2)
Annual Growth
0.112
(0.090)

(3)
Annual Growth
0.140
(0.101)

2 Periods Before

0.069
(0.126)

0.136
(0.090)

0.166
(0.102)

Treaty Period

0.291
(0.287)

0.394∗
(0.216)

0.316
(0.241)

1 Period After

0.234
(0.230)

0.282
(0.223)

0.461∗∗
(0.228)

2 and More Periods After

0.401∗
(0.223)
Y

0.447∗∗
(0.182)
Y
Y

570
0.71

570
0.80

0.374∗
(0.197)
Y
Y
Y
520
0.84

3 Periods Before

Prefecture and Year FE
Controls*Year FE
Dropping Wave I
# observations
R-squared

The table reports results from the “event study” regressions. The coefficients can be interpreted as
changes in population growth of the treaty ports group (relative to the control group), compared to
one period before the treaty ports system. Controls include dummies for silk and tea production areas,
distance to the Grand Canal, longitude, latitude, prefecture-level land taxes in 1820 and whether a
prefecture were affected by the Taiping Rebellion.
Standard errors are clustered at the prefecture level. *** Significance at 1%, ** Significance at 5%, *
Significance at 10%.

1980). However, after the re-opening of the country, the treaty ports group
once more grew significantly faster, as shown by the difference in population growth between 1990 and 2000.16

5.4.2

GDP per capita since 1987

To complement the results with population growth, a similar model using
annual GDP data since 1987 is estimated as follows:
ln GDPpercapitai,t =

2007
X

βt Treatyporti ∗It +

t=1988
2007
X

+

t=1988

2007
X

µt SEZi ∗It +

t=1988

ρt ∗It +

2007
X

υt Xi ∗It +εi,t .

X

γi ∗Ii

i

(5.4)

t=1988

16
Note that the coefficient of TreatyPort*Year2000 measures the effect on population
growth between 1990 and 2000.
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F IGURE 5.6: DYNAMICS OF POPULATION GROWTH BEFORE AND AFTER THE
TREATY PORTS SYSTEM

The horizontal axis measures periods since the treaty period. The average length of one period is about
30 years. The points connected by the solid line indicate changes in population growth of the treaty
ports group (relative to the control group) compared to one period before the treaty ports system,
which is displayed as an effect of 0 to aid the visual analysis.
See column 1 in Table 5.4 for the numbers of these point estimates. The bounds are given from the 95%
confidence intervals, where standard errors are clustered at the prefecture level.

TABLE 5.5: C OMPARING WITH THE YEAR OF 1964
(1)
Annual Growth
0.222
(0.411)

(2)
Annual Growth
0.287
(0.402)

(3)
Annual Growth
-0.006
(0.325)

Treatyport*Year1982

-0.152
(0.374)

-0.206
(0.341)

-0.251
(0.372)

Treatyport*Year1990

0.485
(0.440)

0.442
(0.403)

0.103
(0.458)

Treatyport*Year2000

1.047∗∗
(0.412)
Y

1.048∗∗
(0.407)
Y
Y

285
0.80

285
0.85

0.666∗
(0.343)
Y
Y
Y
260
0.88

Treatyport*Year1953

Prefecture and Year FE
Controls*Year FE
Dropping Wave I
# observations
R-squared

The table reports results from the fixed effects regressions for data between 1953 and 2000. Controls
include dummies for silk and tea production areas, distance to the Grand Canal, longitude, latitude,
prefecture-level land taxes in 1820 and whether a prefecture were affected by the Taiping Rebellion.
Standard errors are clustered at the prefecture level. *** Significance at 1%, ** Significance at 5%, *
Significance at 10%.
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The year of 1987 is left as the comparison group. Instead of showing the
effects year by year, I focus on selected years: 1990, 1995, 2000, 2005 and
2007. To take modern industrial policies into consideration, I also include
the interaction of Special Economics Zones (SEZs) and year fixed effects.
The results are presented Table 5.6. Columns 1-3 report the results for
the log of GDP per capita, whereas columns 4-6 report the results for the
level of GDP per capita. Columns 1-2 show the results with and without
controls and column 3 shows the results after including the interactions of
SEZs and year fixed effects (SEZi ∗It ). The results in columns 1-3 imply that
the growth of GDP per capita has been steadily higher in treaty ports by
since 1990, with a magnitude varying between 20% and 40%. Consistent
with this finding, the results in columns 4-6 show that the difference in the
levels of GDP per capita between the two groups has become larger over
time.

5.5

Using Historical Customs Stations as Instrument

This section exploits the existence of historical Custom Stations as an instrumental variable for treaty ports. The validity of the instrument requires
a strong first stage and the exclusion restriction to hold. First, I show that
having a Historical Customs Station affected the likelihood of becoming
a treaty port. Second, I document that there is no significant relationship
between having a Historical Customs Station and population growth without the treaty system, thus suggesting that the exclusion restriction is likely
to hold. Finally, I compare the second-stage results with those from the
differences-in-differences estimations.
Forty-three Custom Stations were established in the 17th century. Some
of them were established for military reasons and some of them were established to collect taxes from limited inland trade. Figure 5.7 shows the
locations of Native Customs and the treaty ports.
As seen from the map, many of these Historical Custom Stations were
located inland. However, those located along the coast or on the Yangtze
river tended to become treaty ports later. This relationship has been no-
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0.210
(0.162)

(1)
log (GDP per capita)
0.208∗
(0.119)

0.322∗∗∗
(0.114)

0.202
(0.125)

(2)
log (GDP per capita)
0.192∗
(0.100)

0.413∗∗∗
(0.131)

0.331∗∗∗
(0.112)

0.212
(0.127)

(3)
log (GDP per capita)
0.192∗
(0.101)

15345∗∗∗
(5082)

7620∗∗∗
(2537)

4066∗∗
(1936)

(4)
GDP per capita
1094
(1532)

16277∗∗∗
(3537)

7639∗∗∗
(1762)

3672∗∗∗
(1218)

(5)
GDP per capita
1117
(822)

15008∗∗∗
(3776)

7028∗∗∗
(1986)

3283∗∗
(1419)

(6)
GDP per capita
1030
(847)

TABLE 5.6: R ESULTS FOR GDP P ER C APITA

Treatyport*Year1995
0.307∗
(0.158)
0.399∗∗∗
(0.130)

Treatyport*Year1990

Treatyport*Year2000
0.338∗
(0.177)

20913∗∗∗
(4578)
Y
Y

Treatyport*Year2005

18887∗∗∗
(6641)
Y

19171∗∗∗
(4847)
Y
Y
Y
291
0.91

Treatyport*Year2007

0.382∗∗∗
(0.133)
Y
Y

291
0.98

0.311∗
(0.181)
Y

291
0.96

291
0.98

0.395∗∗∗
(0.134)
Y
Y
Y
291
0.91
291
0.96

Prefecture and Year FE
Controls*Year FE
SEZs* Year FE
# observations
R-squared

The table reports results from the fixed effects regressions on GDP per capita. Controls include dummies for silk and tea production areas, distance to the
Grand Canal, longitude, latitude, prefecture-level land taxes in 1820 and whether a prefecture were affected by the Taiping Rebellion. Columns 3 and 6
present the results including the interactions between Special Economic Zones (SEZs) and year fixed effects.
Standard errors are clustered at the prefecture level. *** Significance at 1%, ** Significance at 5%, * Significance at 10%.
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F IGURE 5.7: LOCATIONS OF HISTORICAL CUSTOMS STATIONS AND TREATY
PORTS

Source: Hamashita (2003). Historical Customs Stations were established long before the treaty ports
system. The figure shows that many Historical Customs Stations did not exist for the consideration of
trade. However, for those prefectures on the coast or on the Yangtze River, they are more likely to have
a treaty port if they have a Historical Customs Station.

ticed by historians such as Hamashita (1989). He finds that foreign customs
in the treaty ports usually inherited the bureaucratic structure of the Historical Custom Stations and argues that the Westerners took the Historical
Customs Stations into consideration when deciding the location of treaty
ports. One similar speculation is that these Customs Stations might have
been more likely to be mentioned and recommended when making the decision of treaty ports.
One concern when using the existence of Historical Customs Stations as
an instrumental variable is that those prefectures with Historical Custom
Stations would have developed better even without becoming treaty ports.
To deal with this concern, I carry out two placebo tests to see whether having a Historical Customs Station itself predicts economic development and
the results are presented in Table 5.7. As columns 1-3 show, having a Historical Customs Station was not related to pre-treaty population sizes (the
log of population sizes in 1776 and 1820) or population growth between
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TABLE 5.7: P LACEBO T ESTS ON H ISTORICAL C USTOMS S TATIONS

Sample

Historical Stations
Controls
# observations
R-squared

(1)
Coast/Yangtze

(2)
Coast/Yangtze

(3)
Coast/Yangtze

(4)
Inland

log (popu in 1776)
0.045
(0.152)
Y
57
0.48

ln (popu in 1820)
0.035
(0.151)
Y
57
0.49

Growth 1776-1820
-0.023
(0.039)
Y
57
0.42

Growth 1910-53
-0.356
(0.399)
Y
127
0.24

Columns 1-3 report the impact of having a Historical Customs Station on population growth before
the treaty ports group. Column 4 reports the impact of having a Historical Customs Station within the
inland prefectures. Controls include dummies for silk and tea production areas, distance to the Grand
Canal, longitude, latitude, prefecture-level land taxes in 1820 and whether a prefecture were affected
by the Taiping Rebellion. *** Significance at 1%, ** Significance at 5%, * Significance at 10%.

1776 and 1820. This is because many of these customs were established for
military reasons and inland trade was limited. Another placebo test is to focus on the subsample of inland prefectures and check whether prefectures
with Historical Customs Stations grew faster. The results are presented in
column 4 of Table 5.8, which show that inland prefectures with Historical
Customs Stations did not grow faster.
Given that the exclusion restriction is likely to hold, I perform the firststage regression for the IV strategy as follows:
Treatyporti = π 0 +π 1 HistoricalStationsi +γXi +εi,

(5.5)

where Xi are the same control variables as in the the differences-in-differences
specification.
The second-stage regression for the IV strategy is:
\ i +γ 0 Xi +εi,
Gi = π 00 +π 01 Treatyport

(5.6)

\ i
where Gi is annual population growth after the treaty system and Treatyport
is the result from the first-stage regression.
Table 5.8 presents the estimation results using the existence of Historical Customs Stations as an instrumental variable for the average annual
growth rate between 1910 and 2000. Column 1-2 show that the correlation
between becoming a treaty port and having a Historical Customs Station,
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TABLE 5.8: IV E STIMATION R ESULTS FOR AVERAGE GROWTH BETWEEN 1910 AND 2000
(1)
Historical Stations

0.440∗∗∗
(0.134)

(2)
First Stage
0.446∗∗∗
(0.146)

(3)
Reduced Form
0.286∗∗
(0.137)

Treaty Ports
Controls
# observations
R-squared

57
0.16

Y
57
0.20

Y
57
0.31

(4)
IV Results

0.642∗
(0.322)
Y
57
0.23

The table reports results using the existence of Historical Customs Stations as an instrument for having
a treaty port. Controls include dummies for silk and tea production areas, distance to the Grand Canal,
longitude, latitude, prefecture-level land taxes in 1820 and whether a prefecture were affected by the
Taiping Rebellion.
** Significance at 1%, ** Significance at 5%, * Significance at 10%.

with and without controls. The magnitude is around 0.44. Column 2 is also
the first-stage of the IV strategy. Column 3 presents the reduced-form result: having a Historical Customs Station increased the annual growth rate
by about 0.28%.
Column 4 reports the IV estimation result: the annual population growth
rate of the treaty ports group is about 0.64% higher between 1910 and 2000.
Given that the mean of annual population growth rate in this period is
about 1.56%, the magnitude is also about one third of the mean. This magnitude is comparable to the results from the differences-in-differences specifications.

5.6

Understanding the Long-run Impact

In this section, I present some suggestive evidence on the channels for
the long-run impact. First, to explain the long-run impact on population
growth, I examine birth rates, death rates and migration separately. Second,
to understand the long-run impact on GDP growth, I examine the growth
of different sectors over time.

5.6.1

Birth, Death, Migration and Population Growth

To explain the difference in population growth, I consider birth rates, death
rates and the log of the size of the moving-in population. Since migration
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TABLE 5.9: E XPLAINING THE LONG - RUN IMPACT ON POPULATION

Panel A:
Birth/Death Rates
Treaty Ports

(1)
Birth
-1.051
(1.199)

Prefecture and Year FE
# observations
R-squared
Panel B:
Log(Moving-in Popu.)
Treaty Ports

114
0.01
(1)
Other Prov.
0.909∗∗∗
(0.265)

Prefecture and Year FE
# observations
R-squared

114
0.10

(2)
Birth
-3.462
(3.043)
Y
114
0.88

(3)
Death
-0.084
(0.248)

(2)
Other Prov.
1.446∗
(0.775)
Y
114
0.98

(3)
Own
0.726∗∗∗
(0.218)

114
0.01

114
0.09

(4)
Death
0.098
(1.198)
Y
114
0.59
(4)
Own
0.195
(0.372)
Y
114
0.95

The table reports the impact of having a treaty port on birth rates, death rates and the log of the movingin population sizes. Migrate: Other Prov. refers to the log of the moving-in population sizes from other
provinces. Migrate: Own refers to the log of the moving-in population sizes from the same province.
*** Significance at 1%, ** Significance at 5%, * Significance at 10%.

information is only available for the census in 1990 and 2000, I focus on the
outcomes in these two censuses and employ a fixed effects model similar
to the specification in (3).
To check whether the results of the population growth difference are
due to the reallocation of population between treaty ports and their neighbors in the control group, I also divide the moving-in population into two
groups: moving-in from other provinces and moving-in from the same province.
The results are presented in Table 5.9. Panel A shows the results for birth
rates and death rates. The differences in birth rates and death rates are not
significant after controlling for fixed effects.
However, as shown in panel B, the moving-in population from other
provinces increased dramatically for the treaty ports group. The increase in
these migrants is more than 100% higher than that in the control group. This
finding suggests that better economic opportunities in treaty ports attract
migrants from other places. In contrast, the increase in moving-in population from the same province is not significantly different for the two groups
of prefectures. This finding rejects that the results on population growth divergence are due to a simple reallocation of population between the treaty
ports group and its neighbors in the control group.
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Industrial Mix and GDP Growth

To examine economic activities that lead to the observed GDP growth divergence, I run a similar regression as in (4) for different sectors. The data
stems from statistical year books, where economic activities are divided
into three sectors: the primary sector (agriculture, forestry and fishing), the
secondary sector (light industry and heavy industry) and the tertiary sector
(commerce and service).
The results are presented in Table 5.10. Columns 1-3 show the results
for log of output per capita for each sector, whereas columns 4-6 show the
results for levels of output per capita. As shown, the main driver of the
economic growth advantage of the treaty ports group comes from the commerce and service sector. Since the commerce and service sector is more
labor-intensive and creates more demand for labor, this finding is also consistent with the previous finding on migration from other provinces.

5.7

Conclusions

This paper contributes to a large literature on history and development
by constructing a dataset for understanding the long-run development of
China’s treaty ports. Focusing on a sample of prefectures on the coast or on
the Yangtze River, I find that population sizes grew much faster in the treaty
ports group after it became open to foreign trade and Western institutions.
However, when all parts of China were closed to foreign influence between
1949 and 1978, all prefectures in the sample grew at similar rates. After
China once more began to open up after the 1980s, it was these treaty ports
which were among the first to take advantage of these new globalization
opportunities, as shown by the increase in GDP per capita.
Then, I use modern data to provide suggestive evidence on possible
channels behind these findings. The results suggest that treaty ports have
better survival rates and attract migrants due to more economic opportunities. Moreover, among different economic activities, the commerce and
service sector is the main driver of the long-run advantage of the treaty
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Treatyport*Year2000

Treatyport*Year1995

-0.176
(0.194)

-0.134
(0.178)

-0.160
(0.190)

(1)
log (Agriculture)
-0.174
(0.160)

0.150
(0.287)

0.098
(0.250)

0.074
(0.247)

(2)
log (Industry)
0.253
(0.208)

0.272
(0.199)
Y
291
0.96

0.319∗
(0.188)

0.346∗
(0.176)

0.271
(0.179)

(3)
log (Commerce/Service)
0.219
(0.142)

-498∗
(250)
Y
291
0.86

-417∗
(221)

-256
(180)

-303
(183)

(4)
Agriculture
-88
(101)

9090∗∗
(3786)
Y
291
0.76

7642∗∗
(2987)

3378∗∗
(1415)

1974∗
(1107)

(5)
Industry
510
(961)

10295∗∗∗
(3247)
Y
291
0.76

8119∗∗∗
(2419)

4498∗∗∗
(1285)

2395∗∗
(950)

(6)
Commerce/Service
672
(700)

TABLE 5.10: E XPLAINING THE LONG - RUN IMPACT ON GDP PER CAPITA BY SECTORS

Treatyport*Year2005

0.115
(0.284)
Y
291
0.94

Treatyport*Year1990

Treatyport*Year2007

-0.210
(0.194)
Y
290
0.90

Prefecture and Year FE
# observations
R-squared

The table reports the impact of having a treaty port on the output per capita by sectors.
Standard errors are clustered at the prefecture level. *** Significance at 1%, ** Significance at 5%, * Significance at 10%.
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Appendix

Data Description and Sources
Population sizes for 1776-1953 Population of a prefecture in 10,000.
Source: Cao (2000).
Population sizes for 1953-2000 Population of a prefecture in 10,000.
Source: China Population Census Data. The original data is provided at the
county level. The prefecture-level data is Ag grated from the county-level
information, after considering boundary changes.
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Coastal The indicator of being on the coastal line. Source: CHGIS.
Yangtze The indicator of being on the middle or lower Yangtze River.

Source: CHGIS.
Silk, Tea The indicator of being a silk or tea production area. Source:
Li (1956) and Perkins (1969).
Landtax in 1820 Land tax in taels (unit for silver). Source: Liang (1980).
Longitude, Latitude In degrees. Source: CHGIS.
Distance to Grand Canal

Minimum distance of a prefecture to the

Grand Canal in 10,000 meters. Source: calculated from CHGIS.
Taiping Rebellion The indicator of being affected by the Taiping Rebellion. Source: Luo (1991).
Historical Customs Station

The indicator of having a Historical Cus-

toms Station. Source: Hamashita (1989).
GDP per Capita In RMB. Source: China City Statistical Yearbooks (19882008).
Birth Rates, Death Rates Birth rates and death rates Per 1000 individuals. Source: China Population Census Data.
Moving-in population Calcuated from China Population Census Data.
Output per capita by sector In RMB. Source: China City Statistical
Yearbooks (1988-2008).
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The 57 Prefectures in the Subgroup
With Treaty Ports Changsha Fu, Chaozhou Fu, Chongqing Fu, Dengzhou
Fu, Fuzhou Fu (FZ) Guangzhou Fu, Hangzhou Fu, Hanyang Fu, Jiangning Fu, Jingzhou Fu, Jiujiang Fu, Laizhou Fu, Lianzhou Fu, Nanning Fu,
Ningpo Fu, Qiongzhou Fu, Quanzhou Fu, Songjiang Fu, Suzhou Fu, Taiping Fu (AH), Taiping Fu (GX), Tianjin Fu, Wenzhou Fu, Wuzhou Fu, Yichang
Fu, Zhenjiang Fu.
Without Treaty Ports

Anlu Fu, Anqing Fu, Changde Fu, Changzhou

Fu, Chizhou Fu, Funing Fu, Gaozhou Fu, Hai Zhou, Huai’an Fu, Huangzhou
Fu, Huizhou Fu, Huzhou Fu, Jiaxing Fu, Kuizhou Fu, Leizhou Fu, Luzhou
Fu, Qingzhou Fu, Shaoxing Fu, Taicang Zhou, Taizhou Fu, Tong Zhou,
Wuchang Fu,17 Wuding Fu, Xinghua Fu, Xunzhou Fu, Yangzhou Fu, Yizhou
Fu, Yuezhou Fu, Zhangzhou Fu, Zhaoqing Fu, Zhong Zhou

17

Note that Wuchang Fu should be counted as a treaty port in the modern period, as it
was merged with Hanyang Fu to be the city of Wuhan. Dropping it does not vary the main
results.
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Chapter 6

Weather Shocks, Sweet
Potatoes and Peasant Revolts in
Historical China∗
6.1

Introduction

In recent years, historians and climatologists have found evidence of a link
between weather-induced economic decline and conflict for ancient Egypt
(Fagan, 2009), the Classic Maya culture (Diamond, 2006; Yancheva et al.,
2007) and the Qing and Tang Dynasties in China (Hinsch, 1988; Yancheva
et al., 2007). I contribute to this research by using data covering 267 prefectures over more than four centuries to investigate two questions about his∗

This chapter is forthcoming at Economic Journal. I am indebted to Antonio Ciccone, two
anonymous referees and Torsten Persson whose comments and suggestions substantially
improved the exposition of the paper. The idea of examining the second question (the impact of sweet potatoes) originates from a conversation with Nathan Nunn. Philippe Aghion,
Ying Bai, Davide Cantoni, Shuji Cao, James Fenske, Masayuki Kudamatsu, Dwight Perkins,
Nancy Qian, James Robinson, David Strömberg and the participants at the Asian Economic
History Conference, HiCN Workshop, EEA, LSE Economics History Workshop, STICERD
Work in Progress, IIES and SITE Stockholm provided helpful comments. I thank Wenxin Du
for jointly collecting the grain prices data with me and Carol Shiue for sharing her granary
storage data. Editorial assistance was provided by Christina Lönnblad and financial support was provided by Handelsbanken’s Research Foundations. Any remaining mistakes are
my own.
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torical China. To what extent did weather-induced bad harvests cause civil
conflict? And to what extent did the historical introduction of (droughtresistant) sweet potatoes mitigate these effects? Historical China is a good
testing ground for the link between weather shocks and civil conflict as
there is detailed information on abnormal weather conditions and the occurrence of peasant revolts - my proxy of civil conflict - at the prefecture
level going back to the 15th century. These data show that there was a peasant revolt in 0.22% of all prefecture-years. But when I focus on prefectureyears when there was an exceptional drought, there was a peasant revolt
in 0.58% of prefecture-years. Hence, a peasant revolt at the prefecture level
was almost three times more likely in a drought year. My econometric estimates using fixed-effects models confirm that peasant revolts were more
likely during droughts and show that the effect is statistically significant. I
also find that peasant revolts were more likely in flood years, but the impact
of floods is only about half that of droughts. Weather shocks are usually
thought to affect the likelihood of civil conflict because of the associated
negative income shocks (Keller, 1992; Miguel et al., 2004; Ciccone, 2011).
The lack of systematic agricultural output data for historical China does
not allow me to check the link between abnormal weather conditions and
agricultural production. But as there is prefecture level data on agricultural
prices since the 18th century, I can examine the link between weather and
the prices of wheat and rice, two traditional staple crops in China. I find
that both droughts and floods significantly raised the prices of wheat and
rice, which suggests that droughts and floods decreased the local supply
of these crops. The price effect of droughts is nearly three times that of
floods, which indicates that droughts had more severe negative effects on
local output. This may partly explain why droughts have had more of an
effect on peasant revolts than floods. My finding that droughts were more
likely to trigger peasant revolts than floods is consistent with historians’
argument that droughts were the most important natural disasters driving historical peasant revolts (Xia, 2010). I also analyze whether the link
between abnormal weather conditions and peasant revolts changed with
the introduction of sweet potatoes from the Americas. As is well known,
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sweet potatoes survive bad weather better than wheat and rice and also
provide more calories per unit of land. Moreover, sweet potatoes can be
grown on land that is inappropriate for wheat and rice and are not grown
during the same season (Pomeranz, 2000; Cao, 2005). As a result, the availability of sweet potatoes translates into greater agricultural production, especially in bad weather conditions. To test whether these virtues of sweet
potatoes lead to a weaker link between weather conditions and peasant revolts, I collect data on the adoption and diffusion of sweet potatoes across
different provinces (provinces are collections of prefectures). Before the introduction of sweet potatoes, I find that there was a peasant revolt in 0.78%
of prefecture-years with an exceptional drought. After the introduction of
sweet potatoes, there was a peasant revolt in only 0.26% of prefecture-years
with an exceptional drought. These comparisons suggest that the adoption
of sweet potatoes might have mitigated the impact of droughts. This is confirmed by my econometric estimates using fixed-effects estimates. One potential concern is that the mitigating effect of sweet potatoes captures the
role of omitted variables. For example, better institutions might lead to the
adoption of new crops as well as fewer revolts. I argue that the adoption
of sweet potatoes was determined by the distance from the Chinese region
where there were first adopted rather than prefecture governance and conduct tests to check whether the adoption of sweet potatoes was correlated
with the (few available) proxies for development and economic policy. I do
not find a statistically significant correlation between the timing of sweet
potatoes adoption on the one hand and population density and land tax
rates on the other for example. I also show that the timing of sweet potatoes adoption is not correlated with previous local revolts. Another concern
is that the mitigating effect of sweet potatoes may capture time trends. For
example, state authorities might have become more efficient in preventing
revolts over time. To deal with this concern, I allow the effect of droughts
on revolts to change over time by controlling for an interaction between
droughts and a linear time trend. This does not change the baseline results.
I also perform a so-called placebo test with maize, which was introduced
in China around the same time period as sweet potatoes but had a different
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diffusion path across regions. If the adoption of new crops were driven by
prefecture governance effects that are correlated with the outbreak of civil
conflict, maize should also have an equivalent mitigating effect on the link
between droughts and peasant revolts. I do not find this to be the case. My
analysis contributes to the literature on the historical link between droughts
and civil conflict, see Fagan (2009), Diamond (2006), Davis (2001), Yancheva
et al. (2007), and Bai and Kung (2011) for example. So far this literature has
relied exclusively on time series variation to estimate the effect of droughts
on civil conflict. One important advantage of my panel data approach is
that it allows me to examine the effect of drought shocks controlling for
other global drivers of conflict. Within the literature on the historical link
between droughts and civil conflict, my work is most closely related to Bai
and Kung who examine the effect of droughts on wars between Han China
and nomadic tribes of Central Asia, Mongolia, and Eastern Europe using
time-series data for more than two thousand years. My work also relates
to the literature on the effect of weather shocks on civil conflict using modern panel data (Miguel et al., 2004; Jensen et al., 2009; Besley and Persson,
2009; Ciccone, 2011; Ferrara and Harari, 2012).1 The link between rainfall
and civil conflict in modern panel data has been examined using two main
empirical specifications. Miguel et al (2004) link civil conflict to year-onyear changes in rainfall and examine whether civil conflict is more likely
when rainfall drops from one year to the next. On the other hand, Ciccone
(2011) links civil conflict to rainfall levels and examines whether conflict
is more likely following droughts. My specification is more closely linked
to Ciccone (2011).2 An important advantage of my work compared to the
modern panel data literature on the effect of economic shocks on civil con1

Besides weather shocks, the literature that links civil conflict to shocks using modern
panel data also explores other types of exogenous economic shocks such as shocks to commodity prices (Bruckner and Ciccone, 2010; Dube and Vargas, forthcoming) and foreign aid
(de Ree and Nillesen, 2009; Dube and Naidu, 2010; Nunn and Qian, 2012).
2
Ciccone shows that the specification where conflict is caused by year-on-year weather
changes is a special case of the specification where conflict is caused by weather levels, and
that the two specifications can therefore be tested against one another. My data indicate that
peasant revolts were driven by bad weather rather than year-on-year changes in weather to
the worse.
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flict is that I have data for a much longer period of time (over four centuries
compared to periods of 20 to 30 years).
My analysis also contributes to evaluating the consequences of the Colombian exchange – the historical exchange of crops, diseases and ideas between the New World and the Old World. For example, Nunn and Qian
(2011) show that the introduction of potatoes had a significant impact on
population growth and urbanization in Europe.3 My findings indicate that
the Columbian exchanges also ended up affecting the likelihood of civil
conflicts in China.4
The rest of the paper is organized as follows. Section 6.2 provides a
discussion of the historical background, including the existing research by
historians on weather shocks and peasant revolts as well as the diffusion of
sweet potatoes. Section 6.3 describes the data. Section 6.4 presents the empirical strategy and the main results. Section 6.5 reports robustness checks
regarding the mitigating impact of sweet potatoes. Section 6.6 concludes
the paper.

6.2
6.2.1

Historical Background
Weather Shocks and Peasant Revolts

During its long history as an agrarian society, China was very vulnerable to
adverse changes in weather. The link between weather changes and peasant revolts was already mentioned by influential Chinese historian Deng
Tuo, who pointed out that “the repeated occurrence of peasant revolts, regardless of their range or duration, is triggered by famine, i.e., triggered by
natural disasters. This has become a rule of history” (Deng, 1937). Ecologists were the first to try and test the correlation between weather and war3
Their identification strategy exploits suitability data from FAO-GAEZ. In the case of
sweet potatoes in China, the suitability data differ greatly from real cultivation: only South
China is suitable for sweet potatoes in the FAO-GAEZ data but sweet potatoes have been
cultivated across China since their adoption. Hence, I cannot use the same identification
strategy. Instead I explore the variation in the adoption timing.
4
A recent working paper examines the effect of potatoes on conflict in Europe (Iygun et
al., 2012).
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fare in China. For instance, Zhang et al., (2007) show that almost all peaks of
conflict frequency and dynastic change in China over the last millennium
occurred in cooling phases. Bai and Kung (2011) focus on Sino-Nomadic
wars and find that they were more likely during droughts. My analysis differs from this previous work in focusing on peasant revolts, which are the
majority of recorded civil conflicts and are a relatively homogenous type of
conflict, and examining the link between weather and conflict at the local
(prefecture) level.

6.2.2

Sweet Potatoes in China and Their Impact

Sweet potatoes are native to the tropical parts of South America and were
brought into China in the mid-17th century from Burma, Malaysia and
Vietnam. They gradually moved from the South to the North of China and
eventually became widely spread. In the 1920s, China produced over onefourth of all sweet potatoes in the world and today the share is over 90 percent (FAO, 2010). The advantages of sweet potatoes over wheat and rice,
the traditional staple food in China, are well known (Xu, 1628; Cao, 2005;
Song, 2007). Sweet potatoes are drought resistant and have higher yields
per unit of land than rice and wheat. Moreover, sweet potatoes can grow
on land of relatively poor quality and are usually cultivated in a different
season than rice and wheat (Pomeranz, 2000; Cao, 2005). These properties
of sweet potatoes imply that they allow farmers to both reduce downside
risk and increase yields in good times. A historical literature has attributed
rapid population growth in China during the Ming and Qing Dynasties to
these “insurance” and “productivity” effects of sweet potatoes (Ho, 1979).
But it remains unclear how much sweet potatoes contributed to China’s
population growth quantitatively (Lee, 1982). It is worthwhile mentioning
that the mitigating effect of sweet potatoes on the link between droughts
and peasant revolts may arise because sweet potatoes provided insurance
during droughts but also because the productivity effect of sweet potatoes
allows farmers to build a larger buffer stock of food. However, the latter
effect might dissipate over time, as population catches up with the greater
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supply of food.
Despite their widespread use as food, sweet potatoes are considered to
be poor man’s food in China, both historically and today (Simoons, 1991).
Xu (1628) explains that sweet potatoes can help people survive in years
of crop failure, whereas they can be turned into alcohol in years of good
harvest. Buck (1937) provides the earliest quantitative document of sweet
potato consumption in China. He conducted a detailed survey of 16786
farms in rural villages across China in the 1920s, where sweet potatoes were
mentioned by 84% of the farm families. When people were asked why they
decreased their consumption of sweet potatoes as compared to the previous year, 100% answered that they switched to rice or wheat. According to
the historical literature, sweet potatoes were introduced in China by Chinese businessmen working in Southeast Asia. They brought sweet potatoes
to China when they realized that this crop survived droughts (Chen, 1981;
Wang et al., 2010).
Sweet potatoes then moved slowly across nearby regions. Therefore,
the adoption timing of sweet potatoes was closely related to the distance
from the Chinese region where it was first adopted. Central government
promotion appears to have played a role only since the mid-18th century
(Chen, 1981; Wang et al., 2010).

6.3

Data

I now describe my data sources for two dependent variables (peasant revolts and grain prices), two main independent variables of interest (weather
shocks and the diffusion of sweet potatoes) and a few control variables. The
data on the location of peasant revolts and weather shocks is available at
the prefecture level between 1470 and 1900 whereas the data on grain prices
is available at the prefecture level between 1750 and 1900. The timing of the
adoption of sweet potatoes is only available at the provincial level.
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6.3.1

Peasant Revolts

My data source for peasant revolts is a multi-volume book entitled “Chronology of Warfare in Dynastic China” (The Editing Committee of China’s Military History 1985). Revolts are listed by year with information on where a
revolt took place, who the leaders were, and a brief summary of the spread
and result of the revolt. The same data source has been used in existing
studies on climate shocks and wars such as Zhang et al. (2007) and Bai and
Kung (2011). Zhang et al. (2007) summed all wars together, whereas Bai and
Kung (2011) focus on Sino-Nomadic wars. I focus on civil conflict, particularly peasant revolts. To give an example of a typical revolt, the Rebellion of
Li Zhen in Yanshan is presented as follows. “In September of the thirteenth
year of Emperor Zhengde (the year of 1518), Li Zhen and other peasants in
Yanshan, Jiang Xi Province revolted and occupied the county capital. The
number of participants was nearly 3,000. The provincial governor, Sun Sui,
commanded vice governor Wang Lun and the army to suppress the revolt.
Li Zhen was killed and the revolt failed.”
The example represents the descriptions of most of the revolts, although
some do not include the number of participants. As illustrated by this example, the descriptions allow me to identify when and where the revolt
happened as well as the parties. Unfortunately, there is neither information about the severity of the revolts, such as the number of casualties for
example, nor information about the causes of the revolts. The two parties
in a peasant revolt are a group of peasants and the local or central government. This feature of peasant revolts corresponds to the definition of
modern civil conflict. For example, most of the existing empirical studies
on modern civil war rely on the Correlates of War (COW) dataset or the
UCDP/PRIO dataset. In order to be classified as a civil war in the COW
dataset, the central government should be actively involved in military action with effective resistance on both sides, and there should be at least
1000 battle related deaths during the civil war. In the UCDP/PRIO dataset,
conflict is defined as a contested incompatibility that concerns government
and/or territory where the use of armed forces between two parties, of
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TABLE 6.1:
Summary Statistics: Prefecture by Year data
Mean

s.d.

Min

Max

Obs.

Period

0.22
176.40
125.59
314.23
229.23

4.73
77.33
53.42
113.97
74.71

0
27
11
107
56

100
1680
1092
1070
646

111199
23276
23276
4389
4389

1470-1900
1750-1900
1750-1900
1750-1900
1750-1900

Panel B: Independent Variables of Interest
Exceptional Droughtc
0.06
Exceptional Floodc
0.06
Limited Droughtc
0.14
Limited Floodc
0.17
Sweet Potatod
0.44

0.24
0.25
0.35
0.37
0.50

0
0
0
0
0

1
1
1
1
1

111199
111199
111199
111199
111199

1470-1900
1470-1900
1470-1900
1470-1900
1470-1900

Panel C: Control Variables (time-invariant)
Longitude e
111.65
Latitudee
30.55
Agricultural Suitabilityf
0.82

5.68
4.97
0.33

95.79
20.01
0

121.54
40.97
1

111199
111199
107320

Panel A: Dependent Variables
Revolts*100a
Wheat Price: Upper Boundb
Wheat Price: Lower Boundb
Rice Price: Upper Boundb
Rice Price: Lower Boundb

Data Sources and Notes:
a. The Editing Committee of China’s Military History (1985).
b. Wang (2009). Prices are measured by Tales per 100 Dan. The prices refer to August prices and rice
refers to mid-grade rice.
c. The State Meteorological Society (1981).
d. Guo (1979).
e. China Historical GIS: http://www.fas.harvard.edu/ chgis/
f. Ramankutty et al. (2002).

which at least one is the government of a state, results in at least 25 battlerelated deaths. Most of the peasant revolts in my data were local and were
very quickly suppressed by the government. Hence, the average scale of
a peasant revolt might be smaller than the average scale of a modern civil
war.
In most cases there was at most one peasant revolt in a prefecture within
one year. Only in a few rare cases did a revolt lead to repeated battles within
a prefecture within one year, in which case I still count them as one. This
yields 249 peasant revolts between 1470 and 1900. The summary statistics
for peasant revolts expressed in percentage points are presented in Panel A
of Table 6.1, with a mean of 0.22 percentage points.
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Grain Prices

Historical data on grain yields across China is currently not available. However, there is monthly prefecture-level grain prices data since the 1750s.
Since 1736, provincial government officials were required to report grain
prices in each prefecture within their province. Thanks to more than thirty
years of work by Yeh-chien Wang, data from the archives has become a
complete database (Wang, 2009). The data starts from 1736 but is very incomplete before the 1750s. Part of the data has been used in Keller and
Shiue (2007) to examine the market integration of China in the 18th century. The price data includes information on both the upper bound and the
lower bound of prices in every month. The summary statistics for prices of
wheat and mid-grade rice in the month of August are presented in Panel A
of Table 6.1.5

6.3.3

Weather Shocks

Historical weather data comes from the State Meteorological Society (1981),
which provides annual information on the weather for locations throughout China back to 1470. This data source was also used in Keller and Shiue
(2007). A systematic record of rainfall began as early as in the Tang Dynasty (618-907 A.D.). At least from the 17th century onward, the collection
of weather reports at the prefecture level had become standard government
practice. The sources of weather indicators for the historical period in the
State Meteorological Society (1981) include rainfall records from weather
stations, official documents in the two dynasties (the Veritable Records of
the Ming and Qing Dynasties, the History of the Ming Dynasty and the
Qing Dynasty), as well as more than 2200 local gazetteers. This data contains a variable denoted dryness, which is a discrete indicator of the degree
of wetness and aridity, due to floods, droughts, monsoons, or rainfall. Normal weather is indicated by the number 3. Exceptional floods and excep5

I focus on August because it is after the harvest season. The results below are robust
to using price data in other months. The observations of rice prices are fewer than those of
wheat because rice was mainly grown in South China.
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tional droughts are indicated by the numbers 1 and 5 respectively whereas
limited floods and limited droughts are indicated by the numbers 2 and
4 respectively. The indicators are assigned by the meteorologists based on
the measurements of the closest weather stations. On average, one weather
station roughly covers about two prefectures. In the prefecture-year data,
the distribution of the weather indicators is close to symmetric, with about
6.1% exceptional droughts (the indicator is 5), 6.5% exceptional floods (the
indicator is 1), 14.3% limited droughts (the indicator is 4), 17% limited
floods (the indicator is 2) and 56.4% normal weather.6 The summary statistics of the weather conditions are presented in Panel B of Table 6.1.

6.3.4

Diffusion of Sweet Potatoes

Guo (1979) presents information on the time of the adoption of sweet potatoes and maize in different provinces, as well as the cultivation of these
crops in the mid-18th century. I also use a second source (Wu, 1983) for
adoption to double check the consistency. The two sources provide consistent information on sweet potatoes and maize, except for the time of the
adoption of sweet potatoes in Yunnan Province. Below, I only present the
results using the information from Guo (1979), but my results are robust to
the exclusion of Yunnan Province. Figure 6.1 illustrates the timing of diffusion where I distinguish four waves of adoption: Wave I from the 1570s
to the 1600s; Wave II from the 1600s to the 1630s; Wave III from the 1730s
to the 1760s; Wave IV for the single province with no record of sweet potatoes by the 1760s. The exact years are listed in Table 6.2. Roughly speaking,
provinces in the South had adopted sweet potatoes by the mid-17th century (the late Ming dynasty), whereas provinces in the North had adopted
sweet potatoes by the mid-18th century (the mid-Qing dynasty).
6
Normal weather also includes the cases when the weather indicators were not assigned
because abnormal weather was identified with priority in the historical records used in
the State Meteorological Society (1981). Dropping them does not affect the main results on
the strong and positive impact of droughts on revolts and the mitigating effect of sweet
potatoes. But the positive effect of floods on revolts becomes even weaker, which is also
consistent with the historians’ emphasis on the role of droughts in revolts.
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F IGURE 6.1: Adoption Timing of Sweet Potatoes
Notes: In the first wave, Yunnan in the southwest adopted sweet potatoes from Burma whereas
provinces in the southeast adopted them from Vietnam and Malaysia.

TABLE 6.2:
The Number of Revolts and the Adoption Timing by Province
Province
Yunnan
Guangdong
Fujian
Jiangsu
Zhejiang
Sichuan
Guangxi
Jiangxi
Hubei
Henan
Shandong
Hunan
Shaanxi
Zhili
Guizhou
Shanxi
Anhui
Gansu

Total Revolts
11
26
8
7
6
22
20
14
18
15
16
17
14
7
26
5
6
11

Adoption Year
1576
1580
1593
1608
1608
1733
1736
1736
1740
1743
1742
1746
1746
1748
1752
1756
1768
NA

Dynasty
Ming
Ming
Ming
Ming
Ming
Qing
Qing
Qing
Qing
Qing
Qing
Qing
Qing
Qing
Qing
Qing
Qing
Qing

Notes: The province of Gansu did not adopt sweet potatoes in the data. Ming Dynasty started in 1368
and ended in 1644 whereas Qing Dynasty started in 1644 and ended in 1911.
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Control Variables

In my estimations, I control for the interaction of a few spatial characteristics of prefectures with a linear time trend to take into account their impacts over time. These characteristics include from longitude and latitude
obtained from Chinese Historical GIS (CHGIS, 2007) as well as suitability of
agriculture used in Ramankutty et al., (2002).7 The summary statistics for
these variables are reported in Panel C of Table 6.1. They show that over
82% of the prefectures are suitable for agriculture.

6.4

Estimation Strategy and Main Results

I first examine the impact of weather shocks on peasant revolts, where I
also link weather shocks to grain prices. Then, I investigate whether the
introduction of sweet potatoes mitigated the impact of weather shocks on
revolts.

6.4.1

The Impact of Weather Shocks

To examine how weather shocks affect the likelihood of revolts, I employ a
linear-probability model linking peasant revolts to weather shocks:
Rit = β1 Dit + β2 Fit + β3 LDit + β4 LFit + αi + γt + εit ,

(6.1)

where Rit is a dummy indicating whether there is a revolt in prefecture
i and year t. Dit and Fit are dummy variables for exceptional droughts
(the weather indicator is 5) and exceptional floods (the weather indicator
is 1) in prefecture and year . Similarly, LDit and LFit are dummy variables
for limited droughts (the weather indicator is 4) and limited floods (the
weather indicator is 2).
αi and γt denote prefecture fixed effects and year fixed effects. Prefecture fixed effects control for all time-invariant differences between prefectures. Year fixed effects control for time-variant changes that affect all pre7

This suitability information is not available for nine prefectures.
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fectures similarly. I also control for the interactions of observable prefecture
characteristics with a linear time trend (Xi t). Xi is a vector of spatial characteristics of prefectures including longitude, latitude and suitability of agriculture. Instead of Xi t, I can control for prefecture-specific time trends by
including the interactions of prefecture dummies and a linear time trend
(prefi t ). This way, I allow the estimates to take into account widening
differences across regions during the long time horizon of this study. To
take care of autocorrelation concerns of weather shocks, standard errors
are clustered at the weather station level.8
The results are presented in Table 6.3. To facilitate the reading of the
regression tables, the dependent variable is multiplied by 100. Thus, the
coefficients can be interpreted as the probability of revolts expressed in
percentage points. Column 1 shows the OLS result without controlling for
any fixed effects. Column 2 shows the result after controlling for prefecture
and year fixed effects. Column 3 presents the result after controlling for the
interactions of observable prefecture characteristics and a linear time trend
(Xi t) whereas column 4 presents the results controlling for prefecture-specific
time trends (prefi t).9 The estimates are stable across different specifications.
On average, an exceptional drought and an exceptional drought flood increased peasant revolts by about 0.46 percentage points and 0.18 percentage points respectively. These results also show that the impacts of limited
droughts and floods were smaller than exceptional droughts and floods,
suggesting that the data on weather shocks is reasonable.
The finding that the impact of droughts on revolts is more than twice
that of floods is consistent with qualitative historical studies. For instance,
Xia (2010) argues that droughts were the most important natural disasters
that affected peasant revolts in historical China because they affected larger
8
The results are robust to clustering standard errors at different levels. See Table A.6 in
the web appendix for standard errors clustered at the province level, the year level as well
as two-way clustered at both the province and the year level.
9
Because Xi t is redundant once prefi t is included, I only present the results after controlling for Xi t in the sections below. Including prefi t instead of Xi t does not change the
results.
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TABLE 6.3:
The Impact of Weather Shocks on Revolts
(1)
Revolts
0.429∗∗∗
(0.060)

(2)
Revolts
0.470∗∗∗
(0.103)

(3)
Revolts
0.464∗∗∗
(0.107)

(4)
Revolts
0.476∗∗∗
(0.104)

Exceptional Flood

0.121∗∗
(0.059)

0.201∗∗∗
(0.070)

0.182∗∗∗
(0.069)

0.211∗∗∗
(0.071)

Limited Drought

0.234∗∗∗
(0.042)

0.298∗∗∗
(0.076)

0.277∗∗∗
(0.071)

0.307∗∗∗
(0.078)

0.077∗
(0.039)

0.142∗∗∗
(0.044)
Y

0.130∗∗∗
(0.044)
Y
Y

0.151∗∗∗
(0.044)
Y

86
111199

86
107320

Exceptional Drought

Limited Flood
Prefecture and Year FE
Controls*Year
Pref. Dummy*Year
# clusters
# observations

111199

Y
86
111199

Notes: The dependent variable is 0 or 100 and hence the coefficients can be interpreted as percentage
points. Exceptional Drought (or Exceptional Flood) is set at 1 when the weather indicator is 5 (or 1).
Limited Drought (or Limited Flood) is set at 1 when the weather indicator is 4 (or 2). The controls
include longitude, latitude and agricultural suitability. Controls*Year indicates the interactions of these
controls and a linear time trend and Pref. Dummy*Year indicates prefecture-specific time trends.
Reported in parentheses are standard errors clustered at the weather station level in columns 2-4. *
Significant at 10%, ** 5%, *** 1%.

areas and lasted longer than floods.10 On top of this, droughts did not kill
people directly as floods often did, leaving hungry and motivated peasants
for revolts.
Table 6.4 presents the results when I also include lagged weather conditions as determinants of peasant revolts.11 Column 1 shows that an exceptional drought increases the probability of revolts one year later by about
0.3 percentage points. The specification in column 1 imposes that the marginal
effect of weather in year t is independent of weather in year t − 1. I test the
validity of this hypothesis by allowing for interaction effects between current and lagged weather shocks. As shown in column 2, none of these interactions have a significant impact on revolts and the estimated coefficients
are also jointly insignificant (with a p-value of 0.80), which suggests that
10

The conjecture that droughts were more persistent than floods is confirmed by the results in Table A.1 in the web appendix.
11
Table A.1 in the web appendix reports the persistence of droughts/floods, and Table
A.2 reports the impact of different combinations of the lags and leads.
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TABLE 6.4:
The Impact of Lagged Weather Conditions
(1)
Revolts
0.415∗∗∗
(0.100)

(2)
Revolts
0.372∗∗∗
(0.126)

Exceptional Flood t

0.187∗∗∗
(0.068)

0.243∗∗
(0.096)

Limited Drought t

0.267∗∗∗
(0.071)

0.309∗∗∗
(0.086)

Limited Flood t

0.130∗∗∗
(0.044)

0.131∗∗
(0.052)

Exceptional Drought t-1

0.283∗∗∗
(0.091)

0.320∗∗
(0.133)

Exceptional Flood t-1

-0.034
(0.055)

-0.021
(0.067)

Limited Drought t-1

-0.050
(0.045)

-0.036
(0.042)

Limited Flood t-1

-0.006
(0.040)

0.010
(0.047)

Exceptional Drought t

Exceptional Drought t * Exceptional Drought t-1

0.037
(0.261)

Exceptional Drought t * Limited Drought t-1

0.104
(0.226)

Limited Drought t * Exceptional Drought t-1

-0.163
(0.213)

Limited Drought t * Limited Drought t-1

-0.115
(0.108)

Exceptional Flood t * Exceptional Flood t-1

-0.113
(0.160)

Exceptional Flood t * Limited Flood t-1

-0.164
(0.151)

Limited Flood t * Exceptional Flood t-1

-0.004
(0.119)

Limited Flood t * Limited Flood t-1
Prefecture and Year FE
Controls*Year
# observations
Joint Significance of the Interactions

Y
Y
107068

-0.010
(0.084)
Y
Y
107068
p = 0.80

Notes: The specification is the same as column 3 in Table 3 except that lagged weather conditions and
their interactions with current weather conditions are also included.
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the specification in column 1 is valid. The results in column 1 also indicate
that peasant revolts were caused by bad weather rather than year-on-year
changes in weather to the worse. To see this, note that if peasant revolts
were caused by year-on-year changes in weather to the worse, the effect of
a lagged exceptional drought should be equal to minus the effect of a current exceptional drought – as the two scenarios imply changes in weather
of the same magnitude but opposite sign. Hence, if exceptional droughts
in year t increase the probability of peasant revolts in year t, exceptional
droughts in year t − 1 should decrease the probability of revolts in year t .
But this is not the case in my data as the impact of a current and a lagged
exceptional drought are both significantly positive. Analogous implications
regarding limited droughts, exceptional floods and limited floods are also
rejected by the results in column 1.12
To further test the impacts of droughts and floods, I link weather shocks
to grain prices between 1750 and 1900. The relationship between weather
shocks and grain prices will help us understand the channel through which
weather shocks affect peasant revolts. The empirical specification for the
price effects of weather is analogous to (6.4.1),

ln Pit = β1 Dit + β2 Fit + β3 LDit + β4 LFit + δi Xi t + αi + γt + εit ,

(6.2)

where ln Pit is the log of the wheat and rice prices. As prices are in logs, βi
is approximately equal to the percentage change in prices due to weather
shocks. As in equation 6.4.1, I also control for prefecture and year fixed
effects as well as the interactions of prefecture characteristics and a linear
time trend.
The results are presented in Table 6.5. Columns 1-2 present the results
for the upper bound of the wheat price using fixed effects regressions with
12

The hypothesis that the effect of a current exceptional drought is equal to minus the
effect of a lagged exceptional drought is rejected with a p -value very close to 0. Analogous
implications for limited droughts, exceptional floods, and limited floods are rejected with
p-values of 0.005, 0.089, and 0.033 respectively. The four hypotheses are jointly rejected with
a p-value very close to 0.
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Exceptional Drought

TABLE 6.5:
(4)
Wheat: Lower
0.099∗∗∗
(0.015)

(5)
Rice: Upper
0.079∗∗∗
(0.019)

0.033∗∗∗
(0.008)

(6)
Rice: Upper
0.076∗∗∗
(0.018)

0.034∗∗∗
(0.011)

(7)
Rice: Lower
0.051∗∗∗
(0.017)

0.033∗∗∗
(0.012)

0.033∗∗∗
(0.012)

(8)
Rice: Lower
0.054∗∗∗
(0.017)

Weather Shocks and Prices of Wheat and Rice in August (1750-1900)
(3)
Wheat: Lower
0.099∗∗∗
(0.014)

0.035∗∗∗
(0.008)

0.035∗∗∗
(0.011)

(2)
Wheat: Upper
0.105∗∗∗
(0.014)

0.045∗∗∗
(0.012)

0.052∗∗∗
(0.010)

(1)
Wheat: Upper
0.107∗∗∗
(0.013)
0.048∗∗∗
(0.011)

0.055∗∗∗
(0.011)

0.037∗∗∗
(0.011)

0.047∗∗∗
(0.010)

0.038∗∗∗
(0.011)

Exceptional Flood
0.052∗∗∗
(0.010)

0.046∗∗∗
(0.010)

Limited Drought

0.020∗∗
(0.009)
Y

0.053∗∗∗
(0.010)

Limited Flood

0.030∗∗∗
(0.008)
Y

0.031∗∗∗
(0.010)
Y

0.034∗∗∗
(0.008)
Y

28
4012

0.024∗∗∗
(0.008)
Y
Y
28
4004
28
4012

0.028∗∗∗
(0.008)
Y
Y
28
4004
79
22151

0.032∗∗∗
(0.010)
Y
Y
78
21465

79
22151

0.034∗∗∗
(0.008)
Y
Y
78
21465

Prefecture and Year FE
Controls*Year
# clusters
# observations

Notes: The dependent variables are in logs. Columns 1-4 are the results for wheat prices. Columns 5-8 are the results for mid-grade rice. Exceptional
Drought (or Exceptional Flood) is set at 1 when the weather indicator is 5 (or 1). Limited Drought (or Limited Flood) is set at 1 when the weather indicator
is 4 (or 2). The controls include longitude, latitude and agricultural suitability. Controls*Year indicates the interactions of these controls and a linear time
trend.
Reported in parentheses are standard errors clustered at the weather station level. * Significant at 10%, ** 5%, *** 1%.
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and without controlling for the interactions of prefecture characteristics
and time trends. In addition, columns 3-4 present the results for the lower
bound of wheat price. The corresponding results for the price of rice are
shown in columns 5-8. The impacts of exceptional droughts and floods are
larger than those of limited droughts and floods, which once again confirms that the weather indicator contains useful information on weather
conditions. On average, an exceptional drought increased the upper bound
of wheat price by about 10.5% while an exceptional flood increased the upper bound wheat price by about 3.7%. Similarly, droughts increased the
upper bound of rice price by about 7.6% while floods increased the upper
bound of rice price by about 3.3%. Hence, the impact of droughts is nearly
three times that of floods (in terms of wheat). This quantitative finding contributes to historical studies on why floods have less of an effect on peasant
revolts than droughts.

6.4.2

The Mitigating Impact of Sweet Potatoes

Before evaluating the impact of sweet potatoes, one would like to know
more about the relationship between the timing of adoption and provincial economic development as well as governance. Information on China’s
regional development in the 16th century is very limited and often only
available for a certain year. Liang (1981) provides provincial population
sizes and population density in 1578. Huang (1974) is one of the most influential historical works on government finance and taxation in this period.
The author cites data from the official governmental records on land area
and land tax revenues in 1578. The information on population, taxation,
weather and revolts before the adoption provides some observable provincial characteristics. I check the correlations between these characteristics
and the adoption timing using the following OLS regression:
Adoptt = ΠCp + ξp ,

(6.3)

where Cp is a vector including three sets of provincial characteristics: (1)
the number of revolts 100 years (and 50 years) before the adoption divided
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by population size in 1578; (2) the share of exceptional droughts and exceptional floods 100 years (and 50 years) before the adoption and (3) population density; land tax rates and land tax per capita in 1578.13
The correlations are presented in Table 6.6. Columns 1-3 present the results using the adoption year as the dependent variable, whereas columns
4-6 present the results using the order of adoption as the dependent variable. The results from a limited of number of observations suggest that
there are no statistically significant correlations between these characteristics and the adoption timing. Nevertheless, I will also control for the interactions of droughts and these characteristics as a robustness check when
I examine the impact of sweet potatoes.
The strategy to examine the impact of sweet potatoes is similar to a
differences-in-differences (DD) strategy. The specification is as follows:
Rit = β1 Dit + β2 Fit + β3 Dit ∗ Sit + β4 Fit ∗ Sit
+β5 LDit + β6 LFit + β7 LDit ∗ Sit + β8 LFit ∗ Sit
+β9 Sit + δi Xi t + αi + γt + εit ,

(6.4)

where Sit is set at 1 for all years after the time of the adoption in prefecture i.14
β1 (or β2 ) measures the effect of exceptional droughts (or exceptional
floods) before the introduction of sweet potatoes. β3 (or β4 ) measures the interaction effect of sweet potatoes and exceptional droughts (or exceptional
floods), i.e., the difference in the impacts of exceptional droughts (or exceptional floods) in prefectures that have adopted sweet potatoes and in those
that have not yet adopted. β5 to β8 are analogous for limited droughts and
floods.
The results are presented in Table 6.7. The dependent variable and the
13

Land is measured in Mu (about 667 square meters) and the value of land tax is measured in Dan (about 90 kilograms).
14
I use prefecture-level data in the main specification. The data can aggregated horizontally (province-year data) and vertically (prefecture-decade data) to check for consistency.
These estimation results are presented in Tables A.4 and A.5 in the web appendix.

-0.015
(0.019)
-0.012
(0.083)
17

Land Tax Per Capita

Land Tax Rate

17

-0.165
(0.640)

(4)
Order
0.075
(0.804)

17

-0.718
(0.640)

1.539
(0.896)

-0.914
(1.052)

0.393
(1.356)

0.601
(0.757)

(5)
Order
-0.676
(0.865)

0.106
(0.610)
17

-0.159
(0.141)

0.103
(0.138)

-0.598
(0.795)

1.408
(0.983)

-1.843
(1.427)

1.321
(1.776)

0.722
(0.922)

(6)
Order
-0.689
(1.119)

Notes: The table shows there to be no systematic correlations between the adoption timing of sweet potatoes and provincial characteristics, including (1)
the number of revolts 100 years (and 50 years) before the adoption divided by population size in 1578; (2) the share of exceptional droughts and floods 100
years (and 50 years) before the adoption and (3) population density, land tax rates and land tax per capita in 1578.
* Significant at 10%, ** 5%, *** 1%.

# observations

0.012
(0.019)

Popu Density

17

-0.103
(0.083)

Exceptional Flood Likelihood 50 Years Before

17

0.218
(0.134)

0.233∗
(0.116)

Exceptional Flood Likelihood 100 Years Before
-0.099
(0.108)

-0.185
(0.194)

-0.110
(0.137)

0.023
(0.241)

-0.044
(0.125)

(3)
Year
0.050
(0.152)

Exceptional Drought Likelihood 50 Years Before

-0.052
(0.098)

(2)
Year
0.043
(0.112)

-0.047
(0.176)

-0.123
(0.087)

(1)
Year
0.125
(0.109)

Exceptional Drought Likelihood 100 Years Before

Revolt Likelihood 50 Years Before

Revolt Likelihood 100 Years Before

TABLE 6.6:
Correlations between Adoption Timing and Provincial Characteristics
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TABLE 6.7:
The Mitigating Effect of Sweet Potatoes
(1)
Revolts
-0.420∗∗∗
(0.123)

(2)
Revolts
-0.465∗∗
(0.183)

(3)
Revolts
-0.568∗∗∗
(0.183)

(4)
Revolts
-0.525∗∗∗
(0.195)

0.594∗∗∗
(0.078)

0.661∗∗∗
(0.158)

0.704∗∗∗
(0.167)

0.937∗
(0.504)

Exceptional Flood*SweetPotato

-0.076
(0.118)

-0.161
(0.145)

-0.215
(0.151)

-0.214
(0.153)

Exceptional Flood

0.164∗∗
(0.082)

0.277∗∗
(0.117)

0.286∗∗
(0.122)

0.290∗∗
(0.124)

Sweet Potato

-0.105∗∗∗
(0.038)

-0.119∗
(0.060)

-0.094
(0.058)

-0.076
(0.062)

Limited Drought*SweetPotato

-0.179∗∗
(0.085)

-0.255∗∗
(0.117)

-0.285∗∗
(0.124)

-0.268∗∗
(0.128)

Limited Drought

0.313∗∗∗
(0.056)

0.408∗∗∗
(0.101)

0.403∗∗∗
(0.104)

0.389∗∗∗
(0.109)

Limited Flood*SweetPotato

-0.004
(0.079)

-0.096
(0.093)

-0.127
(0.097)

-0.138
(0.100)

Limited Flood

0.089
(0.056)

0.184∗∗
(0.073)
Y

0.188∗∗
(0.078)
Y
Y

86
111199

86
107320

0.206∗∗
(0.081)
Y
Y
Y
82
103439

Exceptional Drought*SweetPotato
Exceptional Drought

Prefecture and Year FE
Controls*Year
Drought*Prov. Chara. Before Adoption
# clusters
# observations

111199

Notes: The dependent variable is 0 or 100 and hence the coefficients can be interpreted as percentage
points. Exceptional Drought (or Exceptional Flood) is set at 1 when the weather indicator is 5 (or 1).
Limited Drought (or Limited Flood) is set at 1 when the weather indicator is 4 (or 2). Sweet Potato is set
at 1 for the years after adoption. The controls include longitude, latitude and agricultural suitability.
Controls*Year indicates the interactions of these controls and a linear time trend. Columns 4 also control
for the interaction of droughts and the provincial characteristics before the adoption presented in Table
6.
Reported in parentheses are standard errors clustered at the weather station level in columns 2-4. *
Significant at 10%, ** 5%, *** 1%.
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controls in columns 1-3 are the same as in Table 6.3. They show that an
exceptional drought increased the probability of a peasant revolt by about
0.7 percentage points before the introduction of sweet potatoes. To control for potential impacts of the provincial characteristics discussed above,
column 4 presents the result after including the interactions of exceptional
droughts and these characteristics (Dit ∗Cp ) as further control variables. The
interaction effect of drought and sweet potatoes is close to previous results
(around -0.52), implying that the adoption of sweet potatoes mitigated the
effect of droughts significantly. After the adoption of sweet potatoes, exceptional droughts only increased the probability of a peasant revolt by around
0.2 percentage points. Besides, sweet potatoes also exerted a mitigating effect for limited droughts.
The mitigating impact of sweet potatoes provides further evidence on
the channel of the impact of droughts on peasant revolts: droughts led
to more peasant revolts due to negative impact on food supply. Droughtresistant sweet potatoes dampened the impact of droughts on food supply
and hence weakened the link between droughts and revolts.

6.5

Robustness Checks

I conduct robustness checks regarding the mitigating impact of sweet potatoes. The first concern is that the mitigating effect of sweet potatoes captures the role of time trends. For example, state authorities might have
become better in preventing revolts over time. To deal with this concern,
I control for the interaction of droughts (including both exceptional ones
and limited ones) and a linear time trend. The second concern is that the
adoption of new crops such as sweet potatoes was mainly driven by prefecture governance effects. To deal with this concern, I perform a placebo
test with maize. Maize was introduced in China over the same period as
sweet potatoes, but the diffusion path across provinces differed somewhat.
If the adoption of new crops were driven by prefecture governance effects
correlated with the outbreak of peasant revolts, maize should have a similar mitigating effect on the link between droughts and peasant revolts as
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sweet potatoes. The third concern is that other historical events affecting
peasant revolts are omitted. In particular, granary storage was introduced
in the 18th century as a way of disaster relief. I therefore also control for
provincial granary storage and its interaction with droughts as a robustness check. As a final robustness check, I examine the impact before and
after the adoption. Using a more flexible specification, I examine whether
the mitigation impact varies over time.

6.5.1

The Role of Time Trends

A competing hypothesis to explain the finding on sweet potatoes is that
the state authority might become more efficient in preventing revolts over
time. To deal with this concern, I run a horse-race test between sweet potatoes and time trends by including the interaction of droughts and a time
trend (Dit t) as well as the interaction of limited droughts and a times trend
(LDit t).
If the alternative hypothesis of time trends explains the mitigating effect
of sweet potatoes, one would expect β3 and β7 in equation 6.4.2 to become
insignificant once Dit t and LDit t are included. The results are presented in
columns 1-2 of Table 6.8.15 Column 1 shows the result for Dit t and LDit t
and column 2 shows the results for a horse race test between trends and
sweet potatoes. As shown in column 2, the inclusion of Dit t and LDit t does
not dilute the interaction effect of sweet potatoes and droughts.

6.5.2

Using Maize as a Placebo

As mentioned above, maize was introduced in China around the same time
as sweet potatoes but its diffusion path across provinces was different.16 If
15

The impacts of limited droughts, limited floods and their interactions with trends and
sweet potatoes are also included for but not reported. This also applies to the results regarding maize and granaries. The baseline results in Table 6.7 are not changed by including
them.
16
Besides sweet potatoes and maize, a few other American crops were also introduced in
historical China, including white potatoes, peanuts and tobacco. The latter two have never
been important food crops in China. As discussed at length in Nunn and Qian (2011), white
potatoes played an important role in European population growth. However, it was not
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TABLE 6.8:
Robustness Checks: Trends, Maize and Granaries
(1)
Except. Drought*SweetPotato
Except. Flood*SweetPotato
Except. Drought*Trend

(2)
-0.602∗∗
(0.250)

(3)

-0.214
(0.151)
-0.001∗∗
(0.001)

(4)
-0.471∗
(0.270)

(5)

-0.067
(0.158)

(6)
-0.521∗∗∗
(0.197)
-0.107
(0.154)

0.000
(0.001)

Except. Drought*Maize

-0.448∗
(0.261)

-0.146
(0.362)

Except. Flood*Maize

-0.274
(0.198)

-0.239
(0.227)

Except. Drought*Granary

-0.181∗∗∗
(0.065)

-0.033
(0.062)

Except. Flood*Granary

-0.147∗∗∗
(0.036)

-0.120∗∗∗
(0.037)

0.680∗∗∗
(0.210)

0.740∗∗∗
(0.225)

0.753∗∗∗
(0.224)

0.516∗∗∗
(0.119)

0.694∗∗∗
(0.166)

Except. Flood

0.286∗∗
(0.123)

0.370∗∗
(0.183)

0.378∗∗
(0.184)

0.237∗∗∗
(0.080)

0.279∗∗
(0.119)

Sweet Potato

-0.089
(0.061)

Except. Drought

0.717∗∗∗
(0.218)

Maize

-0.161∗∗
(0.072)
0.119
(0.081)

0.140∗
(0.080)

Granary Storage
Pref. and Year FE
Controls*Year
# clusters
# observations

Y
Y
86
107320

Y
Y
86
107320

Y
Y
86
107320

-0.130∗∗
(0.061)

Y
Y
86
107320

-0.016
(0.030)
Y
Y
86
107320

-0.029
(0.029)
Y
Y
86
107320

Notes: Limited Droughts, Limited Floods and their interactions with sweet potatoes, trends, maize
and granaries are also controlled for but not reported. Columns 1-2 present the results for time trends
and the horse-race results between sweet potatoes and time trends. Columns 3-4 present the results for
maize and the horse-race results between sweet potatoes and maize. Columns 5-6 present the results for
granary storage and the horse-race results between sweet potatoes and granary storage. The controls
include longitude, latitude and agricultural suitability. Controls*Year indicates the interactions of these
controls and a linear time trend.
Reported in parentheses are standard errors clustered at the weather station level. * Significant at 10%,
** 5%, *** 1%.
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the adoption of new crops were mainly driven by prefecture governance,
both sweet potatoes and maize should matter for the mitigation effects. To
see whether mitigation effects are specific to sweet potatoes, I run a test
using information on the introduction of both sweet potatoes and maize.
The information on the adoption of maize comes from Guo (1979) and Wu
(1983). The results are presented in columns 3 and 4 of Table 6.8. Column
3 presents the results for maize and column 4 shows the results after including both sweet potatoes and maize. As shown in column 4, the impact
of maize is close to 0 once I control for sweet potatoes. Hence, the introduction of maize itself does not mitigate the effects of weather shocks on
peasant revolts. This finding is consistent with the fact that maize does not
survive droughts as well as sweet potatoes (Song, 2007). The magnitude
and the precision of the mitigating impact of sweet potatoes are decreased
once maize is included. This is expected, since the adoption years of sweet
potatoes and maize are correlated.

6.5.3

The Disaster-Relief Policies

Another concern for the analysis in this paper is that some government
disaster-relief policies might confound the effect of sweet potatoes. In particular, a prominent institution for disaster relief discussed by economic
historians is the system of state granaries introduced in the Qing dynasty.
Many granaries were created to help smooth harvest shocks, but the policy
did not exist before the Qing dynasty. Li (2007) provides a general description of the institutional background. Shiue (2004) quantitatively examines
the relationship between weather shocks and grain storage and finds that
the frequency of disaster relief in the Qing dynasty is not correlated with
weather patterns. Hence, this policy will not confound the main results of
this paper, as I am mainly interested in whether the adoption of sweet potatoes mitigated the effects of weather shocks. Still, as a further robustness
check, I also control for the amount of granary storage. The data is available at the province level since 1742. As a nationwide policy, there is little
introduced to China until the late 19th century (Bray 1984).
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variation in terms of the time of having granary storage across provinces.
However, the amount of storage varies across provinces, from 0.2 to 4.6 million Dan (units of about 90 kilograms). I assume that the storage is 0 when
the relief policy was not yet available and use the amount of storage when
it is available. Under this assumption, the availability of granary storage is
also correlated with the adoption of sweet potatoes. Hence, I run another
horse-race test between granary storage and sweet potatoes. The results
are presented in columns 5-6 of Table 6.8. Column 5 shows the results for
granary storage itself and column 6 shows the results after including both
granary storage and sweet potatoes. Once more, the mitigation result of
sweet potatoes holds after controlling for the impact of provincial granary
storage.

6.5.4

The Dynamics of the Mitigating Effect

To check whether the mitigation effect varies over time, I allow for a more
flexible specification as follows:

2
Rit = β1 Dit
+ β2 Fit2 +

X

2
βτD Dit
∗ Siτ +

τ

X

βτF Fit2 ∗ Siτ +

τ

+δi Xi t + αi + γt + εit .

X

βτF Siτ

τ

(6.5)

Here, Siτ is a set of three dummy variables indicating that τ centuries
have passed since the adoption of sweet potatoes in prefecture i, where Si1+
refers to one century and more after the adoption. The comparison group is
the period more than one century before the adoption. Because the number
of revolts in each period is limited, the drought indicator includes both
exceptional droughts and limited droughts. Similarly, the flood indicator
includes both exceptional floods and limited floods.
D does not differ significantly
The coefficients of interest are βτD . If β−1

from zero, the parallel-trend assumption of the fixed effects models is likely
to hold. The results are presented in Table 6.9. These results suggest that
D is not significantly different from zero. Besides, if the results are mainly
β−1
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TABLE 6.9:
Results from More Flexible Specifications
(1)
Revolts
-0.201
(0.147)

(2)
Revolts
-0.112
(0.167)

(3)
Revolts
-0.198
(0.168)

Drought*Adoption(0-100 Years)

-0.443∗∗∗
(0.120)

-0.412∗∗∗
(0.120)

-0.494∗∗∗
(0.125)

Drought*Adoption(100 Years +)

-0.355∗∗
(0.138)

-0.388∗∗∗
(0.134)

-0.466∗∗∗
(0.134)

Drought

0.649∗∗∗
(0.105)

0.541∗∗∗
(0.106)

0.582∗∗∗
(0.111)

Flood*Adoption(-100-0 Years)

0.105
(0.121)

0.169
(0.130)

0.118
(0.126)

Flood*Adoption(0-100 Years)

-0.136∗
(0.079)

-0.111
(0.085)

-0.168∗
(0.091)

Flood*Adoption(100 Years +)

-0.032
(0.082)

-0.045
(0.098)

-0.095
(0.097)

0.250∗∗∗
(0.063)

0.150∗∗
(0.073)
Y

0.175∗∗
(0.077)
Y
Y
86
107320

Drought*Adoption(-100-0 Years)

Flood
Prefecture and Year FE
Controls*Year
# clusters
# observations

111199

86
111199

Notes: The coefficients can be interpreted as the difference in revolts likelihood in a century before
adoption (-100-0 years), the century of adoption (0-100 years) and the period more than a century after
adoption (100 years +), compared to the period more than a century before the adoption of sweet
potatoes. The drought indicator includes both exceptional drought and limited drought and the flood
indicator includes both exceptional flood and limited flood. The controls include longitude, latitude
and agricultural suitability. Controls*Year indicates the interactions of these controls and a linear time
trend.
Reported in parentheses are standard errors clustered at the weather station level. * Significant at 10%,
** 5%, *** 1%.
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driven by some omitted variables such as better institutions, similar negative effects should be seen of the interactions of floods and the period
dummies. As shown by the results of βτF , this is not to be the case.
Since the impact for the century of adoption (β0D ) is around -0.49 whereas
D ) is around
the impact for the period more than a century after adoption (β1+

-0.47, the mitigation impact seems not to become significantly weaker over
time after the adoption. As discussed in the historical background, sweet
potatoes have both “insurance” and “productivity” effects. The latter effect might dissipate over time in a Malthusian equilibrium, as population
catches up with the greater supply of food. The finding on the dynamic
effects provides more support for the “insurance” channel.17

6.6

Conclusions

This paper investigates two questions. First, to what extent did weatherinduced bad harvests cause peasant revolts - a common form of civil conflict in past societies? Second, to what extent did the historical introduction
of new crop varieties mitigate these effects? Combining various sets of historical data from China, I find that an exceptional drought increased the
probability of a peasant revolt by about 0.46 percentage points on average.
However, the adoption of sweet potatoes mitigated the impact of droughts
on revolts significantly. Before the introduction of sweet potatoes, an exceptional drought increased the probability of a peasant revolt by about 0.7
percentage points.
My answer to the first question relates to the growing literature on
the determinants of civil conflict. The finding on the positive impact of
droughts on peasant revolts supports the hypothesis put forward by historians that weather shocks were linked to violence in past societies. The finding that the price effect of droughts is three times that of floods is consistent
with qualitative historical studies that stress the special role of droughts in
17

Naturally, this finding is subject to the length of the revolts data, which stop at 1900.
Besides, it does not deny that the “productivity” effect might matter for peasant revolts in
the short run.
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triggering peasant revolts.
My answer to the second question provides further evidence that droughts
led to more revolts due to their negative impact on food supply. With the introduction of drought-resistant sweet potatoes in historical China, the negative impact of droughts on food supply was mitigated. Consequently, the
link between droughts and peasant revolts was weakened.
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6.A

Appendix

Web Appendix

The Lags and Leads of Weather Conditions
In the main text, I focus on the impact of weather conditions in year t in
close connections with the impact of sweet potatoes adoption and only include the impacts of lagged weather conditions as a robustness check. Naturally, one can consider the impacts of weather shocks in a more flexible
way by examining the weather conditions in t − 1, t − 2, t + 1 and t + 2.
Before employing these lags and leads, I explicitly examine the persistence of exceptional droughts and floods by running autoregressive (AR)
models while controlling for prefecture fixed effects. The results are presented in Table A.1. Columns 1-3 show that the results at order 1, 2 and 3
for exceptional droughts. They show that the correlation is decreasing significantly over time and is very close to 0 at t − 3. Columns 4-6 report the
corresponding results for floods, suggesting that the persistence of exceptional floods is weaker than that of exceptional floods. This is consistent
with the conjecture in historical studies that droughts were more persistent
and mattered more for revolts in historical China (Xia, 2010).

The Persistence of Exceptional Droughts and Floods
The Impacts of Lagging and Leading Weather Conditions
The specification to examine the impacts of these lags and leads on revolts
is the same as equation (1) except that the drought and flood indicators
are replaced with the lags and leads of weather conditions. The results
for extreme droughts and floods are presented in Table A.2 (where limited
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TABLE A.1:
The Persistence of Exceptional Drought and Floods
(1)

Exception. Drought t-1

(2)
(3)
Exceptional Drought t
0.140∗∗∗
0.139∗∗∗
0.139∗∗∗
(0.005)
(0.005)
(0.005)
0.011∗∗∗
(0.004)

Exception. Drought t-2
Exception. Drought t-3

(4)

(5)
(6)
Exceptional Flood t

0.010∗∗∗
(0.004)
0.001
(0.004)
0.071∗∗∗
(0.004)

Exception. Flood t-1
Exception. Flood t-2

0.071∗∗∗
(0.004)

0.071∗∗∗
(0.004)

-0.002
(0.004)

-0.002
(0.004)

Y
110679

0.004
(0.004)
Y
110420

Exceptional Flood t-3
Prefecture FE
# observations

Y
110938

Y
110679

Y
110420

Y
110938

Notes: The results are obtained from AR regressions. * Significant at 10%, ** 5%, *** 1%.

droughts and limited floods and their lags and leads are also included but
not presented).
Column 1 in Table A.2 replicates the results in column 3 of Table 3.
Columns 2-5 present the results for exceptional droughts and floods in year
t − 1, year t − 2, year t + 1 and year t + 2 separately. As expected, an exceptional drought in year t − 1 also had a positive impact on revolts in year t
whereas an exceptional drought in year t − 2 did not have a significant impact. Not surprisingly, droughts in the leads did not have any significant
impact on revolts. Column 6 includes weather conditions in years t, t − 1
and t − 2 whereas column 7 includes the weather conditions in years t − 1,
t and t + 1 to show that the baseline results in column 1 are robust.
Similarly, I use the same specification as in column 7 of Table A.2 to examine the impact of the lags and leads of weather conditions on the prices
of rice and wheat in August at year t. The results are presented in Table A.3.
As expected, exceptional droughts in years t and t − 1 increased the prices.
By contrast, the impact of an exceptional drought in year t + 1 was weak
and only occasionally significant.
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TABLE A.2:
The Impact of the Lag/Lead of Weather Conditions on Revolts
(1)

(2)

(3)

(4)

Exceptional Drought t+2
Exceptional Flood t+2

(5)
0.081
(0.074)

(6)

(7)

-0.019
(0.066)

Exceptional Drought t+1

-0.017
(0.058)

-0.095
(0.059)

Exceptional Flood t+1

-0.021
(0.048)

-0.036
(0.047)

Exceptional Drought t

0.464∗∗∗
(0.107)

0.412∗∗∗
(0.100)

0.421∗∗∗
(0.102)

Exceptional Flood t

0.182∗∗∗
(0.069)

0.189∗∗∗
(0.068)

0.194∗∗∗
(0.069)

0.354∗∗∗
(0.094)

0.266∗∗∗
(0.090)

0.285∗∗∗
(0.091)

-0.015
(0.056)

-0.024
(0.054)

-0.034
(0.055)

Exceptional Drought t-1
Exceptional Flood t-1
Exceptional Drought t-2

0.141
(0.093)

0.094
(0.090)

Exceptional Flood t-2

-0.029
(0.059)
Y
Y
86
106819

-0.034
(0.057)
Y
Y
86
106818

Prefecture and Year FE
Controls*Year
# clusters
# observations

Y
Y
86
107320

Y
Y
86
107068

Y
Y
86
107068

Y
Y
86
106819

Y
Y
86
106818

Notes: Limited droughts and limited floods and their lags and leads are also included but not presented.
The dependent variable is 0 or 100 and hence the coefficients can be interpreted as percentage points.
The controls include longitude, latitude and agricultural suitability. Controls*Year indicates the interactions of these controls and a linear time trend. Column 1 replicates the results in column 3 of Table 3.
Reported in parentheses are standard errors clustered at the weather station level. * Significant at 10%,
** 5%, *** 1%.
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TABLE A.3:
The Impact of the Lag/Lead of Weather Conditions on August Prices
(1)
Wheat: Upper
0.019∗∗
(0.009)

(2)
Wheat: Lower
0.011
(0.010)

(3)
Rice: Upper
0.038∗
(0.021)

(4)
Rice: Lower
0.021
(0.015)

Exceptional Flood t+1

0.011
(0.010)

0.024∗∗
(0.010)

0.023∗∗
(0.009)

0.033∗∗∗
(0.011)

Exceptional Drought t

0.084∗∗∗
(0.011)

0.081∗∗∗
(0.012)

0.061∗∗∗
(0.016)

0.043∗∗
(0.018)

Exceptional Flood t

0.032∗∗∗
(0.010)

0.039∗∗∗
(0.010)

0.031∗∗∗
(0.008)

0.030∗∗
(0.011)

Exceptional Drought t-1

0.128∗∗∗
(0.014)

0.118∗∗∗
(0.013)

0.050∗∗∗
(0.014)

0.065∗∗∗
(0.014)

Exceptional Flood t-1

0.052∗∗∗
(0.012)
Y
Y
78
21149

0.055∗∗∗
(0.013)
Y
Y
78
21149

0.051∗∗∗
(0.013)
Y
Y
28
3956

0.055∗∗∗
(0.011)
Y
Y
28
3956

Exceptional Drought t+1

Prefecture and Year FE
Controls*Year
# clusters
# observations

Notes: Limited droughts and limited floods and their lags and leads are also included but not presented. The dependent variables are in logs. The controls include longitude, latitude and agricultural
suitability. Controls*Year indicates the interactions of these controls and a linear time trend.
Reported in parentheses are standard errors clustered at the weather station level. * Significant at 10%,
** 5%, *** 1%.
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Using Aggregated Data
The baseline results use prefecture-year data. One can aggregate the data
into province-year data or prefecture-decade data as robustness check. I
focus on the role of exceptional droughts and floods in these robustness
checks.

Using Province-Year Data
One Consider the following specification:
Rpt = β 1 Dpt +β 2 Fpt +β 3 Dpt ∗Spt +β 4 Fpt ∗Spt +β 5 Spt
+δ p provp t + αp +γ t +εpt ,
where αp and γt denote province fixed effects and year fixed effects. The
dependent variable Rpt indicates the number of revolts in province p and
year t. Among the independent variables, I define Exceptional Drought (or
Exceptional Flood) in province p and year t as at least one of the prefectures
in province p and year t has the weather indicator of 5 (or 1).
Table A.4 presents the results using the number of revolts as the dependent variable. The standard errors are clustered at the province level. An exceptional drought increased the number of revolts in an average provinceyear by about 2.6 percentage points. This result on sweet potatoes is also
consistent with the baseline finding using prefecture-year data.

Using Prefecture-Decade Data
Another way to look at the data is to aggregate the revolts and weather
shocks by decade. On the one hand, the disadvantage of doing so is that
the precise information on droughts, floods and peasant revolts is sacrificed. On the other hand, using decade information might better handle
the prospective problem of autocorrelation in differences-in-differences es-
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TABLE A.4:
Results from the Province-by-Year Data
(1)
Revolts
2.462∗∗∗
(0.805)

(2)
Revolts
2.561∗∗∗
(0.787)

(3)
Revolts
3.548∗∗∗
(1.044)

(4)
Revolts
3.858∗∗∗
(1.053)

0.704
(0.447)

0.816
(0.476)

0.698
(0.717)

0.985
(0.784)

-2.508∗∗
(1.155)

-2.947∗∗
(1.149)

Exceptional Flood*SweetPotato

-0.012
(0.794)

-0.404
(0.904)

Sweet Potato

-2.491∗
(1.364)
Y

-1.456
(1.597)
Y
Y
18
7758

Exceptional Drought
Exceptional Flood
Exceptional Drought*SweetPotato

Province and Year FE
Prov. Dummy*Year
# clusters
# observations

Y
18
7758

Y
Y
18
7758

18
7758

Notes: The dependent variable is the number of revolts multiplied by 100. Exceptional Drought (or
Flood) is set at 1 for a province if at least one prefecture had an exceptional drought (or flood) in the
province.
Reported in parentheses are standard errors clustered at the province level. * Significant at 10%, ** 5%,
*** 1%.

timation. Consider the following specification:
Rid = β 1 Did +β 2 Fid +β 3 Did ∗Sid +β 4 Fid ∗Sid +β 5 Sid
+δ i pref i td +αi +γ d +εid ,
where Rid indicates the number of revolts in prefecture i within a decade
d. Did indicates whether there was any exceptional drought in prefecture i
within a decade d. αi and γd are prefecture fixed effects and decade fixed
effects.
The estimation results are presented in Table A.5, with the standard errors clustered at the decade level. The results are similar to the earlier ones.
An exceptional drought increased the number of peasant revolts in an average prefecture-decade by about 2.5 percentage points. The diffusion of
sweet potatoes mitigated the effects of droughts.
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TABLE A.5:
Results from the Prefecture-by-Decade Data
(1)
Revolts
1.424∗∗
(0.591)

(2)
Revolts
1.410∗∗
(0.603)

(3)
Revolts
2.100∗∗
(0.863)

(4)
Revolts
2.299∗∗
(0.878)

0.630∗
(0.344)

0.706∗∗
(0.341)

0.795
(0.508)

0.939
(0.601)

Exceptional Drought*SweetPotato

-1.505
(0.911)

-1.903∗
(0.947)

Exceptional Flood*SweetPotato

-0.323
(0.615)

-0.478
(0.702)

Sweet Potato

-1.210∗
(0.691)
Y

-0.417
(0.742)
Y
Y
44
11354

Exceptional Drought
Exceptional Flood

Prefecture and Decade FE
Pref. Dummy*Decade
# clusters
# observations

Y
44
11354

Y
Y
44
11354

44
11354

Notes: The dependent variable is the number of revolts multiplied by 100. Exceptional Drought (or
Flood) is set at 1 for a decade if at least one year had an exceptional drought (or flood) in the decade.
Reported in parentheses are standard errors clustered at the decade level. * Significant at 10%, ** 5%,
*** 1%.

Clustering Standard Errors at Different Levels
Table 6.3 in the main text presents the baseline results using prefecture-year
data, where standard errors are clustered at the weather station level. Table
A.6 presents standard errors clustered at the year level, the province level
or two-way clustered at both the province and the year level. The results
are robust to clustering the standard errors at different levels.
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TABLE A.6:
Clustering Standard Errors at Different Levels
(1)
Revolts
0.429
(0.060)

(2)
Revolts
0.470
(0.113)
[0.116]
h0.114i

(3)
Revolts
0.464
(0.121)
[0.120]
h0.122i

(4)
Revolts
0.476
(0.113)
[0.116]
h0.114i

Exceptional Flood

0.121
(0.059)

0.201
(0.088)
[0.071]
h0.086i

0.182
(0.089)
[0.073]
h0.088i

0.211
(0.090)
[0.070]
h0.087i

Limited Drought

0.234
(0.042)

0.298
(0.091)
[0.058]
h0.087i

0.277
(0.088)
[0.058]
h0.086i

0.307
(0.094)
[0.058]

Limited Flood

0.077
(0.039)

0.142
(0.052)
[0.046]
h0.053i
Y

0.130
(0.053)
[0.047]
h0.055i
Y
Y

0.151
(0.054)
[0.047]
h0.056i
Y

111199

111199

107320

Exceptional Drought

Prefecture and Year FE
Controls*Year
Pref. Dummy*Year
# observations

Y
111199

Notes: The specifications and the estimated coefficients in this table are the same as in Table 6.3. The
standard errors in columns 2-4 are clustered at the province level (in parentheses), the year level (in
square brackets) as well as two-way clustered both the province and the year level (in angle brackets).

222

SHOCKS AND REVOLTS

MONOGRAPH SERIES
1. Michaely, Michael The Theory of Commercial Policy: Trade and Protection,
1973
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