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Abstract
Economic growth needs a strong and well-functioning government. But a government too strong can dominate private firms, leading to a holdup problem that is especially severe in autocracies. This paper studies how to constrain officials in autocracies
through personnel rules, with a special focus on rotation and performance evaluation.
Through a game theoretic model, I show that rotation or performance evaluation alone
actually makes holdup problems even worse. But it is exactly their combination that
covers each other’s weakness and solves holdup problems together. Frequently rotated
and carefully evaluated, officials also develop few entrenched interests in existing firms.
This helps avoid crony capitalism and encourages Schumpeterian “creative destruction”,
solving another key problem with government-assisted development. Thus, rotation and
performance rewards resolve the acute tradeoff between commitment and flexibility, a
feature rarely satisfied by other commitment devices. Firm-level panel data from China
are consistent with the key predictions of the model.
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Introduction

Why do entrepreneurs invest actively in many autocracies? This is an important question,
because private investment plays a decisive role in the economic take-off under many autocratic rules1 (Young, 1995; Acemoglu and Robinson, 2006; Xu, 2011). Classical economic
theories, however, predicts the opposite (Persson and Tabellini, 2000; Acemoglu, 2003): an
entrepreneur should be reluctant to invest in an autocracy, because officials there cannot
credibly commit to not expropriate an entrepreneur. Put it differently, an autocracy suffers
from a severe holdup problem. To solve this problem, what are the constraints on officials
in an autocracy to limit such excessive extraction?
There are two common solutions in the literature. First, in repeated games, reputation concern can constrain official’s extraction (Olson, 1993; Acemoglu, 2006). But under
repeated interactions, an official inevitably develops entrenched interests in existing firms,
which blocks the entrance of new firms and the associated “creative destruction”. Thus,
reputation-based solutions cannot protect new firms, leading to grave consequences for longterm growth (Aghion et al. 2013). In any case, reputation is largely irrelevant for an official
facing frequent rotation or a strict term limit, institutions that many established autocracies
enforce.
Second, if the central government evaluates and promotes a local official based on economic growth (Maskin et al. 2000; Xu, 2011), the official should encourage private investment by extracting less from entrepreneurs. But since performance evaluation is also a form
of incentive contracts, it presupposes commitment power instead of providing commitment.
Also, in this paper, I will show that strong performance evaluation makes the holdup problem
even worse. The question becomes more intriguing: many autocracies frequently rotate their
local officials and regularly evaluate local officials based on economic performance (Finer,
1999a and 1999b); but how can these autocracies possibly solve the holdup problem against
entrepreneurs?
In this paper, I show that rotation or performance evaluation alone indeed makes the
holdup problem even worse; but it is exactly their combination that forms a credible constraint on officials to solve the holdup problem. In other words, rotation and performance
evaluation can cover each other’s weakness and help each other to unleash their desirable
incentive effects. To illustrate the idea, I build a game theoretic model with three stages.
In the first stage, the entrepreneur makes an investment to install a firm, with the size of
its future surplus as the entrepreneur’s private information. In the second stage, I introduce
1

In most cases, industrial takeoffs actually took place in non-democracies (Finer, 1999b).
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two forms of the holdup problem: a local official can steal the invested capital before production even begins; the official can also learn the precise size of the firm’s future surplus, an
action that eliminates the entrepreneur’s information rent and allows the official to extract
all surplus. In the third stage, the official and the entrepreneur bargain over the surplus.
Then the official is evaluated and promoted based on the size of the total surplus produced
by the firm.
I have three arguments from the workhorse model. First, performance evaluation makes
the holdup problem even worse. Under intense evaluation pressure, the official wants to know
her jurisdiction really well to design the most informed economic policy. In our specific setup,
with intense evaluation, the official really wants to know the firm’s size of the surplus because
the knowledge makes the whole bargaining process so much faster and much more efficient.
By contrast, if the official learns nothing about the firm, the bargaining process will be
frictional and inefficient, resulting in a bad performance record. But at the same time, if
the official knows more, she would also extract too much surplus when she bargains with the
entrepreneur, so the entrepreneur refuses to invest in the first place.
Second, rotation alone also exacerbate the holdup problem. This is the standard “roving
bandits” story articulated by Olson (1993): frequent rotation can reduce the time horizon of
the official so that the official finds it optimal to steal the private capital instead of waiting
for the capital to produce the final surplus.
Third, as the first key result of the paper, rotation and performance evaluation cover
each other’s weakness and jointly solve the holdup problem. On the one hand, rotation
helps performance evaluation. Recall that performance evaluation is problematic because it
encourages the official to learn about the firm, a move that would eliminate the entrepreneur’s
information rent. But with frequent rotation, the official does not want to know much about
the local firm, because her detailed information about the local firm becomes completely
useless if she is transferred to another jurisdiction. So even if performance evaluation is
intense, the official will never learn about the firm as long as rotation is sufficiently frequent.
On the other hand, performance evaluation also helps rotation. Rotation is problematic
because an impatient official may steal private investment. But with intense performance
evaluation, the official needs to think twice before stealing private investment, an action
that really hurts her chance of getting a good performance record. So even if rotation is
frequent, the official will never steal private investment as long as performance evaluation is
sufficiently intense. Thus, rotation and performance evaluation are highly interdependent.
Frequent rotation discourages information acquisition tempted by performance evaluation;
intense performance evaluation makes it costly for the official to steal private capital, which
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allows frequent rotation. Consequently, the official will not steal the private investment and
will yield most of the final surplus to the entrepreneur, who is happy to invest in the first
place.
For the other key result of the paper, I extend the model to allow the entrance of new
firms. The extension enables me to study firm dynamics and Schumpeterian “creative destruction”, the key source of sustainable growth (Aghion and Howitt, 1992; Aghion et al.
2013). Under intense rotation and performance evaluation, the official acquires little information about existing firms, so the official has no entrenched interests in existing firms
as compared with new firms. The absence of entrenched interests encourages firm entry
and exit, fostering “creative destruction”, and sustaining long-term growth. By contrast, a
repeatedly appointed official develops such strong entrenched interests that she blocks the
entrance of new firms, the fundamental dilemma behind the “middle-income trap” of many
economies that rely on crony capitalism to initiate industrial takeoff (Acemoglu et al. 2006;
Acemoglu and Robinson, 2012). Here lies the other main result: when implemented together,
rotation and performance evaluation resolve the acute trade-off between commitment and
flexibility, a remarkable feature rarely satisfied by other commitment devices studied in the
literature.
The paper is also related to many other strands of literature. The paper integrates the two
views on property rights separately advocated by Olson (1993) and Hart (1995). In relation
with the production stage, Olson (1993) argues that property rights protect against ex ante
extraction or capital confiscation, while Hart (1995) argues that property rights protect
against ex post extraction of the final surplus. I show how personnel control can substitute
for both forms of property rights. I also show that we can generate fresh insights from the
integration of the two views, an integration that allows me to derive the interdependence
between rotation and performance evaluation. Indeed, it is necessary to integrate the two
views. With only one view on property rights, our understanding of personnel institutions
will be incomplete and misleading.
In the political economy literature on rotation, we have an apparent paradox: there
are two views on rotation that are diametrically different. On the one hand, following the
seminal work in Olson (1993), many papers demonstrate that frequent rotation reduces the
time horizon of officials so that they steal a lot from the private sector, impoverishing the
entrepreneurs (Rose-Ackerman and Palifka, 2016). On the other hand, frequent rotation
forces the officials to rely on the superior information of local elites for effective governance
so that local elites become immensely rich and powerful (Chang, 1955; Finer, 1999a). My
paper resolves the paradox. Rotation can be constructive or destructive, depending on
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whether it is complemented by performance evaluation. Actually, political rotation and
performance evaluation help each other and interact in an intriguingly symbiotic way. The
two institutions are destructive as stand-alone arrangements, but their interactions restore
their desirable incentive effects.
My paper is also related to the literature on why performance evaluation may misfire
and create unintended consequences (for example, see Gibbons, 1987 and Holmstrom and
Milgrom, 1991). To my knowledge, my paper is the first attempt to understand how performance evaluation may exacerbate the holdup problem; the analysis also uncovers strong
nonlinearity of the effect of performance evaluation. Besides, the holdup problem is especially acute in an autocracy. By focusing on the holdup problem, my theory explains why
high-powered incentive can be especially destructive in autocracies than liberal democracies.
I also systematically explore how to limit the destructive side of performance evaluation.
It is easy to generalize the insights of my paper to generic organizations, relabeling the
officials as managers, the entrepreneurs as junior employees, and jurisdictions as business
units. Thus, my paper also speaks to the organizational economics literature on rotation
and performance evaluation. Most of these studies take a human capital approach (Ortega,
2001; Eriksson and Ortega, 2006). They show that rotation of managers helps the managers
accumulate a diverse set of skills that improves their eligibility for promotion, generating a
complementarity between rotation and promotion (Friebel and Raith, 2014; Jin and Waldeman, 2017). The intuition is powerful; but the mechanism essentially assumes U-Form
organizations (Chandler, 1962; Qian et al. 2006) as its object of study. In a U-Form organization, each unit highly specializes in one functionality, so rotation across different units
does help the manager to learn different skills. By contrast, different units in an M-Form organization are broadly similar with each other, weakening the key mechanism popular in the
literature. The low explanatory power for M-Form casts a problem, since M-Form becomes
“the dominant form for large, complex firms around the world” (Roberts and Saloner, 2016).
The mechanism I study applies to both M-Form and U-Form organizations, as I impose no
assumption on the similarity between different units. The wider applicability becomes even
more important as “large U.S. firms are moving away from the pure U-form and M-form”
(Roberts and Saloner, 2016). My model’s wider applicability is an important contribution
to the organizational economics literature.
My paper is also closely related to the large literature on political connections of private
business. Many influential papers demonstrate that political connection can increase business
value and economic efficiency, especially in an autocracy or a weak democracy (Khawa
and Mian, 2008; Ferguson and Voth, 2008; Bai et al. 2014). However, it is puzzling that
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private business can reap such huge benefit from political connection in an autocracy, as by
definition officials in an autocracy command formidable coercive power that should enable
them to capture the bulk of the surplus (North and Weingast, 1989). My paper offers a
simple mechanism that empowers entrepreneurs against officials in autocracies, but only for
autocracies with a well-disciplined bureaucracy.

2
2.1

A Workhorse Model
Performance-based Rewards in the Benchmark Model

In a reduced-form manner, this section illustrates the basic insights of models on performancebased rewards. It serves as the key building block to formalize my own ideas in later sections.
There are three players: a principal, a local official, and an entrepreneur. The principal is
the central authority who implements personnel policy. The game has two periods. The
timeline and strategies of players are as follows:
At t = 1, the entrepreneur arrives and decides whether to invest in a project that costs
him k > 0. The project’s output y is uncertain. It has a distribution F (y) continuously
f (y)
increases
distributed on [y, ȳ] with the cumulative distribution function F (·), F 0 ≡ f . 1−F
(y)
in y; in other words, the distribution satisfies the monotone hazard rate property. If the
entrepreneur does not invest, the game ends and all players get 0. If he pays k, the project
begins but remains unfinished.
After the entrepreneur pays k, the profitability of the project y is revealed to the entrepreneur. The principal and the local official do not know y, but they both know F (y).
At the end of t = 1, the principal rotates the official with probability π and appoints
another one, who will take office in t = 2. If the official in t = 1 is rotated, she gets an
exogenous payoff of Ũ by serving in another jurisdiction.
At t = 2, the official (either the same one as in t = 1 or a newly appointed official)
make a take-it-or-leave-it proposal to extract w from the entrepreneur. If the entrepreneur
accepts, he will produce the final surplus y. The entrepreneur gets y − w − k, as he cares
about the net profit. The principal wants a large total output, so she gets y. For the
official, she gets w + Ry. The official’s payoff has two parts: w is the economic rent, and
Ry represents the performance-based rewards. The exogenous parameter R measures the
intensity of performance rewards. A large R means that the official highly values performance
rewards. If y is normalized such that y ∈ [0, 1], we have a simple interpretation of Ry: the
performance rewards, valued as R, is granted to the official with probability y. Under this
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interpretation, Ry is the expected value of performance rewards. The linearity assumption
of Ry is only for expositional purposes. We can replace yR with a general function V (y, R),
and the only key restriction I need to impose is that V (y, R) increases with both y and R
(see Appendix 3 for more details). The general functional form of V (y, R) is also consistent
with many different forms of performance rewards other than the probabilistic interpretation
for Ry.
If the entrepreneur does not accept the extraction proposal, she will walk away from
his investment and will not produce the final surplus. Although the project’s potential
productivity is y, the realized output is 0. The entrepreneur gets −k. The principal gets 0.
The official gets 0.2 The solution concept is sequential equilibrium.
Let us analyze the simple game. At t = 2, the entrepreneur accepts any extraction w ≤ y.
The official, either a newly appointed one or the same one as in t = 1, proposes to extract:
w∗ = argmaxw [1 − F (w)]{w + E[Ry|w ≤ y]}.

(1)

[1 − F (w)]{w + E[Ry|w ≤ y]} is the expected payoff to an official who proposes to
extract w from the entrepreneur. The official faces some risk of bargaining breakdown: an
entrepreneur with y < w will reject the rent extraction rather than collaborating with the
official. In this case, the official gets 0 from rent extraction and also gets 0 from performance
rewards as the project will not be finished. The probability that there will be an agreement is
1 − F (w). Conditional on reaching an agreement, the official gets w from the rent extraction,
and E[Ry|y ≥ w] from performance rewards. Thus, the utility of an official who proposes
to extract w is [1 − F (w)]{w + E[Ry|w ≤ y]} + F (w) ∗ 0 = [1 − F (w)]{w + E[Ry|w ≤ y]}.
The expected surplus captured by the entrepreneur is [1 − F (w)]{E[y|y ≥ w] − w}. This
2

Another interpretation of the take-it-or-leave-it bargaining is based on the "helping hand" hypothesis.
That is, the entrepreneur needs the active support of the local government to finish the project. Why the
entrepreneur cannot finish his project by himself? The rationale is that markets in many economies are
highly regulated and fragmented. On the one hand, the central government installs many entry barriers
to protect firms that directly benefit the central government (e.g., Gordon and Li, 2009). On the other
hand, officials have a strong interest in enforcing trade barriers so that non-local firms can be excluded from
the local market (e.g., Young, 2000). The consequence is that an entrepreneur can invest in capacity to
produce plenty of goods. However, it is very difficult to sell them and realize the profit. Local officials are
playing a decisive role here. They have the necessary political capital to lobby the central government for
a permit so that the local firm can enter the national market (Wedeman, 2011; Bai et al. 2014). They can
also try to break down trade barriers by lobbying the central government or negotiating with other officials.
The full value of the entrepreneur’s investment can be realized only through the mobilization of an official’s
capacity and connection. Regulations can be even more strict in markets of production factors. For example,
regulations over labor market are especially punishing in most countries. In many cases, it is more effective
for the entrepreneur to mediate labor disputes and to address labor unions through officials. Otherwise, the
entrepreneur’s firm can be paralyzed and produces nothing. This further validates the notion that official’s
inputs are indispensable for a successful firm, especially in developing economies.
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is the probability that the project will be finished (1 − F (w)) times the net surplus to the
entrepreneur (E[y|y ≥ w] − w).
The first order condition for (1) with respect to w characterizes w∗ , the optimal rent
extracted by an uninformed official:
ˆ

ˆ

ȳ

maxw [1 − F (w)]{w + E[Ry|w ≤ y]} = maxw {w

F.O.C. w

zf (z)dz}

f (z)dz + R
w

ˆ

ȳ

w

ȳ

f (z)dz − w∗ f (w∗ ) − Rw∗ f (w∗ ) = 0

∗
w∗

w∗ f (w∗ )
1
=
.
∗
1 − F (w )
1+R

(2)

The monotone hazard rate property guarantees that w∗ is unique. It also ensures that
w∗ decreases with R, so the uninformed official reduces rent extraction with stronger performance rewards. Intuitively, the official faces a trade-off between more rents and a higher
likelihood of bargaining breakdown. Performance-based rewards raise the cost of bargaining
breakdown, which induces the official to extract fewer rents from the entrepreneur.
In t = 1, the entrepreneur will invest if his expected surplus S(R) ≡ [1−F (w∗ (R))]{E[y|y ≥
w∗ (R)] − w∗ (R)} covers the investment cost k. I impose the following assumption:

Figure 1
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Assumption 1:
S(R = 0) < k and k < E[y].
The assumption basically says that an official who wants only to maximize economic
rents (which is the case when R = 0) extracts too much from the entrepreneur. Thus,
the entrepreneur refuses to initiate investment. Performance-based rewards can solve the
problem, as an official who obtains large rewards for economic growth dislikes bargaining
breakdowns. She extracts less from the entrepreneur, which increases the probability of a
successful project and enables the entrepreneur to cover his ex ante cost of investment. We
have the following result.
Proposition 1: In the benchmark model, the entrepreneur will invest under sufficiently
strong performance-based rewards.
Algebraically, ∃!R̂ ∈ (0, ∞) such that S(R̂) = k. The entrepreneur expects a non-negative
profit if R ≥ R̂.
Proofs of all propositions are in Appendix 1. Notice that political rotation is irrelevant.
Whether the official is the same one as in t = 1 or newly appointed, she behaves exactly
the same in t = 2 and extracts w∗ (R). In Figure 1, the horizontal axis is the intensity of
performance-based rewards, and the vertical axis is the frequency of rotation. The shaded
area is the parametric range in which the entrepreneur will invest. The entrepreneur will
invest as long as the official is sufficiently rewarded for economic growth.

2.2

Rotation and Performance-based Rewards When the official
can Acquire Information

In this section, the key difference is that the official can acquire information. Specifically,
after the entrepreneur has invested, the official can pay a cost c such that the official in t = 2 is
fully informed about the project’s value y. This formalizes the idea that an official with a long
tenure can become very knowledgeable about her jurisdiction, and consequently enormously
powerful. As in classical models of information economics (Bolton and Dewatripont, 2005),
power and information are interchangeable. An official who knows everything about the
entrepreneur’s project wields formidable bargaining power against the entrepreneur, who
will not be able to reap benefits from his own project. Rotation plays a key role here in
discouraging the official from information acquisition.
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What are the practical ways to improve an official’s knowledge of local enterprises? She
can rely on her office of assistants to implement inspection and networking for more sensitive
information about private enterprises. She can boost the capacity of government bureaus
that register and review private enterprises (Besley and Persson, 2011). In the more extreme
form, she can build her coercive power so that the local firms have to surrender such information. Given that unelected local officials can be “petty dictators” in authoritarian regimes
(Lieberthal, 2005), there are so many ways for her to become immensely knowledgeable
about local economic conditions.
An auxiliary assumption is that the newly appointed official automatically inherits the
information acquired by the official at t = 2. The rationale is that the official initiates the
learning process by mobilizing the bureaucracy. It is her staffs and assistants who actually
implement the investigation. When the official is rotated, the staffs and assistants stay and
work for the newly appointed official, who can readily harvest the knowledge embedded in
the bureaucracy. This assumption helps to highlight the key mechanism of the model. In
Appendix 2, I show that my qualitative results do not rely on this assumption. Apart from
the official’s ability to learn and the knowledge transmission between the old and the new
official, everything else is the same with the benchmark model.
We need to derive restrictions on π to ensure that the official in t = 1 does not pay c.
It will guarantee some information rents to the entrepreneur, which is a necessary condition
for the entrepreneur to gain some surplus from his project. Under the jurisdiction of an
uninformed official, the entrepreneur earns S(R) = [1−F (w∗ (R))]{E[y|y ≥ w∗ (R)−w∗ (R)}.
The entrepreneur will invest if the official does not pay c and S(R) > k (the expected benefit
from the project outweighs the cost).
At t = 2, the entrepreneur accepts any w ≤ y. An official fully informed about y extracts
w = y, and the entrepreneur gets 0 surplus. An official uninformed about y extracts w∗
w∗ f (w∗ )
1
= 1+R
. The extraction proposed by an uninformed
that satisfies equation (1), where 1−F
(w∗ )
official is the same as the case in the benchmark model, so the payoffs to all players will be
the same as the benchmark model if the official does not learn.
The official in t = 1 does not pay c if:
−c + (1 − π)(1 + R)E[y] + π Ũ ≤ (1 − π)[1 − F (w∗ )]{w∗ + E[Ry|w∗ ≤ y]} + π Ũ .
The left-hand side is the expected payoff to an official who plans to pay c. If so, with
probability 1 − π the official continues her tenure. She sets w∗ = y and extracts all surplus
y away, without worrying about bargaining breakdown. Because the official knows the
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productivity of the firm, she can always calibrate rent extraction based on the realized
productivity, something that an uninformed official cannot do. Hence, an agreement between
the entrepreneur and the fully informed official is guaranteed, so the official also reaps the
full benefit of performance-based rewards Ry. The expected payoff with extended tenure is
(1 + R)E[y]. With probability π, the informed official is rotated, and she gets her exogenous
payoff Ũ .
The right-hand side is the expected payoff to an official who plans to not pay c. With
probability 1 − π, she gets her payoff as an uninformed official, which is [1 − F (w∗ )]{w∗ +
E[Ry|w∗ ≤ y]}, and with probability π she gets Ũ . The inequality identifies the lower bound
for rotation frequency π:
π ≥1−

c
≡ π.
(1 + R)E[y] − [1 − F (w∗ )]{w∗ + E[Ry|w∗ ≤ y]}

(3)

Thus, rotation has to be sufficiently frequent to forestall information acquisition. Intuitively, frequent rotation makes it less desirable for the official to learn about the local firm,
because the detailed local information becomes completely useless when she is transferred
to another jurisdiction.
To guarantee that minimum frequency π ∈ (0, 1), I have the following assumption.
Assumption 2:
(1 + R)E[y] − [1 − F (w∗ )]{w∗ + E[Ry|w∗ ≤ y]} > c.
|

{z

≡U (R)

}

Recall that w∗ , the optimal extraction proposed by an uninformed official, is a function
w∗ f (w∗ )
1
= 1+R
. Assumption 2 is a restriction on exogenous parameters R and c.
of R: 1−F
(w∗ )
U (R) ≡ [1 − F (w∗ )]{w∗ + E[Ry|w∗ ≤ y]} is the payoff to an uninformed official. (1 + R)E[y]
is the payoff to a fully informed official. So (1 + R)E[y] − U (R) measure the benefit from
learning about the local firm. Suppose that Assumption 2 holds. Without rotation, the
official would pay c if the entrepreneur invests k, as the net benefit (1 + R)E[y] − U (R)
outweighs the cost c. The entrepreneur refuses to initiate the investment since he predicts
that he will get −k by doing so. Thus, π > 0 is guaranteed by Assumption 2. Without
rotation, the official in t = 1 will pay c and extract all rents.
In addition, it is clear that (1 + R)E[y] − [1 − F (w∗ )]{w∗ + E[Ry|w∗ ≤ y]} > 03 .
3

(1 + R)E[y] − [1 − F (w∗ )]{w∗ + E[Ry|w∗ ≤ y]}
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Suppose that the principal chooses π that satisfies (3). As argued before, the entrepreneur
pays k if the expected benefit from the project outweighs k:
k < S(R).
With Assumption 1 and Assumption 2, I can prove the first important results of the
paper:

Figure 2
Proposition 2: 1. Sufficiently strong rotation and performance-based rewards incentivize the entrepreneur to invest.
ˆ

ˆ

ȳ

∗

(z − w )f (z)dz + (1 + R)
w∗

Thus, π = 1 −

´ ȳ
w∗

c
´ ∗
(z−w∗ )f (z)dz+(1+R) yw zf (z)dz

zf (z)dz
w∗

ˆ

ȳ

=

ȳ

f (z)dz − R
w∗

y

ˆ

ˆ

ȳ

zf (z)dz − w∗

= (1 + R)

w∗

zf (z)dz > 0.
y

< 1. We have 0 < π < 1.
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c
In algebra, denote R̂(k) and π(R, c) such that S(R̂) = k and π(R, c) = 1 − (1+R)E[y]−U
.
(R)
If R > R̂(k) and π ≥ π(R, c), the official does not pay c, and the entrepreneur will reap a
non-negative return.
2. ∂π(R,c)
> 0 : the minimum rotation frequency increases when performance-based re∂R
wards are stronger.

Corollary 1:

Suppose π = 0 . ∀R ≥ 0, the entrepreneur does not invest.

Propositions 1 and 2 and Corollary 1 are summarized in Figure 1 and Figure 2. The
shaded area is the parametric range such that the entrepreneur will invest. Figure 1 depicts
Proposition 1, while Figure 2 illustrates Proposition 2 and Corollary 1. Figure 1 shows the
effect of performance rewards when there is no severe holdup problem. The official cannot
invest c in Figure 1, so performance-based rewards alone can induce investment from the
entrepreneur. Moreover, the probability of project completion 1 − F (w∗ (R)) also increases
with R, as w∗ (R) decreases with R. Hence, economic performance will improve with a higher
level of performance-based rewards. By contrast, Figure 2 shows the situation when the
official can acquire local information. In this case, we need a second constraint π ≥ π(R, c)
to ensure that the official gives up the opportunity for information acquisition. Otherwise,
an empowered official would have extracted all surplus so that the entrepreneur never invests
in the first place.
> 0. Notice that:
The key result of Proposition 2 is that ∂π(R,c)
∂R
π(R, c) = 1 −

c
c
≡1−
.
∗
∗
(1 + R)E[y] − [1 − F (w (R))]{w + E[Ry|w (R) ≤ y]}
∆(R)
∗

|

{z

}

U (R)

where ∆(R) ≡ (1 + R)E[y] − U (R) is the difference between the expected payoffs to
an informed official and an uninformed one. In other words, ∆(R) measures the benefit of
local knowledge and the temptation for the official to learn. Hence, π(R, c) increases with R
because ∆(R) increases with R:
d∆(R)
=
dR

ˆ

ȳ

´ ȳ

zf (z)dz
zf (z)dz − [1 − F (w)]
=
[1 − F (w)]

ˆ

w∗

y

w∗

zf (z)dz > 0.
y

Performance-based rewards exacerbate the temptation to learn. This finding is a key
insight of the paper that directly contributes to the complementarity between rotation and
performance-based rewards. The intuition is as follows. If unrotated, the informed offi-
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cial can reap all the benefit from performance-based rewards, as she can calibrate the rent
extraction based on the realized productivity. Doing so ensures that there will be no bargaining breakdown, so the project will always be finished, and the official will always get
her performance-based rewards. Figure 2.1 gives a graphic summary. The horizontal axis
includes all possible sizes of the firm’s surplus. No matter what is the realized size of the
surplus, the official can always ensure that the entrepreneur will accept her proposal and
finish the project, so the official always gets her performance-based rewards.

Figure 2.1

Figure 2.2
By contrast, if the official does not pay the cost of learning, she faces a substantial risk
of bargaining breakdown (shown in Figure 2.2). Apart from the lost economic rent, the
rewards for economic growth also fail to materialize when the official and the entrepreneur
cannot settle upon an agreement. An uninformed official can only reap a partial benefit
from performance-based rewards, while an informed official captures the full benefit. When
rewards for economic performance increase, the official really wants to make sure that there
will be no bargaining breakdown so she can get the highly desirable performance rewards.
As a consequence, she is very tempted to learn everything about the local firm.
As shown by the curve that represents π(R) in Figure 2, such temptation to acquire local
knowledge can be discouraged by rotation. As said, facing a high probability of rotation,
an official really does not want to learn much about the local firm, because her detailed
knowledge becomes completely useless if she is transferred to a new jurisdiction. Thus, with
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stronger performance rewards, the minimum rotation frequency has to increase to counterbalance the temptation to learn. Assumptions 1 and 2 guarantee that for any intensity of
performance rewards R ∈ [0, ∞), there is a minimum rotation frequency π(R, c) ∈ (0, 1).
With the rotation prospect, the benefit from the detailed information realizes with such a
small probability that it cannot justify the investment in local information.
π ≥ π(R, c) such that the official does not learn is a necessary condition for the entrepreneur to invest. As in Proposition 1, performance-based rewards also cannot be too
low. In the extreme case where R = 0, the uninformed official’s problem reduces to
maxw [1 − F (w)]w; thus, the official prefers to maximize expected rent. As w∗ (R) is a
decreasing function of R, w∗ (R = 0) is large. Without performance-based rewards, the uninformed official does not care too much about bargaining breakdown because she is not
rewarded for economic achievements. Thus, she is willing to risk the high probability of bargaining breakdown in exchange for a higher rent. This results in small ex ante surplus for the
entrepreneur because of the high rent extraction attempted by the official and the associated
high risk of bargaining breakdown. By Assumption 1, S(R = 0) < k, so the entrepreneur
does not invest when an uninformed official is not politically rewarded for growth. A moderate degree of performance-based rewards R̂ such that S(R̂) = k coupled with π ≥ π(R̂, c)
finally allows the entrepreneur to break even.
To summarize, if π < π(R, c), strong performance-based rewards cannot induce the entrepreneur to invest because the entrepreneur expects full extraction of his surplus in the
future. A higher level of performance-based rewards, rather than alleviating the predicament, further justifies information acquisition and exacerbates the holdup problem. With
frequent rotation such that π ≥ π(R, c), the desired disciplinary effects of performance-based
rewards are completely restored. The official finds it unprofitable to invest in information
acquisition. In this case, stronger rewards based on performance induce the uninformed
official to care a lot about striking a bargain with the entrepreneur. Frequent rotation limits
the potentially destructive force of performance-based rewards and unleashes their role in
aligning the incentive of the official with the principal’s objective. At the same time, if
R < R̂, frequent rotation achieves nothing, as the uninformed official cares too little about
the economy to behave benevolently. Thus, the effectiveness of rotation also relies on sufficiently strong rewards for economic growth. Performance-based rewards support rotation in
another important manner in the next section.
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2.3

The Interdependence between Rotation and Performance Rewards

The last section derives a powerful mechanism where rotation helps performance evaluation.
Bur rotation itself can also be destructive, because rotation can encourage shortsighted
policy. Indeed, surrendering the opportunity of information acquisition is itself a shortsighted
policy, but it is a particular category that improves welfare. However, there are many
other shortsighted policies that can drastically reduce welfare. Specifically, the model in
Section 2.2 requires the official to wait until period 2 when the entrepreneur can use the
invested capital k to produce output. If rotation is too frequent, the official may find it
optimal to steal the invested capital in period 1. This is the famous “roving-bandit” problem
articulated by Olson (1993). A policy instrument to discourage capital confiscation turns
out to be performance-based rewards. Even if the official anticipates a high likelihood of
rotation, protection of private capital remains desirable under strong performance rewards.
Basically, the reduced stake of future economic performance due to frequent rotation can be
compensated by stronger performance rewards.
Assume π ≥ π(R) so that the official does not learn the value of the project. Suppose
before that, the official can decide whether to steal the capital k away. If the official does
so, she can resell the capital and gains a return of ηk from it, η ≤ 1. All capital depreciates
away in t = 2.
The official will not steal the capital if:
π Ũ + (1 − π) ∗ 0 + ηk < π Ũ + (1 − π) [1 − F (w∗ )]{w∗ + E[Ry|y ≥ w∗ ]} .
|

{z

U (R)

(4)

}

The left-hand side is the expected payoff to an official who steals capital. With probability
π, she is rotated and gets Ũ . With probability 1 − π, she continues her tenure. If the capital
has been stolen, the entrepreneur cannot produce anything, so the official gets no rents and
no performance-based rewards. In either case, the official always gets ηk. The right-hand side
is the expected payoff to an official who does not steal capital or acquires local information.
With probability 1 − π, she gets the same payoff as an uninformed official U (R) . With
probability π, she gets Ũ from serving in another jurisdiction. Equation (4) gives us:
π <1−

ηk
≡ π̄(R).
U (R)

So the “roving-bandit” concern puts an upper bound on rotation frequency. If rotation

16

is excessively frequent, the official will steal the capital and resell it, and the project will
yield no surplus in the future. The key observation is that the upper bound π̄(R) is also an
increasing function of R:
∂ π̄(R)
ηk
=
[1 − F (w∗ )]E[y|y ≥ w∗ ] > 0.
∂R
[U (R)]2
Inequality (4) shows that the problem of rotation is that it reduces the desirability to
protect private capital. Even if the official steals the private capital today, she will not be
affected by the destruction of growth opportunity if she gets rotated to another city. Thus,
she does not care much about the consequence brought by her confiscation of private capital.
Performance-based rewards discourage the temptation by restoring the stake in protecting
private capital for the official. If the official steals the capital, the entrepreneur cannot
produce the final surplus; if the official is not rotated, her performance records will be really
bad. Thus, a higher level of performance-based rewards discourages the official to steal the
capital, allowing more frequent rotation.
Now the question is: are there any parametric ranges so that
π ≡1−

c
ηk
≤1−
≡ π̄?
(1 + R)E[y] − U (R)
U (R)

I have an additional assumption:
Assumption 3:
E[y]
F (w∗ (0))E[y|y ≤ w∗ (0)]
c
> max{
−
1,
}
ηk
[1 − F (w∗ (0))]w∗ (0)
[(1 − F (w∗ (0))]E[y|y ≥ w∗ (0)]

Thus, we can prove:
Proposition 3: Denote U (R) = [1 − F (w∗ (R))]{w∗ (R) + E[Ry|y ≥ w∗ (R)]}, π(R) =
c
1 − (1+R)E[y]−U
, and π̄(R) = 1 − Uηk
.
(R)
(R)
For R ≥ 0, ∃π ∈ [π(R), π̄(R)], such that the local official neither acquires information
nor steals capital.
Moreover, π 0 (R) > 0 and π̄(R) > 0: more frequent rotation supports more intense performance evaluation, and more intense performance evaluation also sustains more frequent
rotation.
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The results are summarized in Figure 3. A proper selection of π makes sure that the
official neither steals capital nor acquires information to capture all rent from the project.
Proposition 3 is the key conclusion of the paper. It formalizes the interdependence
between rotation and performance-based rewards, manifested in Figure 3 by the interval
[π(R), π̄(R)] that moves upward with a higher R. There is now also an upper limit on
the frequency of rotation, and both the upper limits π̄(R) and lower limits π(R) increase
with R. The two limits vividly characterize that rotation and performance-based rewards
are supporting each other. Rotation discourages the temptation to dominate entrepreneurs,
allowing higher-powered performance rewards. In turn, performance-based rewards make it
less desirable to steal private capital, enabling more frequent rotation.

Figure 3

3

Rotation, Performance-based Rewards, and “Creative
Destruction”

Rotation also encourages active adaptation and “creative destruction”. As emphasized in the
introduction, reputation-based solutions to the holdup problem rely on relational enforcement, which induces rigidity (Levin, 2003; Chassang 2010) and chocks “creative destruction”
(Acemoglu et al. 2006). In my model, suppose that at the end of Period 1 another entrepreneur arrives with a new project that is better than the old one. The question is
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whether the official adapts to the new scenario and endorses the more productive project instead of the old one. Without rotation, the official pays the cost of learning and can capture
most surplus from the old project. In other words, the official has considerable entrenched
interests in the old project. If instead, the official endorses the new project, she will have to
pay large information rent. On average, the new project produces more surplus than the old
one; but most likely, the official cannot extract more surplus or obtain more performancebased rewards from the new project. As a consequence, the official will be very conservative
and endorse new project only if the realization of the old project’s value is sufficiently low.
With rotation, the official has no entrenched interests with the old project. For either the
new or old project, the official needs to pay information rent to an entrepreneur. As the new
project is more productive than the old one, the official will always endorse the new project.

3.1

Setup

The timeline is similar to Section 2; but in t = 2, with probability p, a new project arrives
that is “better” than the old one. There are still two periods. The old project’s profitability
still follows F (·) with support [y, ȳ] , F 0 ≡ f . At t = 1, we have exactly the same timeline
except for the last stage. Specifically, the profitability of the project y is revealed to the
entrepreneur but not the official. The official can pay a cost c to learn the realization of
y ∼ F (·), which will be revealed to the official next period.
At the end of t = 1, with probability 1 − p, there is no opportunity for a new project.
The official proposes to extract w from the entrepreneur. If the entrepreneur accepts, he will
finish the project and payoffs are realized. If not, the official gets 0 and the entrepreneur
gets −k.
With probability p, another entrepreneur arrives with a new project such that the output
y∼ G(·) with support [y, ȳ] , G0 ≡ g. G(·) first order stochastically dominates F (·). The
official can choose to endorse the old project or the new one but not both. The rationale
is that a local official must devote all her political capital and connections to lobby for one
firm. Dilution of the official’s resources means that firms in her jurisdiction cannot compete
successfully with firms allotted exclusive support in other jurisdictions. The assumption can
be relaxed, but I need at least some capacity constraint in the numbers of firms the official
can support.
Another difference with the workhorse model is that with probability q ∈ (0, 1), the sunk
cost investment k = 0. This is to formalize the problem of entrenched interests: if the old
entrepreneur never invests under an informed official, the official has no available project
to form entrenched interests at all. Of course, we want to avoid q to be too small or too
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large. This ensures strong tensions regarding both the commitment problem and entrenched
interests. There are other ways to impose the tensions, but this is the most parsimonious
one.
Notice that for the new project, there is too little time to do effective learning. Then, she
proposes to extract w from the endorsed project (either the new one or the old one). If the
entrepreneur accepts, he will finish the project, and payoffs are realized. If not, the official
gets 0.
Players’ payoffs with a completed project are very similar to Section 2. Specifically, the
informed official gets w + Ry − c if a project (either the old or the new one) is finished with
productivity y and if the official extracts w from it. The uninformed official gets w + Ry.

3.2

Adaptability with or without Learning

Let us analyze the modified game using “backward induction”. At t = 2, suppose that a new
project arrives and the official did not pay c in t = 1. Then, she will get U1 (R) ≡ maxw [1 −
F (w)]{w +Ef [Ry|y ≥ w]} from endorsing the old project, and U2 (R) ≡ maxw [1−G(w)]{w +
Eg [Ry|y ≥ w]} from the new one. Denote w∗ = argmaxw [1 − F (w)]{w + Ef [Ry|y ≥ w]}
and we = argmaxw [1 − G(w)]{w + Eg [Ry|y ≥ w]}.
If c has been paid, she gets (1 + R)y from supporting the old project in the case where
the old project has been invested (the case where the old project has not been invested is
trivial). We can prove the following result:
Proposition 4: Suppose the official paid c and is thus informed about the old project
that has been invested.
2 (R)
), which increases with R:
1. She will endorse the new project with probability F ( U1+R
performance-based rewards encourage adaptation.
2 (R)
2. ∀R < ∞, F ( U1+R
) < F (Eg (y)), the first-best probability of adaptation. An informed
official holds entrenched interests in the old project, no matter how strong performance-based
rewards are.
The first part of Proposition 4 is simple to prove. The official informed about the old
project endorses the new project if:
(1 + R)y 0 < U2 = [1 − G(w̃)]{w̃ + Eg [Ry|y ≥ w̃]},
where y 0 is a realized draw from F (·). The left-hand side is the payoff to the informed
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official if she sticks with the old project. The right-hand side is the payoff to the official if
she endorses the new project instead. As y 0 ∼ F (·), the probability that the official does so
2 (R)
is F ( U1+R
). Notice that even if G(y) first order stochastically dominates F (y), the official
supports the old project in most cases. This is because the official can extract all surplus
from the old project and ensures an agreement with the entrepreneur at the same time. If
the official supports the new project instead, she suffers from a significant difficulty of rent
extraction, as well as a substantial risk of bargaining breakdown. Thus, although the new
project is “on average” much better than the old project, the official will most likely support
the old project. The official has entrenched interests in the old project.
2 (R)
) with respect to R: we find that the derivate is positive.
Take the derivative of F ( U1+R
U2 (R)
Moreover, limR→∞ F ( 1+R ) = F (Eg (y)), which is the first-best probability of adaptation.
2 (R)
) < F (Eg (y)): we confirm that the informed official must have
Hence, ∀R < ∞, F ( U1+R
entrenched interests, no matter how strong performance-based rewards are.
2 (R)
) inPerformance-based rewards can partially correct entrenched interests, as F ( U1+R
creases with R. However, entrenched interests always persist, as endorsing the new project
always entails some risk of bargaining breakdown, while endorsement of the old project completely avoids it. Bargaining breakdown under the new project vanishes only when R → ∞.
In this case, the payoff from rent extraction is completely dwarfed by the payoff from performance rewards, so the official wants to ensure the completion of the project. Thus, she
extracts w̃(R) → y as R → ∞, so we have U2 = Eg (Ry). By contrast, endorsement of the
old project gives a payoff of y 0 + Ry 0 ; y 0 is a realized draw from F (·). Again, as R → ∞, the
official only cares about performance-based rewards. She simply compares Eg (Ry) and Ry 0 ,
and endorses the new project if Eg (y) ≥ y 0 . This utilizes all information possibly available
to the official in a manner perfectly aligned with the principal’s interests, thus achieving first
best. However, this asymptotic ideal can never work unless R is unrealistically large.
What about the official who did not learn? She has no entrenched interests with the
old project, and thus will support the new project that is “on average” better than the new
project:
Proposition 5: Suppose the official didn’t pay the cost of learning and a new project
arrives with G(y) ≤ F (y), ∀y. The official will always endorse the new project.
For an uninformed official, her payoffs from the new or the old project both entail a
substantial risk of bargaining breakdown. In other words, it is equally challenging for her to
extract from the old and the new projects. Given that the new project is “on average” more
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productive, the uninformed official will support the new project that can offer more rents
and more performance-based rewards. Indeed, the proof of Proposition 5 shows that both
[1 − G(w̃)]w̃ > [1 − F (w∗ )]w∗ (more rents from the new project) and [1 − G(w̃)]E[Ry|y ≥
w̃] > [1 − F (w∗ )]E[Ry|y ≥ w∗ ] (more performance-based rewards from the new project).
Notice that the optimal degree of adaptation is to support the new project with probability F (Eg (y)), while an uninformed official always supports the new project. Rotation solves
the problem of entrenched interests, although at a cost. An official who is constantly rotated
has no incentive to acquire local information, so she can abandon an old project that turns
out to be especially valuable and support the new project precisely because she does not
know the value of the old project. This generates excessive adaptation that is undesirable
from the perspective of the principal and the society. But, of course, this is a “necessary evil”;
otherwise, an informed and unchecked official will just take everything and the entrepreneur
has no incentive to invest in period t = 1.

3.3

Rotation, Performance Rewards, and Adaptation

In t = 1, the official does not pay the cost of learning if:

(1 − π){(1 − p)U1 (R) + pU2 (R)} + π Ũ ≥

n

o

(1 − π) (1 − p) (1 + R) E(y) + p{ΠU2 (R) + (1 − Π)E[(1 + R)y|(1 + R)y ≥ U2 (R)]} + π Ũ − c.
(5)
U2
where Π = F ( 1+R ).
(1−π){(1−p)U1 +pU2 }+π Ũ is the payoff to an official uninformed about the old project.
With probability (1 − π)(1 − p), the official continues her tenure in t = 2 and no new projects
arrive. The official gets U1 . With probability (1 − π)p, the continuing official sees the arrival
of a new project. Proposition 5 tells us that the uninformed official always supports the new
project, which gives her a payoff of U2 .
n
o
(1−π) (1 − p) (1 + R) E(y)+p{ΠU2 (R)+(1−Π)E[(1+R)y|(1+R)y ≥ U2 (R)]} +π Ũ −c
is the payoff to an official informed about the old project. With probability 1 − π, the official
continues her term. When the new project does not arrive (with probability 1−p), the official
gets (1 + R)E[y] from the old project. When the new project arrives, the official supports
2 (R)
the new project if U2 (R) > (1 + R)y 0 , which occurs with probability Π = F ( U1+R
) . With
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probability 1 − Π, the official still supports the old project and gets E[(1 + R)y|(1 + R)y ≥
U2 (R)]. We have a lower bound on rotation frequency:
π ≥1−

c
(1 − p){(1 + R)E(y) − U1 } + p{(1 − Π)[Ef [(1 + R)y|(1 + R)y ≥ U2 ] − U2 ]}

We also need to make sure that the official does not steal the private investment of the
old entrepreneur:
(1 − π){(1 − p)U1 (R) + pU2 (R)} + π Ũ ≥ ηk + (1 − π){(1 − p) ∗ 0 + pU2 (R)} + π Ũ
The left-hand side is the expected payoff to an official who does not steal the private
investment and does not learn about the old project. The right-hand side is the payoff to
an official who steals the private investment from the old entrepreneur. She gets ηk by
stealing the private investment. With probability (1 − π), the predatory official continues
her tenure. Conditional on tenure continuation, the new project arrives with probability
p, and the official’s payoff will be U2 (R); with probability 1 − p, the new project will not
arrive, and the old project’s capital has been stolen by the official, so the official gets 0.
With probability π, the official is moved to another jurisdiction and get Ũ . We again have
an upper limit on rotation frequency:
So we have:
π ≤1−

ηk
(1 − p)U1 (R)

We want to see whether the results in Proposition 2 are robust with the possible arrival
of the new project.
Proposition 6: 1. Sufficiently intense rotation and performance-based rewards induce an
adaptive and benevolent local official. The old and the new entrepreneurs invest accordingly.
In algebra, denote R̂ such that R̂(k) = max{R1 , R2 }, where R1 satisfies(1 − p)S(R1 ) = k
and R2 satisfies [1 − G(w̃(R2 ))][Eg (y|y ≥ w̃(R2 )) − w̃(R2 )} = k. Also,
ηk
c
π = 1 − (1−p){(1+R)E(y)−U1 }+p{(1−Π)[E
, π̄ = 1 − (1−p)U
.
1 (R)
f [(1+R)y|(1+R)y≥U2 ]−U2 ]}
Suppose η is small enough. Then with R > R̂, π ∈ [π, π̄], the official does not steal private
investment and does not pay c, and both the old and the new entrepreneurs reap non-negative
returns.
∂ π̄
2. ∂R
> 0 : the maximum rotation frequency increases with stronger performance rewards.
∂π
3. ∂R > 0 : the minimum rotation frequency increases with stronger performance rewards.
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Figure 4
The results are summarized in Figure 4, which shows that the complementarity between
rotation and performance-based rewards persist under adaptation concerns. Also, with frequent rotation and strong performance-based rewards, the entrepreneur will invest. The
local official will facilitate “creative destruction” if a more productive project arrives. With
stronger performance-based rewards, the equilibrium of high investment and high creative
destruction can only be sustained with more frequent rotation. Thus, we formalize the notion
that rotation and performance-based rewards provide property rights and facilitate “creative
destruction” simultaneously, a remarkable feature rarely satisfied by de facto property rights
based on reputation.

4

A Model with Opportunity of Bargaining before Rotation

A critique of above models is that rotation raises the bargaining power of the entrepreneur
simply because the official and the entrepreneur can only bargain in t = 2. If the official has a
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chance to engage in multiple rounds of bargaining, she may gradually learn the productivity
of the entrepreneur’s project by inferring from the entrepreneur’s strategy to reject or accept
the official’s proposed rent extraction. The official may not need to invest in local knowledge.
If so, anticipated rotation in the future is not helpful at all. In this section, I deal with this
critique by showing that all intuitions in Section 2 are robust even if the players can bargain
in t = 1.
The timeline is the same as that in Section 2.2 except that the official can propose to
extract w1 in t = 1 before she decides whether to learn about y. If the entrepreneur accepts
w1 , the official helps the entrepreneur to finish the project in t = 2 and gets her rent w1 . The
project’s value is still realized in t = 2 because it is a long-term investment. If the official
and the entrepreneur settle an agreement to extract w1 , the official has no incentive to pay
c and learn about the entrepreneur’s project anymore. If w1 is rejected, the official can pay
c to learn y, and the “subgame” is exactly the same as in Section 2.2 following a rejection of
w1 : the principal rotates the official with probability π, the official proposes to extract w2 ,
and the entrepreneur accepts or rejects the proposal.
Assumption 4: Suppose that w1 = w2 . If an entrepreneur with ŷ accepts w1 , then any
entrepreneur with y ≥ ŷ also accepts w1 .
The assumption is crucial to reduce the complexity of the problem when we consider
the official’s strategy to offer w1 = w2 . Without Assumption 4, there are so many possible
distributions of the entrepreneur that reject w1 when w1 = w2 . With Assumption 4, the
official in t = 2 faces a distribution censored from the right, which significantly simplifies the
problem of the official in t = 2.
I can prove the following key result:
Proposition 7:

Denote:

π1 (R) = 1 −

c
.
(1 + R)E[y] − maxw [1 − F (w)]{w + E[Ry|y ≥ w]}

π2 (R) : (1 − π2 (R))maxw2 [1 − F (w2 )]{w2 + E[Ry|y ≥ w2 ]} =

n

n

maxw1 F (w1 ){(1−π){(1+R)E[y|y ≥ w1 ]}+π Ũ −c}+[1−F (w1 )] (1−π){w1 +E[Ry|y ≥ w1 ]}+π Ũ
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oo

.

R̂ : k = [1 − F (w∗ (R̂)]{E[y|y ≥ w∗ (R̂) − w∗ (R)},

1
w∗ (R̂)f (w∗ (R̂))
=
.
1 − F (w∗ (R̂))
1 + R̂

1. If π ≥ π1 (R), π ≥ π2 (R), and R ≥ R̂, the official does not pay c to learn about y, and
the entrepreneur makes the investment k.
2.
∂π2 (R)
∂π1 (R)
> 0,
>0
∂R
∂R
So with stronger performance rewards, the minimum rotation frequency Π(R) = max{π1 (R), π2 (R)}
also rises to guarantee the entrepreneur’s ex ante investment.
Although the algebra becomes much more complex, the core intuition of the paper remains unchanged. As shown in Figure 5, with stronger performance-based rewards, the minimum rotation frequency still rises. The first constraint π ≥ π1 (R) is the same constraint
as in Section 2.2. It guarantees the sequential rationality of no information acquisition after
w1∗ has been rejected. For the second constraint π ≥ π2 (R), it guarantees that the payoff as
an uninformed official is higher than even the highest payoff that detailed information can
deliver, which is:

n

n

maxw1 F (w1 ){(1−π)(1+R)E[y|y ≥ w1 ]+π Ũ −c}+[1−F (w1 )] (1−π){{w1 +E[Ry|y ≥ w1 ]}+π Ũ
(6)

n

o

= maxw1 − F (w1 )c + π Ũ + (1 − π){[1 − F (w1 )]w1 + F (w1 )E[y|y ≤ w1 ] + E[Ry]} . (7)
To understand Equation (6), note that if the official proposes to extract w1 in t = 1, the
entrepreneur gets y − w1 by accepting w1 . If he rejects w1 , the official becomes informed in
t = 2 and extracts all surplus. Thus, the entrepreneur rejects w1 if y − w1 ≤ 0, which occurs
with probability F (w1 ). In this case, the official pays c in t = 1. If not rotated, the official
extracts all surplus, so the expected payoff is U 1 ≡ (1−π){(1+R)E[y|y ≥ w1 ]}+π Ũ −c, where
the unrotated official gets (1+R)E[y|y ≥ w1 ] and the rotated official gets Ũ . If y−w1 ≥ 0, the
entrepreneur accepts w1 , which occurs with probability 1 − F (w1 ). The payoff to the official
is U 2 = (1 − π){w1 + E[Ry|y ≥ w1 ]} + π Ũ : the unrotated official gets w1 + E[Ry|y ≥ w1 ].
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oo

Thus, the payoff to an official planning to pay c is F (w1 )U 1 + [1 − F (w1 )]U 2 = F (w1 ){(1 −
n
o
π)(1 + R)E[y|y ≥ w1 ] + π Ũ − c} + [1 − F (w1 )] (1 − π){{w1 + E[Ry|y ≥ w1 ]} + π Ũ .

Figure 5
Simple algebra gives us Equation (7), which shows that an unrotated and informed official
still reaps full benefit from performance-based rewards with bargaining opportunity in t = 1.
Again, there will be no bargaining breakdown at all: either the players strike a bargain
in t = 1, which delivers a non-negative surplus to the entrepreneur, or the players strike a
bargain in t = 2, when the entrepreneur gets 0. But in either case, there will be no bargaining
breakdown under any circumstance. By contrast, a substantial risk of bargaining breakdown
persists even with multiple rounds of bargaining. If the uninformed official is not rotated, the
maximum utility is still maxw [1 − F (w)]{w + E[Ry|y ≥ w]}. It seems counter-intuitive that
the additional bargaining opportunity cannot improve the payoff of an uninformed official.
She cannot learn anything from the bargaining opportunity in t = 1. This is because it
is never optimal for a forward-looking entrepreneur to reveal information about his type
early in the bargaining process. Given that he is patient, he can wait and exhaust all such
opportunities for the official. Thus, the official cannot benefit from the additional bargaining
opportunity and gets exactly the same utility as the case with only one opportunity to
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bargain. The key implication is that the unrotated and uninformed official still only reaps
partial benefit from performance-based rewards, which is [1 − F (w∗ )]E[Ry|y ≥ w∗ ]}. In
general, even if the players are not fully patient, the official cannot learn everything from
multiple rounds of bargaining (Sobel and Takahashi, 1986). This means that the official
who plans to not pay c remains less informed than the entrepreneur so that bargaining
breakdown is always a possibility. Thus, in more general settings where the players are not
fully patient, stronger performance-based rewards can still tempt the official to invest in
information acquisition, which has to be balanced by more frequent rotation.

5

Empirical Evidence

I examine how anticipated personnel events on local officials affect firms’ decisions in China.
Beforehand, I need to introduce additional institutional background for the empirical analysis. Local governments have four tiers in China. There are 31 provincial-level units, with 10
to 15 cities/prefectures in each province. A city usually has jurisdiction over several counties.
The two key officials for a city are the party secretary and the mayor. The party secretary is
the chief official in the city. The mayor is formally subordinate to the secretary because the
mayor always holds the concurrent position of a deputy party secretary. However, there is
a distinctive division of labor between the party secretary and the mayor. The party secretary wields political power unmatched by any other official in the city. She guarantees such
power through direct control of the organizational department and propaganda department,
the two most powerful departments in city party committee. The organizational department
in a city controls all political appointment at the county level. The propaganda department
directs state-owned media and controls censorship of commercial media. However, everyday
management of the city government is the sole responsibility of the mayor. Specifically, all
economic departments, such as revenue, construction, and commerce, are under the direct
leadership of the mayor. By contrast, the city party committee does not include any economic departments. This arrangement is in stark contrast to local politics in the Soviet
Union, where the party secretary also wields direct economic power through economic departments in the party committee. The empirical strategy heavily relies on variation from
the dual leadership.
Figure 6 illustrates the definition of rotation and promotion that I will use in the empirical
analysis. Rotation is defined as a lateral transfer for a mayor to another mayor position.
A promotion event occurs when a mayor is appointed as the secretary of her own city. A
large literature documents that promotion in China is strongly correlated with performance
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(Maskin et al. 2000; Li and Zhou, 2005; Jia et al. 2017), so a promotion opportunity is a
special form (and the most common form) of performance-based rewards in China. Rotation
and promotion occur when a mayor is promoted as a secretary in another city.

Figure 6
The provincial organizational department devises and implements personnel management
of all city-level officials, including the appointment of both the party secretary and the mayor
of a city. Hence, transfer of city officials across provinces is very rare, which has important
implications for the empirical analysis.

5.1

Testable Implications from the Theory

The main testable implication is the complementarity of rotation and performance-based
rewards. The theory predicts that a firm invests more when the prospect of rotation and
promotion are strong for the mayor of the city where the firm locates. The effect should be
robust even after I account for the individual effects of rotation and promotion. The ideal
experiment is to randomly assign mayors into four groups. The first group serves as the
control group; the second group receives only promotion prospect; the third group receives
only rotation prospect; the fourth group receives both. As such random assignment is rare, I
want to utilize variation in anticipated rotation and promotion that are arguably exogenous.
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Figure 7
Specifically, I extensively explore the “jackknife” or “leave-one-out” variation (see Figure
7). A natural proxy for future rotation events is the anticipated retirement of mayors in
other cities 4 . City-level officials in China face a mandatory retirement age of 60. Before
that, they are usually transferred to an honorary and powerless position in the legislature as
a transition to full retirement at 60 (Wang, 2016; Xi et al. 2017). This event can happen any
time after the city-level official turns 56. Thus, if the mayor of City B turns 56, all officials
in the province expect a job vacancy in the next four years. When the mayor of City B is
actually assigned the honorary position or even retires from on her job, the mayor in City A
is among the likely candidates to fill up the mayorship in City B. Hence, I proxy anticipated
rotation by the fraction of mayors in other cities that are more than 56 years old.
For a promotion event, I look at whether the secretary in a specific city (e.g., City A)
is more than 56 years old. In such a case, the mayor in city A anticipates a high likelihood
of promotion if the city’s economy grows fast, as the mayor of City A is the most likely
candidate for the secretary position in City A.
We have a few proxies for the complementarity between rotation and promotion. The
interactions between the above proxies for rotation and promotion can reasonably measure
4

I only look at mayors in other cities, but in the same province. This is because, as mentioned, personnel
management at city-level is controlled by the provincial organizational department. So inter-provincial
transfers of city-level officials are extremely rare.
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the complementarity effect. In addition, the anticipated retirement of secretaries in other
cities improves the prospect of both rotation and promotion for a mayor, providing another
variable that approximates the complementarity. Figure 7 illustrates the empirical variation
I used to construct the proxies for anticipated personnel events.
To summarize: if my theory captures an important dimension of China’s political economy, coefficients should be positive and precisely estimated for the interaction terms between
proxies for rotation and promotion and for the fraction of secretaries in other cities who are
more than 56 years old.
The effect should also be different for private firms vs. state-owned enterprises (SOEs).
We should observe a much more pronounced response from private firms to better-protected
property rights, but the effect should be smaller for SOEs that have already enjoyed substantial bargaining power against the mayor.

5.2

Relevance of Retirement in Other Cities on a Mayor’s Own
Tenure

I obtain personnel data on officials from Chen (2016). For each city-year observation, the
dataset identifies the governing secretary and mayor along with their age, gender, ethnicity, education, and work experience. The dataset covers all cities in the 27 provinces and
autonomous regions between 2000 and 2010 5 . For firm covariates, I obtain them from Annual Survey of Industrial Production (ASIP). The survey contains all firms that have annual
sales above 5 million RMB (equivalent to 800,000 USD). For each firm-year observation,
the survey records the location, sales, inventory, number of employees, total assets, fixed
assets (physical capital), accumulated depreciation, liquid assets (such as cash and account
receivables), intangible assets (such as intellectual property), liability, industry code, and
ownership by paid-in capital. I use the balance sheet data to construct the measurement of
physical capital and also many other firm characteristics as control variables. I merge the
ASIP data with official personnel data so that each firm-year observation is identified with
officials governing the city where the firm locates. Summary statistics for key variables are
provided in Table 1.
5

In other words, it only excludes the four cities that enjoy provincial status: Beijing, Shanghai, Tianjin,
and Chongqing. It is reasonable to exclude these cities, as their mayors and party secretaries are (exceptionally important) officials with provincial ranks. It is the Central Organizational Department (rather than the
provincial branch) that manages such prestigious positions. In addition, the availability of these positions is
irrelevant to the mayor and the party secretary of a typical city, who only enjoy city ranks. This is because
even the strongest candidate with a city rank can only be promoted to a position with a deputy provincial
rank.
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Before testing the theoretical predictions, I document the relevance of retirement in other
cities for mayor turnover in a specific city. The regression I run is:
njt = µj + P Ct + retirement of other secretariesjt +retirement of other
mayorsjt + sjt + mjt + εjt .
njt is whether the mayor j’s term terminates in the year t. µj is mayor fixed effects. P Ct
is the well-documented effect of “party congress”: turnover rate is high in years before party
congress (Xi et al. 2017). The retirement of other secretaries/mayors records the fraction
of secretaries/mayors who are 59 years old in the province in the year t − 1. These officials
will all retire within the year t. In the process, their retirement generates many vacancies
for the provincial organizational department to fill up.
sjt denotes whether the secretary co-ruling with the mayor j is older than 56, and mjt
is whether mayor j is older than 56. Robustness checks with different age cutoffs are implemented, showing similar results. Alternative specifications using logit models produce
similar estimates. They are omitted here. All standard errors are clustered at the mayor
level.
Table 2 shows that retirement of other secretaries or mayors is strongly correlated with
a mayor’s turnover. When secretaries or mayors in other cities retire, it strongly predicts
termination of a mayor’s term. Other covariates also make economic sense. If the mayor or
the secretary is old, turnover is more likely. An old mayor faces high “risk” of a transfer to
an honorary position, while an old secretary increases the likelihood of promotion for the
mayor. For the party congress effects, the omitted years are “party congress in 5 years”. As
the Party Constitution requires a meeting of the party congress every 5 years, the omitted
category represents the year immediately following a party congress. This year comes with
the lowest turnover probability. We can see that the two years before the party congress,
along with the year when party congress assembles, have pronounced higher likelihood of
turnover. This finding is consistent with prior studies (Xi et al. 2017). In Columns (4) and
(5), the retirement of other secretaries is defined as the fraction of other secretaries that were
58 (57) two (three) years ago. A similar definition applies to the retirement of other mayors.
The results are very similar to Column (3).

5.3

Anticipated Retirement on Composition of Capital

The main empirical specification is:
yit = α0 + µi + λt + Xit ρ0 + ρ1 sit + ρ2 Rit + βsit ∗ Rit + γCit + εit ,
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(8)

where yit is the ratio of fixed assets to total assets. In the Chinese Accounting Standards,
fixed assets are defined as physical capital with long-term returns. µi is firm fixed effects,
λt is year fixed effects, and si is a proxy for performance-based rewards. As said, studies
on Chinese politics document that an age cutoff works very well to proxy for promotion
opportunities (Wang, 2016; Xi et al. 2017). A secretary older than 56, who will retire in the
next four years, is a precursor to a promotion opportunity for the mayor. Hence, I denote
sit = 1 if the secretary is older than 56 and 0 otherwise. Rit is the fraction of mayors in other
cities older than 56. Cit records the fraction of secretaries in other cities older than 56. We
are mainly interested in the coefficients on sit ∗Rit and Cit . Xit is a vector of control variables
in all specifications of Tables 3 and 4. It includes rich covariates measuring characteristics
about the firm, as well as the mayor and the party secretary of the city where the firm
locates. For firm characteristics, I control (lag and logarithm of) output, the number of
employees, value added, profit, management fee, inventory, firm age, and debt. For official
characteristics, I control (for both the mayor and the party secretary) age, gender, ethnicity,
education, and work experience (includes whether the official used to work in the Communist
Youth League and whether the official used to work as a personal assistant or the director
of the office for a senior official)6 .
Table 3 lists the main results of the paper. The first two rows are proxies for the complementarity of rotation and performance-based rewards. Column (1) is restricted to mayors
who are in their first or second year in office. Notice that we have precisely estimated coefficients for the fraction of old secretaries in other cities, but the coefficient on sit ∗ Rit is
not precisely estimated. Columns (2) and (3) split the sample into young mayors and old
mayors, with the cutoff at 53 years old7 . We can see that the effects of anticipated rotation
and promotion are much stronger for young mayors than for old mayors. In Column (2), the
two proxies are both precisely estimated and economically significant for young mayors. If
the fraction of old secretaries in other cities increase by 1%, a firm raises the ratio of fixed
assets to total assets by 0.114%. The two proxies become either imprecisely estimated or
have the wrong sign for old mayors in Column (3). The results are reasonable, as anticipated job vacancy is much less relevant for old mayors than for the young mayors. As a
consequence, the anticipated rotation and promotion induced by expected job vacancy have
a much stronger impact on young mayors than on old mayors. In other words, Column (3)
6
Whenever possible, I also include whether the mayor is older than 56, and its interaction with Rit . They
are always insignificant with very small point estimates. They are also dropped from most specifications as
the sample is usually restricted to either young or old mayors.
7
This cutoff allows me to cluster standard errors at the city level for Column (3). If I use cutoffs larger
than 54, there are too few cities to cluster for Column (3). The qualitative results are quite similar, however,
if I employ different cutoffs.
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serves as a placebo test, while Column (2) is the preferred specification because anticipated
job vacancy provides the strongest incentives for young mayors new in office.
Column (4) is another placebo test, as it examines young mayors serving in office for more
than three years. As the average term of a mayor is 3.8 years, these mayors face a higher
hazard of immediate turnover. Presumably, they have less incentive to promote long-term
investment, which generates payoffs after these mayors finish their tenures. The results in
Column (4) show that the coefficient on sit ∗ Rit is similar in scale but imprecisely estimated,
while the coefficient on Cit has a wrong sign.
Column (5) and Column (6) split the sample of young mayors new in office to test
heterogeneous effects on private firms vs. SOEs. We can see that the coefficient on Cit is
very precisely estimated for both private firms and SOEs, but the point estimator for private
firms is about 40% higher than that for SOEs. The second proxy for the complementarity
effect sit ∗ Rit is precisely estimated for private firms, but it is imprecisely estimated with
the wrong sign for SOEs. Taken together, Columns (5) and (6) lend additional support to
the theory. We do find that the effects of anticipated rotation and promotion are smaller for
SOEs, presumably because SOEs already enjoy large bargaining power against local officials.

5.4

Timing of Anticipated Retirement on Composition of Capital

Table 4 summarizes the results to test whether there are any dynamically heterogenous
effects. Specifically, I define three separate Cit : Cit1 is the fraction of secretaries in other
cities that are more than 58 years old; Cit2 is the fraction of secretaries in other cities between
56 and 57 years old; and Cit3 is the fraction of secretaries in other cities between 53 and 55
years old. Rit1 , Rit2 , Rit3 are defined in a similar manner. Thus, I run:
yit = α0 +µi +λt +Xit ρ0 +ρ1 sit +ρ2 Rit +β1 sit ∗Rit1 +β2 sit ∗Rit2 +β3 sit ∗Rit3 +γ1 Cit1 +γ2 Cit2 +γ3 Cit3 +εit .
β1 to β3 and γ1 to γ3 capture the dynamic heterogeneity of anticipated personnel events,
if any. Column (1) of Table 4 again includes all mayors who are new in office. We can see
that the coefficient on Cit2 is precisely estimated, while coefficients on Cit1 and Cit3 are either
very small or have a negative sign. None of the coefficients on sit ∗ Rit2 , sit ∗ Rit2 , or sit ∗ Rit3
are precisely estimated. In the preferred specification, Column (2), both the coefficients on
Cit2 and sit ∗ Rit2 are precisely estimated, while all other coefficients are either imprecisely
estimated or have negative signs. Columns (3) and (4) are placebo tests using old mayors
and mayors in their 3rd or 4th year in office. Columns (5) and (6) again split the sample
into private firms and SOEs, and we can see that the precisely estimated coefficients on Cit2
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and sit ∗ Rit2 are mostly driven by private firms.
Hence, the most relevant personnel events are those during 3 to 4 years from now. Those
that will happen within 2 years have few effects, while those that will happen in 5 to 7
years have, at most, negative effects. Anticipated personnel events within 2 years cannot
be influenced much by long-term investment today, which usually generates payoffs in the
more distant future. In other words, it is largely determined who will fill up the job vacancy
available in 2 years. Thus, mayors have less incentive to promote long-term investment to
bid for job vacancies available almost immediately. For those personnel events that occur
more than 5 years from today, it is also less relevant for the mayors who have on average 3.8
years of tenure. The presence of many mayors and secretaries between the age 53 and 55 can
even intensify competition for the most lucrative positions for the next few years, as these
officials are fully qualified for personnel shifts. As these officials have one last big chance for
a meaningful promotion before retirement and as they are also the most experienced officials
that can be promoted, they constitute the most formidable competitors for higher positions.
This explains why we find a negative sign for β3 and γ3 .
By contrast, job vacancy available 3 to 4 years from now will be released at exactly the
time when the new mayor, with an average tenure of 3.8 years, anticipates that her tenure
will be finished. Thus, the availability of jobs elsewhere precisely 3 to 4 years from now is
especially meaningful for the mayors who just took office. This explains why we see especially
pronounced effects for job vacancies anticipated in the “intermediate” future.

6

Conclusion

The paper studies how strong bureaucratic capacity can support a thriving private economy.
Bureaucratic capacity is actually the focus of the seminal contributions to the study of state
capacity (Weber, 1922; Mann, 1986), but it gets less attention from recent important efforts
to formalize state capacity (Besley and Persson, 2011). Building on prior works on bureaucracies, the key new insight of the paper is that frequent rotation and intense performance
evaluation cover each other’s weakness and work together to empower the entrepreneurs.
Another new insight is about the acute tradeoff between commitment and flexibility. Rotation and performance evaluation can resolve the tradeoff and achieve strong commitment
and flexibility simultaneously, a remarkable feature rarely satisfied by other commitment
devices. Thus, the analysis generates a sharp prediction: countries with well-disciplined
bureaucracies are more likely to escape “the middle-income trap”. These disciplined bureaucracies are ready to support any new firms and technologies because their officials are more
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insulated from entrenched interests. By contrast, weak bureaucracies can still solve the commitment problem through long-term interactions between officials and entrepreneurs. But
the long-term interaction fosters strong entrenched interests, which will drag these countries
into “middle-income trap”. The analysis clarifies many puzzles. Among others, it explains the
divergence between “East Asian Miracles” with their strong bureaucracies and the stagnated
industrialization of many countries in Latin America and Southeast Asia, where bureaucracies are much weaker (Evans, 1995).
There are many other research questions related to this paper. For example, even if
carefully designed, are there dark sides of such bureaucracy-assisted development? In a
work in progress, I analyze the interactions between bureaucracy and market development. I
show that the bureaucracy can only be effective with a sufficiently high level of marketization;
but ironically, a bureaucracy made effective by marketization will crowd out further market
reforms. The model predicts active market reforms for a few periods followed by a long
stagnation. The analysis matches many episodes of reform stagnation. Among others, after
two decades of radical pro-market reforms (Roland, 2019), economic reforms in China largely
stopped after the year 2005 (Naughton, 2018). The extended model explains both the prior
active reforms and the stagnation afterward, demonstrating an important problem with
bureaucracy-centered development.
Also, this paper treats bureaucratic capacity as largely pre-determined. Where does
strong bureaucratic capacity come from? I investigate the problem in two other papers I am
working on. Using formal models and unique historical data, I show that an autocrat only
invests in bureaucratic capacity after recruiting most officials from commoner backgrounds
and ensuring their loyalty by establishing specific forms of checks and balances. The followup papers clarify the social and political foundations of bureaucratic capacity.
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Table 1: Summary Statistics Part I

Firm characteristics
ratio of fixed assets
fixed assets
"flexible" assets
output
debt
inventory
management
#emloyees
firm age
ownership:
state
private
foreign

count

mean

sd

min

max

2211700
2211700
1810983
2051817
2200074
2097618
2191117
2058589
2211601

.3529688
8.574127
8.817254
10.24835
9.178852
7.728052
6.900411
4.800024
12.15931

.228051
1.751689
1.753437
1.414884
1.746334
1.879163
1.634475
1.148959
11.67262

0
0
0
0
0
0
0
0
1

.9999979
19.15294
18.03701
19.70661
18.85835
17.45033
17.41659
13.25281
363

2571858 .0718267 .2582007
2571858 .7132773 .452231
2571858 .2148731 .4107343

0
0
0

1
1
1

.2161407
.1635695
4.196176
.2870807

1
0
36
0

2
1
60
1

.4820075
.4919167

0
0

1
1

Mayor characteristics
gender
2167305 1.950869
ethnicity
2152417 .9724881
age
2165908 50.48117
age ≤ 56
2179957 .9093711
Work experience
Youth league
2150124 .3670756
Director of office
2149246 .5895435
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Table 1: Summary Statistics Part II

count
Secretary characteristics
gender
ethnicity
age
Secretary > 56
Work experience:
Youth Leagure
Director of office
Anticipated retirement
Fraction of other secretaries
older than 56
Fraction of other mayors
older than 56

mean

sd

min

max

1782536 1.980095 .1396751
1734758 .9361456 .2444935
1770591 52.07351 3.766545
2179957 .2959815 .4564828

1
0
39
0

2
1
60
1

1781359 .345736
1790342 .6562059

.4756078
.4749735

0
0

1
1

1888847

.1735954

.1465631

0

1

1888847

.117085

.1096847

0

1

The following variables are in log scale: fixed assets, "flexible" assets, output, debt, inventory,
management, number of employees. "Flexible" assets sums up liquid assets and intangible assets.
Ownership variables are indicators: whether the firm is an SOE, private firm, or foreign firm. The
ownership characterization is based on paid-in capital. For gender, 1 indicates female, 2 indicates
male. For ethnicity, 0 indicates ethnic minority, 1 indicates Han Chinese. Work experience includes
two dummies: whether the official used to serve in Communist Youth League; whether the official
used to work as director of the office.
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Table 2: Relevance of Others’ Retirement on Own Turnover
(1)

(2)

(3)
Mayor Turnover

(4)

(5)

Retirement of
other secretaries

0.629∗∗
(0.301)

1.222∗∗∗
(0.389)

0.830∗∗∗
(0.317)

0.615∗∗∗
(0.212)

0.784∗∗∗
(0.185)

Retirement of
other mayors

1.838∗∗∗
(0.462)

2.702∗∗∗
(0.634)

2.133∗∗∗
(0.627)

1.808∗∗∗
(0.509)

1.550∗∗∗
(0.377)

Secretary age
> 56

0.0737∗∗∗
(0.0181)

0.298∗∗∗
(0.0337)

0.255∗∗∗
(0.0370)

0.254∗∗∗
(0.0370)

0.257∗∗∗
(0.0370)

Mayor age
> 56

0.176∗∗∗
(0.0395)

0.400∗∗∗
(0.0680)

0.398∗∗∗
(0.0647)

0.398∗∗∗
(0.0649)

0.396∗∗∗
(0.0672)

0.152∗∗∗
(0.0322)

0.163∗∗∗
(0.0316)

0.162∗∗∗
(0.0315)

2 years

0.157∗∗∗
(0.0271)

0.170∗∗∗
(0.0267)

0.164∗∗∗
(0.0263)

3 years

0.0232
(0.0213)

0.0248
(0.0216)

0.00781
(0.0217)

Party congress in:
this year

Mayor FE
N
adj. R2

No

Yes

Yes

Yes

Yes

2884
0.022

2884
0.088

2884
0.112

2884
0.112

2884
0.116

Standard errors are in parentheses and are clustered at mayor level. * p<0.1, ** p<0.05, *** p<0.01.
The dependent variable is whether the mayor’s term is terminated in year t.
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44
376654
0.659

N
adj. R2
279576
0.667

young
early
all

-0.0104
(0.0103)

78940
0.703

old
early
all

110072
0.702

young
late
all

0.00745
(0.00890)

258531
0.659

young
early
private+foreign

-0.0128
(0.0103)

-0.00393
(0.0393)

0.184∗∗
(0.0782)

0.118∗∗∗
(0.0242)

(5)
fixed assets

16117
0.731

young
early
SOEs

0.00994
(0.0137)

-0.0548
(0.0416)

-0.0560
(0.0807)

0.0737∗∗∗
(0.0178)

(6)
fixed assets

the official used to work as a personal assistant or the director of the office for a senior official).

gender, ethnicity, education, work experience (includes whether the official used to work in the Communist Youth League and whether

management fee, inventory, firm age, and debt. For official characteristics, I control (for both the mayor and the party secretary) age,

officials’ characteristics. For firm characteristics, I control (lag and logarithm of) output, the number of employees, value added, profit,

ratio of fixed assets to total assets. All specifications control firm fixed effects, year fixed effects, the firm’s characteristics, and the

Standard errors are in parentheses and are clustered at city level. * p<0.1, ** p<0.05, *** p<0.01. The dependent variable is the

all
early
all

Sample:
Mayor age
Mayor term
Firm ownership

0.000457
(0.0106)

own secretary old (sit )

-0.0183
(0.0196)

0.0974∗
(0.0548)

0.107∗
(0.0579)

-0.00108
(0.0468)

fraction of other
mayors old (Rit )

-0.00411
(0.0373)

0.202∗
(0.104)

-0.581∗
(0.328)

0.157∗∗
(0.0773)

0.0611
(0.0778)

own secretary old*
other old mayors (sit ∗ Rit )

-0.0322
(0.0570)

0.0591
(0.0496)

0.114∗∗∗
(0.0231)

0.120∗∗∗
(0.0232)

(4)
fixed assets

fraction of other
secretaries old (Cit )

(3)
fixed assets

(2)
fixed assets

(1)
fixed assets

Table 3: Anticipated Job Vacancy on Capital Composition
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-0.0361
(0.0414)
0.386
(0.302)

-0.0202
(0.0202)
-0.107∗∗
(0.0473)

-0.0331∗∗
(0.0163)
-0.0382
(0.0383)
all
early
all
376654
0.660

fraction of other secretaries
3)
retire 5 to 7 years (Cit

own secretary old * other
3)
mayors retire 5 to 7 years (sit ∗ Rit

Sample:
Mayor age
Mayor term
Firm ownership
N
adj. R2

young
late
all
110072
0.703

-0.158∗
(0.0802)

-0.00935
(0.0294)

0.101
(0.125)

-0.0426
(0.0681)

young
early
private+foreign
258531
0.661

-0.104∗∗
(0.0478)

-0.0201
(0.0211)

0.307∗∗
(0.134)

0.114∗∗∗
(0.0301)

-0.134
(0.136)

0.0737
(0.0526)

(5)
fixed assets

young
early
SOEs
16117
0.732

-0.133∗∗
(0.0659)

-0.0141
(0.0201)

0.157
(0.181)

0.0820∗∗∗
(0.0263)

-0.261∗∗∗
(0.0912)

0.0655∗
(0.0376)

(6)
fixed assets

Standard errors in parentheses and are clustered at city level. * p<0.1, ** p<0.05, *** p<0.01. The dependent variable is the ratio of fixed assets to total assets. All
specifications control firm fixed effects, year fixed effects, the firm’s characteristics, and the officials’ characteristics. For firm characteristics, I control (lag and logarithm
of) output, the number of employees, value added, profit, management fee, inventory, firm age, and debt. For official characteristics, I control (for both the mayor and the
party secretary) age, gender, ethnicity, education, work experience (includes whether the official used to work in the Communist Youth League and whether the official used
to work as a personal assistant or the director of the office for a senior official).

old
early
all
78940
0.705

-1.032∗∗∗
(0.244)

0.280∗∗
(0.134)

0.0680
(0.127)

own secretary old * fraction of other
2)
mayors retire 3 to 4 years (sit ∗ Rit

young
early
all
279576
0.668

0.0247
(0.0475)

0.111∗∗∗
(0.0287)

0.117∗∗∗
(0.0296)

fraction of other secretaries
2 )
retire 3 to 4 years from now (Cit

-0.0592
(0.219)

1.560∗
(0.853)

-0.150
(0.128)

-0.0170
(0.0950)

0.00853
(0.0689)

(4)
fixed assets

0.0790
(0.0802)

own secretary old * fraction of other
1)
mayors retire in 2 years (sit ∗ Rit

0.0663
(0.0488)

(3)
fixed assets

0.00644
(0.0456)

(2)
fixed assets

fraction of other secretaries
1)
retire in 2 years (Cit

(1)
fixed assets

Table 4: Timing of Anticipated Job Vacancy on Capital Composition

Appendix
A1 Proofs for Propositions
Proposition 1 The entrepreneur will invest under sufficiently strong performancebased rewards.
Algebrically, denote R̂ such that 1 − F (w∗ (R̂))]{E[y|y ≥ w∗ (R̂)] − w∗ (R̂)} = k. The
entrepreneur expects a non-negative profit if R ≥ R̂.
Proof: By Assumption 1, k > [1 − F (w∗ (R = 0))]{E(y|y ≥ w∗ (R = 0)) − w∗ (R =
w∗ f (w∗ )
w∗ f (w∗ )
1
= 1+R
. As R → ∞, 1−F
→ 0. So limR→∞ w∗ (R) = 0.
0)}. Recall that 1−F
(w∗ )
(w∗ )
limR→∞ [1 − F (w∗ (R))]{E(y|y ≥ w∗ (R)) − w∗ (R)} = [1 − F (0)]{E[y|y ≥ 0] − 0} = E[y] > k
by Assumption 1.
Notice that:
∂
[1 − F (w∗ )]{E(y|y ≥ w∗ (R)) − w∗ } =
∂R
∂
{
∂R

= −w∗ (R)f (w∗ )

ˆ

ȳ

zf (z)dz − [1 − F (w∗ (R))]w∗ }
w∗

dw∗
dw∗ (R)
− {[1 − F (w∗ (R)) − w∗ (R)f (w∗ )}
dR
dR

= −wf (w∗ )

dw∗
dw∗
> 0 as
<0
dR
dR

So ∃! R̂ such that ∀ R ≥ R̂, k ≤ [1 − F (w∗ )]{E(y|y ≥ w∗ ) − w∗ }. This covers the sunk
cost of investment for the entrepreneur.
Q.E.D.
Proposition 2 1. Sufficiently strong rotation and performance-based rewards incentivizes the entrepreneur to invest.
In algebra, denote R̂(k) and π(R, c) such that [1−F (w∗ (R̂))]{E(y|y ≥ w∗ (R̂))−w∗ (R̂)} =
c
k and π(R, c) = 1 − (1+R)E[y]−[1−F (w∗ (R))]{w
∗ +E[Ry|w ∗ (R)≤y]} . If R > R̂(k) and π ≥ π(R, c), the
entrepreneur will reap non-negative return.
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2. ∂π(R,c)
> 0: the minimum rotation frequency increases with stronger performance∂R
based rewards. If minimum rotation frequency does not change, stronger performance-based
rewards incentivize the official in t = 1 to pay c, and the official in t = 2 will fully predate
entrepreneur.
Proof: The first claim: If π < π, the official pays c, and the entrepreneur anticipates a
net profit of −k if he invests.
If π ≥ π, the official will not pay c. The entrepreneur anticipates a net profit of [1 −
F (w∗ (R))]{E(y|y ≥ w∗ (R)) − w∗ (R)} − k.
Propostion 1 already shows that under an uninformed official, ∃! R̂ such that ∀ R ≥ R̂,
k ≤ [1 − F (w∗ )]{E(y|y ≥ w∗ ) − w∗ }. This covers the sunk cost of investment for the
entrepreneur.
c
. So it is sufficient to prove that
The second claim: π = 1 − (1+R)E[y]−[1−F (w)]{w+E[Ry|y≥w]}
∆ ≡ (1 + R)E[y] − maxw [1 − F (w)]{w + E[Ry|y ≥ w]} is an increasing function of R. Apply
Envelope Theorem,
∂∆
= E[y] − [1 − F (w)]E[y|y ≥ w∗ ]
∂R
ˆ

ȳ

´ ȳ

zf (z)dz
zf (z)dz − [1 − F (w)]
=
[1 − F (w)]

ˆ

w∗

=
y

w∗

zf (z)dz > 0
y

Q.E.D.
c
Proposition 3 Denote π(R) ≡ 1 − (1+R)E[y]−[1−F (w∗ (R))]{w
∗ (R)+E[Ry|y≥w ∗ (R)]} ,
ηk
π̄(R) ≡ 1 − [1−F (w∗ (R))]{w∗ (R)+E[Ry|y≥w∗ (R)]} . For R ≥ 0, ∃π ∈ [π(R), π̄(R)], such that the
local official neither acquire information nor steal capital.
Moreover, if R0 < R00 , then π(R0 ) < π(R00 ), and π̄(R0 ) < π̄(R00 ), In other words, the
complementarity between rotation and performance-based rewards persist.
Proof:
To have π ≤ π̄, we need:

1−

c
ηk
≤ 1−
∗
∗
∗
∗
∗
(1 + R)E[y] − [1 − F (w )]{w + E[Ry|y ≥ w ]}
[1 − F (w )]{w + E[Ry|y ≥ w∗ ]}

D ≡ (c + ηk)([1 − F (w∗ )]{w∗ + E[Ry|y ≥ w∗ ]}) − ηk(1 + R)E[y] ≥ 0

47

for R = 0, we have D(R = 0) = (c + ηk)(1 − F (w∗ (0))]w∗ (0) − ηkE[y] > 0, or
E[y]
− 1.
[1−F (w∗ (0))]w∗ (0)
Now we need ∆(R) to be an increasing function:

c
ηk

>

∆0 (R) = (c + ηk)([1 − F (w∗ )]E[y|y ≥ w∗ ]}) − ηkE[y] > 0
´ w∗

zf (z)dz
c
F (w∗ )E[y|y ≤ w∗ ]
y
> ´ ȳ
=
ηk
[(1 − F (w∗ )]E[y|y ≥ w∗ ]
zf (z)dz
w∗
´ w∗

It is easy to see that maxR

y
´ ȳ
w∗

zf (z)dz
zf (z)dz

´ w∗ (R=0)

=

y

´ ȳ

zf (z)dz

zf (z)dz
w∗ (R=0)

. So it is sufficient that:

c
F (w∗ (R = 0))E[y|y ≤ w∗ (R = 0)]
>
ηk
[(1 − F (w∗ (R = 0))]E[y|y ≥ w∗ (R = 0)]
.
The second claim can be proved by noting that both π(R) and π̄(R) are increasing
function of R. π 0 (R) > 0 has been shown in Theorem 1. For π̄ 0 (R) > 0, it is shown in the
text.
Q.E.D.
Proposition 4: Suppose the official paid c and is thus informed about the old project
that has been invested.
1
e w+E
e
e
[1−G(w)]{
1. She will endorse the new project with probability F ( 1+R
g [Ry|y ≥ w]}),
which increases with R: performance-based rewards encourage adaptation.
1
e w
e + Eg [Ry|y ≥ w]})
e
2. ∀R < ∞, F ( 1+R
[1 − G(w)]{
< F (Eg (y)), the first-best probability
of adaptation. An informed official holds entrenched interests in the old project, not matter
how strong performance-based rewards are.
Proof: The official will get (1 + R)y from the old project, while get an expected value
e w
e + Eg [Ry|y ≥ w]}
e from the new project. He will endorse the new project
of [1 − G(w)]{
1
e w
e + Eg [Ry|y ≥ w]},
e
if (1 + R)y ≤ [1 − G(w)]{
which happens with probability F ( 1+R
[1 −
e w
e + Eg [Ry|y ≥ w]}).
e
G(w)]{
For the first claim:
∂[F (

1
e w
e + Eg [Ry|y ≥ w]})]/∂R
e
[1 − G(w)]{
=
1+R
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ˆ ȳ
1
1
e
e
e
= f {−
zg(z)dz}
[1 − G(w)]{w + Eg [Ry|y ≥ w]} +
(1 + R)2
1 + R we
´ ȳ
´ ȳ
´ ȳ
e w
e−R
e
(1 + R) we zg(z)dz − [1 − G(w)]
zg(z)dz
(z − w)g(z)dz
w
e
= f{
} = f we
>0
2
(1 + R)
(1 + R)2
1
1
e w
e + Eg [Ry|y ≥ w]})
e
So the upper bound of F ( 1+R
[1 − G(w)]{
is limR→∞ F ( 1+R
[1 −
[1−G(w)]{
e
w+E
e
[Ry|y≥
w]}
e
g
e w
e + Eg [Ry|y ≥ w]})
e
).
G(w)]{
= F (limR→∞
1+R
´ ȳ
´ ȳ
[1−G(w)]{
e w+E
e g [Ry|y≥w]}
e
= limR→∞ w(R)
zg(z)dz = y zg(z)dz =
Using L’Hospital’s Rule, limR→∞
1+R
e
Eg (y). Notice that Eg (y) < ȳ, so F (Eg (y)) < 1.

Q.E.D.
Proposition 5 Suppose the official didn’t pay the cost of learning and a new project
arrives with G(y) ≤ F (y), ∀y. Then the official will always endorse the new project.
Proof: By definition,
e w
e + Eg [Ry|y ≥ w]}
e ≥
U2 ≡ maxw [1 − G(w)]{w + Eg [Ry|y ≥ w]} = [1 − G(w)]{

ˆ
∗

∗

∗

∗

ȳ

∗

[1 − G(w ){w + Eg [Ry|y ≥ w ]} = [1 − G(w )]w + R

zg(z)dz
w∗

´ ȳ
´ ȳ
Notice that w∗ zg(z)dz ≥ w∗ zf (z)dz because of F.O.S.D.8 Also, because G(y) ≤ F (y)∀y,
[1 − G(w∗ )]w∗ ≥ [1 − F (w∗ )]w∗ . So we have:
ˆ
∗

ˆ

ȳ

∗

∗

U2 ≥ [1 − G(w )]w + R

ȳ

∗

zg(z)dz ≥ [1 − F (w )]w + R
w∗

zf (z)dz ≡ U1
w∗

So it is optimal for the official always to endorse the new project.
Q.E.D.
8

This comes from an equivalent definition of first order stochastic dominance.
Specifically,
“G f.o.s.d. F ”
´
´
⇔ “G(y) ≤ F (y) ∀y” ⇔ “For every weakly increasing utility function u, u(x)dG ≥ u(x)dF .”
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Proposition 6 1.Sufficiently frequent rotation plus sufficiently strong performancebased rewards will induce a benevolent local government. The old entrepreneur will invest
accordingly.
´ w∗ (0)

2. If p <

´ w∗ (0)
y

zf (z)dz
´
,
zf (z)dz+ yȳ zg(z)dz
y

then complementarity between rotation and performance-

based rewards retains. Specifically, if x increases, then π increases, where:

π =1−

c
(1 − p){(1 + R)E(y) − U1 } + p{(1 − Π)[Ef [(1 + R)y|(1 + R)y ≥ U2 ] − U2 ]}

(9)

Proof: Assume the official doesn’t learn the profitability of the first-period project. To
induce investment from the first-period entrepreneur with k > 0, it must be that k≤(1 −
p)[1 − F (w∗ )]{E(y|y ≥ w∗ ) − w∗ }. Proof is similar to in the first part of Proposition 2,
though the conditions on R̂ is stronger.
c
From (5), we immediately get π ≥ 1− (1−p){(1+R)E(y)−U1 }+p{(1−Π)[E
≡
f [(1+R)y|(1+R)y≥U2 ]−U2 ]}
π.
To prove second part, it is sufficient to show that Q ≡ (1 − p){(1 + R)E(y) − U1 } + p{(1 −
Π)[Ef [(1 + R)y|(1 + R)y ≥ U2 ] − U2 ]} is an increasing function of R.
∂Q
= (1 − p){E(y) −
∂R
ˆ

w∗

= (1 − p)
y

Denote M ≡
ˆ
M=

ˆ

ȳ
U2 (R)
1+R

ȳ
U2 (R)
1+R

∂
{(1
∂R

ˆ

ȳ

∂
zf (z)dz} + p
{(1 + R)
∂R
w∗

∂
zf (z)dz + p
{(1 + R)
∂R
+ R)

´ ȳ
u2 (R)
1+R

ˆ

ˆ

ȳ
U2 (R)
1+R

zf (z)dz − (1 − F (

ȳ
U2 (R)
1+R

zf (z)dz − (1 − F (

U2
))U2 }
1+R

U2
))U2 }
1+R

U2
zf (z)dz − (1 − F ( 1+R
))U2 }:

ˆ ȳ
U2 (R) U2 (R) ∂ U2 (R)
∂
U2 (R)
U2 (R)
zf (z)dz−(1+R)
f[
]
[
]−
F[
]U2 (R)−(1−F [
])
zg(z)dz
1 + R 1 + R ∂R 1 + R ∂R 1 + R
1+R
w
e

ˆ ȳ
U2 (R) ∂ U2 (R)
U2 (R)
∂ U2 (R)
U2 (R)
zf (z)dz−U2 (R)f [
]
[
]−f [
]U2 (R)
[
]−(1−F [
])
zg(z)dz
1 + R ∂R 1 + R
1+R
∂R 1 + R
1+R
w
e
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ˆ
=

ȳ
U2 (R)
1+R

ˆ ȳ
ˆ ȳ
U2 (R)
])
zg(z)dz ≥ −
zg(z)dz
zf (z)dz − (1 − F [
1+R
w
e
y

So:
∂Q
≥ (1 − p)
∂R

ˆ

ˆ

w∗

zf (z)dz − p

ˆ

ȳ

zg(z)dz ≥ (1 − p)
y

y

ˆ

w∗ (0)

zf (z)dz − p
y

ȳ

zg(z)dz
y

´ w∗ (0)

We can immediately see that when p <

´ w∗ (0)
y

zf (z)dz
´
, ∂Q
zf (z)dz+ yȳ zg(z)dz ∂R
y

≥ 0.
Q.E.D.

Proposition 7

Denote:

π1 (R) = 1 −

c
(1 + R)E[y] − maxw [1 − F (w)]{w + E[Ry|y ≥ w]}

π2 (R) : (1 − π2 (R))maxw2 [1 − F (w2 )]{w2 + E[Ry|y ≥ w2 ]} =

maxw1 {−F (w1 )c+(1−π2 (R)){[1−F (w1 )]{w1 +E[Ry|y ≥ w1 ]}+F (w1 )(1+R)E[y|y ≥ w1 ]}}

R̂ : k = [1 − F (w∗ (R̂)]{E[y|y ≥ w∗ (R̂) − w∗ (R̂)},

w∗ (R̂)f (w∗ (R̂))
1
=
∗
1+R
1 − F (w (R̂))

1. If π ≥ π1 (R), π ≥ π2 (R), and R ≥ R̂, the official does not pay c to learn about y, and
the entrepreneur makes the investment k.
2.
∂π1 (R)
∂π2 (R)
> 0,
>0
∂R
∂R
So with stronger performance-based rewards, minimum rotation frequency Π(R) = max{π1 (R), π2 (R)}
also rises to guarantee the entrepreneur’s ex ante investment.
Proof:
Denote:
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w∗ = argmaxw [1 − F (w)]{w + E[Ry|y ≥ w]}
w∗ is the optimal extraction at t = 2 for an uninformed official with no entrepreneur
accepting w1 .
Notice that at t = 2 the newly appointed official also honors w10 , the contract that the
veteran official made in t = 1. Also, if the entrepreneur rejects w10 , the information set for a
newly appointed official is exactly the same as the veteran official. They also have the same
utility. So they must offer the same w20 .
In t = 2, the dominant strategy is for entrepreneur to accept w20 if y ≥ w20 and entrepreneur has not accepted in t = 1.
Back to t = 1. For all w10 ∈ [y, ȳ], For all w10 ∈ [y, ȳ], I now derive the set of strategies
that can satisfy sequential rationality. This enables the official to predict her payoff if she
chooses a specific w10 .
1. Fix a w10 ≥ w∗ : There are two cases: the official finds it sequentially rational to pay c
or pay 0. The strategy at learning stage is a function of w10 . Denote learn(w10 ) = 1 if the
official learns after w10 and learn(w10 ) = 0 otherwise.
1.1 Suppose learn(w10 ) = 1: Given that learn(w10 ) = 1 is sequentially rational, the entrepreneur accepts any y − w10 ≥ 0 as in t = 2 he gets 0 surplus.
Given that learn(w10 ) = 1 is sequentially rational, the official asks to extract w20 = y for
any entrepreneur who did not accept w10 .
The utility of w10 if learn(w10 ) = 1 is sequentially rational is:
U ({w10 , learn(w10 ) = 1}) = −F (w10 )c+(1−π){[1−F (w10 )]{w10 +E[Ry|y ≥ w10 ]}+(1+R)E[y|y ≤ w10 ]}+π Û
1.1 Suppose learn(w10 ) = 0: If y − w10 > y − w20 or w10 < w20 , entrepreneur accepts w10 if
y ≥ w10 . This is impossible as:
w20 = argmaxw P rob(w ≤ y|y ≤ w10 }{w + E[Ry|w ≤ y, given y ≤ w10 ]} < w10
If y − w10 ≤ y − w20 or w10 ≥ w20 , entrepreneur rejects w10 . In this case:
w20 = argmaxw [1 − F (w)]{w + E[Ry|y ≥ w]} = w∗
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Indeed w10 ≥ w20 = w∗ , consistent with the assumption that w10 ≥ w∗ .
So given that learn(w10 ) = 0 is sequentially rational:
U ({w10 , learn(w10 ) = 0}) = (1 − π)[1 − F (w∗ )]{w∗ + E[Ry|y ≥ w∗ ]} + π Û
So by choosing w10 ≥ w∗ , the maximum utility the official can get is:
n

max − F (w10 )c + (1 − π){(1 + R)E[y|y ≤ w10 ] + [1 − F (w10 )]{w10 + E[Ry|y ≥ w10 ]} + π Û }

, (1 − π)[1 − F (w∗ )]{w∗ + E[Ry|y ≥ w∗ ]} + π Û

o

2. Fix a w10 < w∗ :
2.1 Suppose learn(w10 ) = 1: The algebra is the same as 1.1. We have:
U ({w10 , learn(w10 ) = 1}) = −F (w10 )c+(1−π){[1−F (w10 )]{w10 +E[Ry|y ≥ w10 ]}+(1+R)E[y|y ≤ w10 ]}+π Û
1.1 Suppose learn(w10 ) = 0: If y − w10 > y − w20 or w10 < w20 , entrepreneur accepts w10 if
y ≥ w10 . This is impossible as:
w20 = argmaxw P rob(w ≥ w|w ≤ w10 ){w + E[Ry|w ≤ y, given y ≤ w10 ]} < w10
If y − w10 < y − w20 or w10 > w20 , entrepreneur rejects w10 . In this case:
w20 = argmaxw [1 − F (w)]{w + E[Ry|y ≥ w]} = w∗
Another contradiction as we assume w10 > w20 and w∗ > w10 .
The only possible case is w10 = w20 . Given Assumption 4, suppose that the cutoff is ŵ
such that an entrepreneur with y ≥ ŵ accepts w10 . We have ŵ > w10 . Entrepreneur with
w10 ≤ y < ŵ accepts w20 . To make w20 = w10 sequentially rational, it must be that ŵ satisfies:
w10 = w20 = argmaxw prob(w ≤ y, given y ≤ ŵ){w + E[Ry|w ≤ y, given y ≤ ŵ]}
The probability density function of f (y|y ≤ ŵ) =
We have:
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f (y)
F (ŵ)

≡ g(y, ŵ) with support on [y, ŵ].

ˆ

´ ŵ

ŵ

f (z|z ≤ ŵ)dz =

prob(w ≤ y, given y ≤ ŵ) =
w

ˆ

f (z)
F (ŵ) − F (w)
dz =
1 − F (ŵ)
F (ŵ)
w

ŵ

zg(z, ŵ|z ≥ w)dz

E[y|w ≤ y, given y ≤ ŵ] =
w

g(z, ŵ|z ≥ w) =

g(z, ŵ)
f (z)/F (ŵ)
f (z)/F (ŵ)
f (z)
=
=
=
´ w f (v)
F
(w)
1 − G(w; ŵ)
F (ŵ) − F (w)
1 − y F (ŵ) dv
1 − F (ŵ)

Thus we have:
´ ŵ

E[y|w ≤ y, given y ≤ ŵ] =

zf (z)dz
F (ŵ) − F (w)
w

So:
prob(w ≤ y, given y ≤ ŵ){w + RE[y|w ≤ y, given y ≤ ŵ]}
´ ŵ
F (ŵ) − F (w) w zf (z)dz
F (ŵ) − F (w)
w+R
=
F (ŵ)
F (ŵ)
F (ŵ) − F (w)

[F (ŵ) − F (w)]w + R
=
F (ŵ)
As w10 = w20 = argmaxw =

[F (ŵ)−F (w)]w+
F (ŵ)

´ ŵ
w

zf (z)dz

´ ŵ
w

zf (z)dz

, F.O.C. tells us that:

1
w10 f (w10 )
=
0
F (ŵ) − F (w1 )
1+R
1
1+R
w10 f (w10 ) 9
.
1−F (w10 )

As

=

w∗ f (w∗ )
,
1−F (w∗ )

it is indeed the case that w10 < w∗ :

1
1+R

=

w∗ f (w∗ )
1−F (w∗ )

w10 f (w10 )
F (ŵ)−F (w10 )

>

Note that when w10 ≥ w∗ , I did not discuss this equilibrium where w10 = w20 , y ≥ ŵ accepts w10 , and
≤ y < w10 accepts w20 . Such equilibrium does not exist, as it requires:

9

w20

=

w10

=

w20

[F (ŵ) − F (w)]w + R
= argmaxw
F (ŵ)
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´ ŵ
w

zf (z)dz

So if learn(w10 ) = 0 is sequentially rational following a w10 < w∗ , then:
n

U ({w10 , w10 (learn) = 0}) = (1 − π) [1 − F (ŵ)]{w10 + E[Ry|y ≥ ŵ]}

+F (ŵ)

[F (ŵ) − F (w10 )]w10 + R

´ ŵ
w10

zf (z)dz o

F (ŵ)

+ π Ũ

ˆ
U ({w10 , learn(w10 )

= 0}) =

(1−π){[1−F (ŵ)]{w10 +E[Ry|y

ŵ

≥ ŵ]}+[F (ŵ)−F (w)]w+R

zf (z)dz}+π Ũ
w

The maximum utility of the official from a w10 < w∗ is:
n

max − F (w10 )c + (1 − π){[1 − F (w10 )]{w10 + E[Ry|y ≥ w10 ]} + (1 + R)E[y|y ≤ w10 ] + π Û },
ˆ
(1 − π){[1 −

F (ŵ)]{w10

ŵ

+ E[Ry|y ≥ ŵ]} + [F (ŵ) − F (w)]w + R

zf (z)dz} + π Û

o

w

We have derived the function of official’s payoff at t = 1 for any w10 and learning decision.
We can use this function to find the sequential equilibrium strategy.
I want to ensure that learn(w10 ) = 0 is the strategy on equilibrium path. That gives a
utility of:
U (w10 , learn(w10 ) = 0) =






(1 − π)[1 − F (w∗ )]{w∗ + E[Ry|y ≥ w∗ ]} + π Û






(1 − π){[1 − F (ŵ)]{w1 + E[Ry|y ≥ ŵ]} + {[F (ŵ) − F (w)]w + R

w10 ≥ w∗
´ ŵ
w

zf (z)dz} + π Û w10 < w∗

Notice that:
ˆ

ŵ

[1 − F (ŵ)]{w1 + E[Ry|y ≥ ŵ]} + {[F (ŵ) − F (w)]w + R

zf (z)dz}
w

We still need
that w10 ≥ w∗ .

w∗ f (w∗ )
1−F (w∗ )

=

1
1+x

=

w10 f (w10 )
F (ŵ)−F (w10 )

>

w10 f (w10 )
1−F (w10 )
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, so w10 < w∗ . A contradiction to the assumption

ˆ
=

ˆ

ȳ

w10

zf (z)dz +

f (z)dz + R
ŵ

ŵ

ˆ
=

w10

ˆ

ȳ

ˆ

ȳ

ˆ

ŵ

ŵ

zf (z)dz

f (z)dz + R
w10

w10

ȳ

f (z)dz + R
w10

w10

w10

zf (z)dz = [1 − F (w10 )]{w10 + E[Ry|y ≥ w10 ]}

≤ [1 − F (w∗ )]{w∗ + E[Ry|y ≥ w∗ }
So it is always optimal to choose w10 ≥ w∗ .
In that case, I want to make sure that at the stage of learning, it is not optimal to learn:
−c + (1 − π)(1 + R)E[y] ≤ (1 − π)[1 − F (w∗ )]{w∗ + E[Ry|y ≥ w∗ ]}
And at the stage to decide w10 , the utility from not learning is also larger than the highest
utility from learning:
(1 − π)maxw2 [1 − F (w2 )]{w2 + E[Ry|y ≥ w2 ]} ≥
maxw1 {−F (w1 )c + (1 − π){[1 − F (w1 )]{w1 + E[Ry|y ≥ w1 ]} + F (w1 )(1 + R)E[y|y ≥ w1 ]}}
π(R) is defined as:
(1 − π(R))maxw2 [1 − F (w2 )]{w2 + E[Ry|y ≥ w2 ]} =
maxw1 {−F (w1 )c + (1 − π(R)){[1 − F (w1 )]{w1 + E[Ry|y ≥ w1 ]} + F (w1 )(1 + R)E[y|y ≥ w1 ]}}
By Envelope Theorem and Implicit Function Theorem:
(1 − π(R))[1 − F (w∗ )][E[y|y ≥ w∗ ] − π 0 (R)U ∗ = (1 − π(R)){[1 − F (w1∗ )]E[y|y ≥ w1 ] +
F (w1∗ )E[y|y ≤ w1∗ ]} − π 0 (R)U˜∗
where U ∗ = [1 − F (w∗ )]{w∗ + E[Ry|y ≥ w∗ ]}, U˜∗ = [1 − F (w1∗ )]{w1∗ + E[Ry|y ≥ w1∗ ]} +
F (w1∗ )(1 + R)E[y|y ≥ w1∗ ]}, we need Ũ ∗ − U ∗ > 0 for the analysis to meaningful. So:
π 0 (R) =

1 − π(R)
{[1 − F (w1∗ )]E[y|y ≥ w1 ] + F (w1∗ )E[y|y ≤ w1∗ ] − [1 − F (w∗ )][E[y|y ≥ w∗ ]}
∗
∗
˜
U −U
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ˆ w∗
ˆ
ˆ ∗
1 − π(R) ȳ
1 − π(R) w
= ∗
zf (z)dz −
zf (z)dz] = ∗
zf (z)dz > 0
[
U˜ − U ∗ y
U˜ − U ∗ y
y
Π(R) = max{π1 (R), π2 (R)} is an increasing function of R because π1 0 (R) > 0 and
π2 0 (R) > 0.
Q.E.D.

A2 The Model when the New Official is never Informed
In this appendix, I validate my claim that it is not necessary for the newly appointed official
to know everything about the project and we can still uncover the complementarity, though
under more restrictive conditions. Suppose that the cost of learning is a random variable
c ∼ H(c). To illustrate the extreme case, assume that the newly appointed official knows
nothing about the project except F (y), even if the old official invests c. The old official will
invest c if:
c < (1 − π){(1 + R)E[y] − [1 − F (w∗ (R))]{w∗ + E[Ry|w∗ (R) ≤ y]}} = (1 − π)∆(R).
Hence, the expected surplus of the entrepreneur should satisfy:
≡S(R)

}|

z

{

{π + (1 − π){1 − H[(1 − π)∆(R)]}} [1 − F (w∗ (R))]{E(y|y ≥ w∗ (R)) − w∗ (R)} > k.
With probability π, the official is replaced with a new one who is uninformed, and the
entrepreneur reaps a surplus of S(R). With probability 1 − π, the same official governs
in t = 1 and t = 2, and she does not pay c with probability 1 − H[(1 − π)∆(R)]. Thus,
the expected surplus for the entrepreneur is {π + (1 − π){1 − H[(1 − π)∆(x)]}}S(R) =
{1 − (1 − π){1 − H[(1 − π)∆(R)]}}S(R).
The left-hand side is monotonically increasing in π. Define π such that:
{1 − (1 − π)H[(1 − π)∆(R)]}[1 − F (w∗ (R))]{E(y|y ≥ w∗ (R)) − w∗ (R)} = k.
|

{z

M (π,R)

}

We have:
HS(R)dπ + (1 − π)h∆(R)S(R)dπ − (1 − π)2 h∆0 (R)S(R)dx + M (π, R)S 0 (R)dR = 0
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(1 − π)2 h∆0 (R)S(R) − M (π, R)S 0 (R)
dπ
=
.
dR
HS(R) + (1 − π)h∆(R)
With ∆0 (R) > 0, S 0 (R) > 0, we have two competing effects. S 0 (R) > 0 formalizes the
notion that performance-based rewards induce an uninformed official to extract less. However, stronger performance-based rewards increase the temptation to become informed in
dπ
the first place, as ∆0 (R) > 0 shows. The sign of dR
depends on the relative strength of the
two mechanisms. Nonetheless, the main intuition is robust: the official will be more likely
to invest in information acquisition with stronger performance rewards, and the complementarity between rotation and performance rewards is preserved if the information acquisition
effect is sufficiently strong.
For Section 3.2, we have similar results. Again, assume that the old official’s cost of information acquisition c ∼ H(c). She will pay c with probability H((1−π){(1 − p) (1 + R) E(y)+
˜
p{ΠU2 + (1 − Π)E[(1 + R)y|(1 + R)y ≥ U2 ]} − {(1 − p)U1 + pU2 ]}} ≡ H((1 − π)∆(R)).
The
˜ 0 (R) > 0 (as π = 1 − ˜ c and Proposition 6
second claim of Proposition 6 shows that ∆
∆(R)
shows that dπ/dR > 0 ). The minimum rotation frequency to induce investment from the
entrepreneur is:
=S(R)

z

}|

{

˜
k = (1 − p) {[1 − (1 − π)H[(1 − π)∆(R)]
{[1 − F (w∗ (R)]{Ef [y|y ≥ w∗ (R)] − w∗ (R)}.
|

{z

}

≡M̃ (π,R)

The entrepreneur with project y ∼ F (y) gets support from the uninformed official only
if the new project does not arrive. If a new project arrives, an uninformed official always
supports the new project, while an informed official awards zero rent to the entrepreneur
with project y ∼ F (y) regardless of which project she chooses to endorse. However, when
the new project does not arrive, we have the same situation as in Section 2.2. Because
˜ 0 (R) > 0, S 0 (R) > 0, the two competing effects determine whether rotation complements
∆
performance or not.

A3 General Functional Forms for Performance-based Rewards
We can construct a more elaborated model for the reduced-form formulation of the key
parameter x to facilitate its interpretation. Suppose now that the game is infinitely repeated,
with a discount factor β ∈ (0, 1). In each period, the official has a chance of promotion
with probability V (y, α), where ∂V
> 0, ∂V
> 0, and V ∈ (0, 1): higher output means
∂y
∂α
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higher likelihood of promotion, and α is an exogenous shifter that increase the probability
of promotion for any output level. Also, V (0, α) = 0: there is no promotion opportunity
for the official without any achievements. Suppose in equilibrium the utility of the official is
U , and a promotion event adds a utility of R to that. Suppose that the rotation frequency
π = 0. By definition:
ˆ

ˆ

ȳ

{V (z, α)[U + R] + (1 − V (z, α))U }f (z)dz +

U = maxw [1 − F (w)]w + β{
w∗

w∗

U f (z)dz}
y

ˆ
∗

ȳ

∗

= [1 − F (w )]w + βU + β

V (z, α)f (z)dz
w∗

1
β
U=
[1 − F (w∗ )]w∗ +
R
1−β
1−β

ˆ

ȳ

V (z, α)f (z)dz
w∗

1
The official derives a utility from a stream of future rents, which is 1−β
[1 − F (w∗ )]w∗ ; she
´ ȳ
β
also values the promotion opportunity, which gives her an additional utility of 1−β
R w∗ V (z, α)f (z)dz.
The F.O.C. yields:

1 − F (w∗ ) − f (w∗ )w∗ − βRV (w∗ , α)f (w∗ ) = 0

w∗ + βRV (w∗ , α) =

1 − F (w∗ )
≡ s(w∗ )
f (w∗ )

s0 < 0 by Monotone Hazard Rate Property. We can do standard comparative statics of
w∗ with respect to β:
dw∗ + RV dβ + βR

∂
V (w∗ , α) = s0 dw∗
∂w∗

∂w∗
RV (w∗ , α)
=−
<0
∂β
1 − s0 (w∗ ) + βR ∂w∂ ∗ V (w∗ , α)
Similarly, we can derive:
∂w∗
βV (w∗ , α)
=−
<0
∂R
1 − s0 (w∗ ) + βR ∂w∂ ∗ V (w∗ , α)

59

∂
β ∂α
V (w∗ , α)
∂w∗
=−
<0
∂
∂α
V (w∗ , α)
1 − s0 (w∗ ) + βR ∂β

So an uninformed official extracts fewer rents if: promotion opportunity is valuable; the
official is patient; the probability of promotion increases (because, for example, more higher
positions are available). These are all very intuitive results.
A3.1 The Complementarity between Rotation and Performance-based Rewards
This section proves similar results as Proposition 2. If the official choose to pay c, her payoff
will be:
ˆ ȳ
0
U = E[y] + β
{V (z, α)[U + R] + (1 − V (z, α))U }f (z)dz
y

ˆ

ȳ

= E[y] + βU + β

V (z, α)Rf (z)dz
y

ˆ

ˆ

ȳ
∗

0

ȳ

∗

V (z, α)f (z)dz − {[1 − F (w )]w + βU + βR

∆ = U − U = E[y] + βR

V (z, α)f (z)dz}
w∗

y

We find that:
∂U
=β
∂R

ˆ
y

w∗

∂U
=R
V (z, α)f (z)dz > 0,
∂β

ˆ
y

w∗

∂U
= βR
V (z, α)f (z)dz > 0,
∂α

ˆ

w∗

y

∂V (z, α)
f (z)dz > 0
∂α

So the official wants to accumulate local knowledge if: promotion opportunity is valuable;
the official is patient; the probability of promotion increases. The traditional parameters
that should improve welfare all increase the benefit of local knowledge and exacerbate the
temptation to learn.
With probability π of rotation, the official does not pay c if:
ˆ
∗

ˆ

ȳ

∗

V (z, α)f (z)dz}+π Ũ ≥ (1−π){E[y]+βU +β

(1−π){[1−F (w )]w +βU +β
w∗

V (z, α)Rf (z)dz}+π Ũ −c
y
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ȳ

π ≥ 1−

E[y] + βR

´ ȳ
y

c
c
´ ȳ
= 1− ≡ π
∗
∗
∆
V (z, α)f (z)dz − {[1 − F (w )]w + βU + βR w∗ V (z, α)f (z)dz}

∂π
∂π
∂π
> 0,
> 0,
>0
∂R
∂β
∂α
By taking a reduced-form approach in Section 2, we can neatly summarize the key finding
∂π
∂π
∂π
> 0, ∂β
> 0, and ∂α
> 0 in one equation. We can do so because the mechanisms
that ∂R
∂π
∂π
∂π
that drives ∂R > 0, ∂β > 0, and ∂α
> 0 are similar. Higher values of R, β, or α all raise the
benefit of local knowledge that necessitates intense rotation.
The same with Section 2.2, π ≥ π is a necessary condition for the entrepreneur to
invest. We also need that the entrepreneur expects more surplus than the cost of investment:
∂S
> 0, ∂S
> 0, ∂S
> 0:
S ≡ [1 − F (w∗ )]{E[y|y ≥ w∗ ] − w∗ } ≥ k. We can show that ∂R
∂β
∂α
ˆ
∗

∗

ˆ

ȳ

∗

zf (z)dz − w

S = [1 − F (w )]{E[y|y ≥ w ] − w } =
w∗

∂S
=−
∂R

ˆ

ȳ

f (z)dz
w∗

ȳ

∗

f (z)dz
w∗

∂w∗
>0
∂R

> 0, ∂S
> 0 are similar. We can summarize this section by (without loss
Proofs for ∂S
∂β
∂α
of generality, set β = 1):
Proposition A2: 1. Sufficiently strong rotation and performance-based rewards incentivize the entrepreneur to invest.
In algebra, denote R̂(k, α) and π(R, α, c) such that [1 − F (w∗ (R̂))]{E(y|y ≥ w∗ (R̂)) −
c
w∗ (R̂)} = k and π(R, α, c) = 1 − E[y+V (y,α)R]−[1−F (w∗ )]{w
∗ +E[V (y,α)R|w ∗ ≤y]} . If R > R̂(k, α)
and π ≥ π(R, α, c), the official does not pay c, and the entrepreneur will reap a non-negative
return.
2. ∂π(R,α,c)
> 0 and ∂π(R,α,c)
> 0: the minimum rotation frequency increases when
∂R
∂α
performance-based rewards are stronger. If the minimum rotation frequency does not change,
more intense performance-based rewards incentivize the official in t = 1 to pay c, and the
official in t = 2 will fully predate the entrepreneur.
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Figure A1: fixed α.

Figure A2: α1 > α2 .
Notice that these key results impose minimal assumption on V (y, α): we only require
that V (y, α) ∈ [0, 1] is an increasing function on y and α. This is true for all the following
sections (except Section A3.4). Specifically, we don’t need to make any assumptions on
the curvatures of V or the cross derivatives. This demonstrates that the complementarity
between rotation and performance-based rewards is highly generic.
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A3.2 Roving bandits and the Complementarity between Rotation
and Performance-based Rewards
Without loss of generality, let us re-focus on the two-period model and assumes β = 1. At
the end of her term, the official either gets a promotion (with payoff R) or enters retirement
(with payoff 0). The official will not steal capital if:
ˆ
∗

ȳ

∗

ηk + π ∗ Ũ + (1 − π) ∗ 0 ≤ π ∗ Ũ + (1 − π) ∗ {[1 − F (w )]w + R

V (z, α)f (z)dz}
w∗

π ≤1−

[1 −

F (w∗ )]w∗

ηk
´ ȳ
≡ π̄(R, α)
+ R w∗ V (z, α)f (z)dz

Notice that:
∂ π̄
ηk
´ ȳ
=
∗
∗
∂R
{[1 − F (w )]w + R w∗ V (z, α)f (z)dz}2

ˆ

ȳ

V (z, α)f (z)dz > 0
w∗

Also:
∂ π̄
ηk
´ ȳ
=
R
∂α
{[1 − F (w∗ )]w∗ + R w∗ V (z, α)f (z)dz}2

ˆ

ȳ

w∗

∂V (z, α)
f (z)dz > 0
∂α

So a rise in R, or α raises the stake of promotion opportunity, making the official less
tempted to steal private capital. With similar regularity assumption (as Assumption 3), we
have:
c
Proposition A3: Denote π ≡ 1 − E[y+V (y,α)R]−[1−F (w∗ )]{w
∗ +E[V (y,α)R|y≥w ∗ ]} ,
ηk
π̄ ≡ 1 − [1−F (w∗ )]{w∗ +E[V (y,α)R|y≥w∗ ]} . ∀R ≥ 0, ∃π ∈ [π, π̄], such that the local official
neither acquires information nor steals capital.
Moreover, if R0 < R00 , then π(R0 , α) < π(R00 , α), and π̄(R0 , α) < π̄(R00 , α), Stronger
performance-based rewards complement and are complemented by more frequent rotation.

A3.3 Adaptation: the Informed official
This section proves results analogous to Proposition 4. This is the only section where the
second derivative matters. Specifically, I need to assume that V is convex in y. A new
project arrives with probability p. The productivity of the project follows G(·) that f.o.s.d.
F (·). The results are for R. They also (trivially) applies to α if α enters V (y, α) linearly.
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Proposition A4: Suppose V (y, α) is convex in y. If the official paid c and is thus
informed about the old project:
She will endorse the new project with probability F (ŷ), where ŷ satisfies ŷ + V (ŷ, α)R =
[1 − G(w̃)]{w̃ + Eg [V (y, α)R|y ≥ w̃]} ≡ U2 . F (ŷ) increases with R: performance-based
rewards encourages adaptation.
Proof: Suppose that the old entrepreneur in t = 1 has invested. The informed official
supports the new project if:
ˆ
0

ȳ

0

y + RV (y , α) ≤ [1 − G(w̃)]w̃ + R

V (z, α)g(z)dz.
w̃

w̃ maximizes the right hand side of the inequality. y 0 is a draw from F (·). As the left
´ ȳ
hand side is monotone in y 0 , ∃! ŷ such that ŷ + RV (ŷ, α) = [1 − G(w̃)]w̃ + R w̃ V (z, α)g(z)dz.
The probability that the informed official supports the new project is thus F (ŷ(R, α)).
We are mainly concerned whether the increase in the value of promotion opportunity R
encourages adaptation. As dF (ŷ(R,α))
= f dŷ(R,α)
, the sign of dF (ŷ(R,α))
depends on dŷ(R,α)
. We
dR
dR
dR
dR
have:
ˆ ȳ
∂V
V (z, α)g(z)dzdR
dŷ + R
dŷ + V dR =
∂ ŷ
w̃

dŷ
=
dR

´ ȳ
w̃

V (z, α)g(z)dz − V (ŷ, α)
1 + R ∂V
∂ ŷ

´ ȳ
The sign depends on w̃ V (z, α)g(z)dz − V (ŷ, α).
By contradiction, suppose that V (z, α)g(z)dz − V (ŷ, α) < 0. As by definition ŷ +
´ ȳ
´ ȳ
RV (ŷ, α) = [1−G(w̃)]w̃ +R w̃ V (z, α)g(z)dz, we have ŷ −[1−G(w̃)]w̃ = w̃ V (z, α)g(z)dz −
V (ŷ, α) < 0, or ŷ < [1 − G(w̃)]w̃.
´ ȳ
Notice that w̃ V (z, α)g(z)dz = [1 − G(w̃)]Eg [V (y, α)|y ≥ w̃]. By conditional Jensen’s
Inequality, as V (y, α) is convex in y, we have:
[1 − G(w̃)]V (E[y|y ≥ w̃], α) ≤ [1 − G(w̃)]Eg [V (y, α)|y ≥ w̃]
Together with [1 − G(w̃)]Eg [V (y, α)|y ≥ w̃] < V (ŷ, α) and ŷ < 1 − G(w̃)]w̃:
[1 − G(w̃)]V (E[y|y ≥ w̃], α) < [1 − G(w̃)]Eg [V (y, α)|y ≥ w̃] < V (ŷ, α) < V ([1 − G(w̃)]w̃, α).
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Thus, [1 − G(w̃)]V (E[y|y ≥ w̃], α) < V ([1 − G(w̃)]w̃, α).
As V (y, α) is convex in y , by definition V ([1−G(w̃)]w̃, α) = V ([1−G(w̃)]w̃+G(w̃)∗0, α) <
[1 − G(w̃)]V (w̃, α) + G(w̃)V (0, α) = [1 − G(w̃)]V (w̃, α).
So we have [1 − G(w̃)]V (E[y|y ≥ w̃], α) < [1 − G(w̃)]V (w̃, α), or E[y|y ≥ w̃] < w̃, this is
´ ȳ
a contradiction. So it must be that w̃ V (z, α)g(z)dz − V (ŷ, α)] > 0.
Q.E.D.
As before, the first best from the perspective of the principal is to support the old project
if and only if y 0 ≥ Eg (y).
The asymptotic result as R → ∞ becomes: the official supports the old project if and only
´ ȳ
if V (y 0 , α) ≥ y V (z, α)g(z)dz = Eg [V (y, α)]. So in general, there is still distortion even as
R → ∞, as the official takes the curvature of promotion function V (y, α) into consideration.
Specifically, as V (y, α) is convex in y, Eg (V (y, α)) > V (Eg (y), α). So if the official
supports the old project (i.e., V (y 0 , α) ≥ Eg [V (y), α)]), we have V (y 0 , α) > V (Eg (y), α) or
y 0 > Eg (y): the principal also prefers the old project. Thus, there are cases where the
principal prefers the old project, but the official supports the new project: the informed
official excessively adapts when R → ∞.

A3.4 Adaptation: the Uninformed official
This section is analogous to Proposition 5. Again, she always supports the new project:
e w
e +βREg [y|V (y, α) ≥ w]}
e ≥
U2 ≡ maxw [1−G(w)]{w +βREg [V (y, α)|y ≥ w]} = [1−G(w)]{

ˆ
∗

∗

∗

∗

ȳ

∗

[1 − G(w ){w + βREg [V (y, α)|y ≥ w ]} = [1 − G(w )]w + βR

V (z, α)g(z)dz
w∗

´ ȳ
´ ȳ
Notice that w∗ V (z, α)g(z)dz ≥ w∗ V (z, α)f (z)dz because of F.O.S.D.10 Also, because
G(y) ≤ F (y) ∀y, [1 − G(w∗ )]w∗ ≥ [1 − F (w∗ )]w∗ . So we have:
ˆ
∗

ˆ

ȳ

∗

∗

U2 ≥ [1 − G(w )]w + βR

ȳ

∗

V (z, α)g(z)dz ≥ [1 − F (w )]w + βR
w∗

V (z, α)f (z)dz ≡ U1
w∗

So it is optimal for the official always to endorse the new project. Notice that an uninformed official is still more much adaptive than an informed official even as R → ∞.
´

10

Again, “G f.o.s.d. F ” ⇔ “G(y) ≤ F (y) ∀y” ⇔ “For every weakly increasing utility function u,
u(x)dF .”
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´

u(x)dG ≥

Proposition A5 is exactly the same as Proposition 5:
Proposition A5: Suppose the official didn’t pay the cost of learning and a new project
arrives with G(y) ≤ F (y), ∀y. The official will always endorse the new project.

A3.5 Adaptation: the Complementarity between Rotation and Performance Rewards
This section is analogous to Proposition 6. The official does not pay c if:
(1 − π){(1 − p)U1 + pU2 } + π Ũ ≥

n

o

(1−π) (1−p){Ef [y+RV (y, α)]}+pΠU2 +(1−Π){Ef [y+RV (y, α)|y+RV (y, α) ≥ U2 ]} +π Ũ −c
where Π = F (ŷ), ŷ + RV (ŷ, α) = U2 .
Proposition A6: 1. Sufficiently intense rotation and performance-based rewards induce an
adaptive and benevolent local official. The old and the new entrepreneurs invest accordingly.
In algebra, denote R̂(k, α) such that R̂(k, α) = max{R1 , R2 }, where R1 satisfies(1−p)[1−
F (w∗ (R1 , α))]{Ef (y|y ≥ w∗ (R1 , α))−w∗ (R1 , α)} = k and R2 satisfies [1−G(w̃(R2 , α)][Eg (y|y ≥
c
.
w̃(R2 , α))−w̃(R2 , α)} = k. Also, π = 1− (1−p){E(y+V (y,α)R)−U1 }+p{(1−Π)[E
f [y+V (y,α)R|y+V (y,α)R≥U2 ]−U2 ]}
If R > R̂ and π ≥ π, the official does not pay c, and both the old and the new entrepreneurs
reap non-negative returns.
´ w∗ (0)

∗

2. Denote w (0) = argmaxw [1 − F (w)]w. If p <

´ w∗ (0)
y

´ w∗ (0)

and p <

∂V (z,α)
f (z)dz
y
∂α
´ w∗ (0) ∂V (z,α)
´ ȳ ∂V (z,α)
f (z)dz+ y
g(z)dz
y
∂α
∂α

, then

∂π
∂R

V (z,α)f (z)dz
´
V (z,α)f (z)dz+ yȳ V (z,α)g(z)dz
y

> 0 and

∂π
∂α

> 0.

Proof: We need:
π ≥ 1−

c
n

o

{(1 − p)Ef [y + RV (y, α)]} − U1 } + p (1 − Π){Ef [y + RV (y, α)|y + RV (y, α) ≥ U2 ] − U2 }

≡1−
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c
.
∆

Note that ∆ = (1 − p)∆1 + π∆2 . ∆1 = Ef [y + βRV (y, α)]} − U1 , so:
∂∆1
= Ef [V (y, α)] −
∂R

ˆ

ˆ

ȳ

w∗

V (z, α)f (z)dz =
w∗

V (z, α)f (z)dz.
y

´ ȳ
As before, denote ŷ such that ŷ + RV (ŷ, α) = [1 − G(w̃)]w̃ + R w̃ V (z, α)g(z)dz ≡ U2 .
´ ȳ
∆2 = (1 − Π){Ef [y + RV (y, α)|y + RV (y, α) ≥ U2 ] − U2 } = ŷ (z + RV (z, α))f (z)dz − [1 −
F (ŷ)]U2 . So:
∂∆2
=
∂R

ˆ

ȳ

∂ ŷ
∂ ŷ
V (z, α)f (z)dz −[ŷ +RV (ŷ, α)]f (ŷ)
+f (ŷ)
U2 −[1−F (ŷ)]
∂R
∂R

ŷ

ˆ

ȳ

V (z, α)g(z)dz
w̃

∂ ŷ
∂ ŷ
As ŷ + RV (ŷ, α) = U2 , [ŷ + RV (ŷ, α)]f (ŷ) ∂R
= f (ŷ) ∂R
U2 , so:

∂∆2
=
∂R

ˆ

ˆ

ȳ

V (z, α)f (z)dz − [1 − F (ŷ)]

ȳ

V (z, α)g(z)dz ≥ −

ŷ

∂∆
∂R

To have

ˆ

ȳ

V (z, α)g(z)dz

w̃

y

> 0, a sufficient condition can be derived:

∂∆
∂∆1
∂∆2
= (1 − p)
+p
≥ (1 − p)
∂R
∂R
∂R
ˆ

ˆ

ˆ

w∗

V (z, α)f (z)dz − p
y

≥ (1 − p)

V (z, α)g(z)dz
y

ˆ

w∗ (0)

ȳ

ȳ

V (z, α)f (z)dz − p
y

V (z, α)g(z)dz ≥ 0,
y
´ w∗ (0)

∗

where w (0) = argmaxw [1 − F (w)]w. So if p <

´ w∗ (0)
y

∂∆
∂R

≥ 0.
Proof for

∂∆
∂α

ˆ
ŷ

ȳ

we have

> 0 is similar:
∂∆1
=R
∂α

∂∆2
=R
∂α

V (z,α)f (z)dz
´
,
V (z,α)f (z)dz+ yȳ V (z,α)g(z)dz
y

ˆ
y

w∗

∂V (z, α)
f (z)dz.
∂α

∂V (z, α)
∂ ŷ
∂ ŷ
f (z)dz−[ŷ+RV (ŷ, α)]f (ŷ) +f (ŷ) U2 −[1−F (ŷ)]R
∂α
∂α
∂α
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ˆ

ȳ

w̃

∂V (z, α)
g(z)dz
∂α

ˆ
=R
ŷ

ȳ

∂V (z, α)
f (z)dz − R[1 − F (ŷ)]
∂α

A sufficient condition for

∂∆
∂α

ˆ

ȳ

w̃

∂V (z, α)
g(z)dz > −R
∂α

ˆ
y

ȳ

∂V (z, α)
g(z)dz
∂α

> 0:
∂∆
∂∆1
∂∆2
= (1 − p)
+p
∂α
∂α
∂α

ˆ

w∗

> (1 − p)R
y

ˆ

w∗ (0)

> (1 − p)R
y

∂V (z, α)
f (z)dz − pR
∂α

∂V (z, α)
f (z)dz − pR
∂α
´ w∗ (0)

p < ´ w∗ (0)
y

y

ˆ
y

ˆ

ȳ

y

ȳ

∂V (z, α)
g(z)dz
∂α

∂V (z, α)
g(z)dz > 0
∂α

∂V (z,α)
f (z)dz
∂α

∂V (z,α)
f (z)dz
∂α

+

´ ȳ

∂V (z,α)
g(z)dz
∂α
y

.

Q.E.D.
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A3.6 Two Rounds of Bargaining
This section is in analogous to Proposition 7:
Proposition A7:
π1 = 1 −

Denote:

c
.
E[y + V (y, α)R] − maxw [1 − F (w)]{w + E[V (y, α)R|y ≥ w]}

π2 : (1 − π2 )maxw2 [1 − F (w2 )]{w2 + E[V (y, α)R|y ≥ w2 ]} =

maxw1 {−F (w1 )c+(1−π2 ){[1−F (w1 )]{w1 +E[V (y, α)R|y ≥ w1 ]}+F (w1 )E[y+V (y, α)R|y ≥ w1 ]}}.

R̂ : k = [1 − F (w∗ (R, α)]{E[y|y ≥ w∗ (R, α) − w∗ (R, α)}, w∗ + V (w∗ , α)R =

1 − F (w∗ )
.
w∗ f (w∗ )

1. If π ≥ π1 , π ≥ π2 , and R > R̂, the official does not pay c to learn about y, and the
entrepreneur makes the investment k.
2.
∂π1
∂π2
∂π1
∂π2
> 0,
> 0,
> 0,
>0
∂R
∂R
∂α
∂α
So with stronger performance rewards, the minimum rotation frequency Π(x) = max{π1 , π2 }
also rises to guarantee the entrepreneur’s ex ante investment.
Proof: Denote that
w∗ = argmaxw [1 − F (w)]{w + E[V (y, α)R|y ≥ w]}.
w∗ is the optimal extraction at t = 2 for an uninformed official with no entrepreneur
accepting w1 .
Notice that at t = 2 newly appointed official also honors w10 , the contract that the veteran
official made in t = 1. Also, if the entrepreneur rejects w10 , the information set for a newly
appointed official is exactly the same as the veteran official. They also have the same utility.
So they must offer the same w20 .
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In t = 2, the dominant strategy is for entrepreneur to accept w20 if y ≥ w20 and entrepreneur has not accepted in t = 1.
Back to t = 1. For all w10 ∈ [y, ȳ], For all w10 ∈ [y, ȳ], I now derive the set of strategies
that can satisfy sequential rationality. This enables the official to predict her payoff if she
chooses a specific w10 .
1. Fix a w10 ≥ w∗ : There are two cases: the official finds it sequentially rational to pay c
or pay 0. The strategy at learning stage is a function of w10 . Denote learn(w10 ) = 1 if the
official learns after w10 and learn(w10 ) = 0 otherwise.
1.1 Suppose learn(w10 ) = 1: Given that learn(w10 ) = 1 is sequentially rational, the entrepreneur accepts any y − w10 ≥ 0 as in t = 2 he gets 0 surplus.
Given that learn(w10 ) = 1 is sequentially rational, the official asks to extract w20 = y for
any entrepreneur who did not accept w10 .
The utility of w10 if learn(w10 ) = 1 is sequentially rational is:
U ({w10 , learn(w10 ) = 1}) = −F (w10 )c + (1 − π){[1 − F (w10 )]{w10 +

E[V (y, α)R|y ≥ w10 ]} + E[y + V (y, α)R|y ≤ w10 ]} + π Û
1.2 Suppose learn(w10 ) = 0: If y − w10 > y − w20 or w10 < w20 , entrepreneur accepts w10 if
y ≥ w10 . This is impossible as:
w20 = argmaxw P rob(w ≤ y|y ≤ w10 }{w + E[V (y, α)R|w ≤ y, given y ≤ w10 ]} < w10
If y − w10 ≤ y − w20 or w10 ≥ w20 , entrepreneur rejects w10 . In this case:
w20 = argmaxw [1 − F (w)]{w + E[V (y, α)R|y ≥ w]} = w∗
Indeed w10 ≥ w20 = w∗ , consistent with the assumption that w10 ≥ w∗
So given that learn(w10 ) = 0 is sequentially rational:
U ({w10 , learn(w10 ) = 0}) = (1 − π)[1 − F (w∗ )]{w∗ + E[V (y, α)R|y ≥ w∗ ]} + π Û
So by choosing w10 ≥ w∗ , the maximum utility the official can get is:
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n

max −F (w10 )c+(1−π){E[y+V (y, α)R|y ≤ w10 ]+[1−F (w10 )]{w10 +E[V (y, α)R|y ≥ w10 ]}+π Û }

, (1 − π)[1 − F (w∗ )]{w∗ + E[V (y, α)R|y ≥ w∗ ]} + π Û

o

2. Fix a w10 < w∗ :
2.1 Suppose learn(w10 ) = 1: The algebra is the same as 1.1. We have:
U ({w10 , learn(w10 ) = 1}) = −F (w10 )c + (1 − π){E[y + V (y, α)R|y ≤ w10 ]+

[1 − F (w10 )]{w10 + E[V (y, α)R|y ≥ w10 ]} + π Û
2.2 Suppose learn(w10 ) = 0: If y − w10 > y − w20 or w10 < w20 , entrepreneur accepts w10 if
y ≥ w10 . This is impossible as:
w20 = argmaxw P rob(w ≥ w|w ≤ w10 ){w + E[V (y, α)R|w ≤ y, given y ≤ w10 ]} < w10
If y − w10 < y − w20 or w10 > w20 , entrepreneur rejects w10 . In this case:
w20 = argmaxw [1 − F (w)]{w + E[V (y, α)R|y ≥ w]} = w∗
Another contradiction as we assume w10 > w20 and w∗ > w10 .
The only possible case is w10 = w20 . Given Assumption 4, suppose that the cutoff is ŵ
such that an entrepreneur with y ≥ ŵ accepts w10 . We have ŵ > w10 . Entrepreneur with
w10 ≤ y < ŵ accepts w20 . To make w20 = w10 sequentially rational, it must be that ŵ satisfies:
w10 = w20 = argmaxw prob(w ≤ y, given y ≤ ŵ){w + βE[V (y, α)R|w ≤ y, given y ≤ ŵ]}
The probability density function of f (y|y ≤ ŵ) =
We have:
ˆ

f (y)
F (ŵ)

´ ŵ

ŵ

prob(w ≤ y, given y ≤ ŵ) =

≡ g(y, ŵ) with support on [y, ŵ].

f (z|z ≤ ŵ)dz =
w
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f (z)
F (ŵ) − F (w)
dz =
1 − F (ŵ)
F (ŵ)
w

ˆ

ŵ

V (z, α)g(z, ŵ|z ≥ w)dz

E[V (y, α)|w ≤ y, given y ≤ ŵ] =
w

g(z, ŵ|z ≥ w) =

g(z, ŵ)
f (z)/F (ŵ)
f (z)/F (ŵ)
f (z)
=
=
=
´ w f (v)
F
(w)
1 − G(w; ŵ)
F (ŵ) − F (w)
1 − y F (ŵ) dv
1 − F (ŵ)

Thus we have:
´ ŵ

V (z, α)f (z)dz
F (ŵ) − F (w)

w

E[V (y, α)|w ≤ y, given y ≤ ŵ] =
So:

prob(w ≤ y, given y ≤ ŵ){w + E[V (y, α)|w ≤ y, given y ≤ ŵ]}

F (ŵ) − F (w)
F (ŵ) − F (w)
=
w+
F (ŵ)
F (ŵ)

´ ŵ
w

V (z, α)Rf (z)dz
F (ŵ) − F (w)

´ ŵ
[F (ŵ) − F (w)]w + w V (z, α)Rf (z)dz
=
F (ŵ)
As w10 = w20 = argmaxw

´
[F (ŵ)−F (w)]w+ wŵ V (z,α)Rf (z)dz
,
F (ŵ)

w10 + RV (w10 , α) =

F.O.C. tells us that:

F (ŵ) − F (w10 )
F (w10 )

Now let us verify that w10 < w∗ . By contradiction, suppose that w10 ≥ w∗ . w∗ =
´ w∗
argmaxw {[1 − F (w)]w + R y V (z, α)f (z)dz}. So w∗ satisfies:
1 − F (w∗ )
= w∗ + V (w∗ , α)R
∗
f (w )
As we assumes that w10 ≥ w∗ , and that
w10 + RV (w10 , α) =

1−F (w)
f (w)

is a decreasing function, we have:

F (ŵ) − F (w10 )
1 − F (w10 )
1 − F (w∗ )
<
≤
= w∗ + RV (w∗ , α)
F (w10 )
F (w10 )
F (w∗ )
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As {w + RV (w, α)} is an increasing function in w, w10 < w∗ , we obtain the contradiction.
So we must have w10 < w∗ .
Thus, if learn(w10 ) = 0 is sequentially rational following a w10 < w∗ :
n

U ({w10 , w10 (learn) = 0}) = (1 − π) [1 − F (ŵ)]{w10 + E[V (y, α)R|y ≥ ŵ]}+

F (ŵ)

[F (ŵ) − F (w10 )]w10 +

´ ŵ
w10

V (z, α)Rf (z)dz o

F (ŵ)

+ π Ũ

U ({w10 , learn(w10 ) = 0}) = (1 − π){[1 − F (ŵ)]{w10 +
ˆ

ŵ

E[V (y, α)R|y ≥ ŵ]} + [F (ŵ) − F (w)]w +

V (z, α)Rf (z)dz} + π Ũ
w

The maximum utility of the official from a w10 < w∗ is:
n

max −F (w10 )c+(1−π){[1−F (w10 )]{w10 +E[V (y, α)|y ≥ w10 ]}+F (w10 )E[y+V (y, α)R|y ≤ w10 ]+π Û },
ˆ
(1−π){[1−F (ŵ)]{w10 +E[V

ŵ

(y, α)R|y ≥ ŵ]}+[F (ŵ)−F (w)]w +

V (z, α)Rf (z)dz}+π Ũ

o

w

We have derived the function of official’s payoff at t = 1 for any w10 and learning decision.
We can use this function to find the sequential equilibrium strategy.
I want to ensure that learn(w10 ) = 0 is the strategy on equilibrium path. That gives a
utility of:
U (w10 , learn(w10 ) = 0) =

∗
∗
∗


 (1 − π)[1 − F (w )]{w + E[V (y, α)R|y ≥ w ]} + π Û




(1 − π){[1 − F (ŵ)]{w1 + E[V (y, α)R|y ≥ ŵ]} + {[F (ŵ) − F (w)]w +

Notice that:
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w10 ≥ w∗
´ ŵ
w

V (z, α)Rf (z)dz} + π Û

w10 < w∗

ˆ

ŵ

[1 − F (ŵ)]{w1 + E[V (y, α)R|y ≥ ŵ]} + {[F (ŵ) − F (w)]w +

V (z, α)Rf (z)dz}
w

ˆ
=

ˆ

ȳ

w10

V (z, α)Rf (z)dz +

f (z)dz +
ŵ

ŵ

ˆ
=

w10

ˆ

ȳ

w10

ˆ

ŵ

ŵ

V (z, α)Rf (z)dz

f (z)dz +
w10

w10

ȳ

f (z)dz +
w10

ˆ

ȳ

w10

V (z, α)Rf (z)dz = [1 − F (w10 )]{w10 + E[V (y, α)R|y ≥ w10 ]}

≤ [1 − F (w∗ )]{w∗ + E[V (y, α)R|y ≥ w∗ }
So it is always optimal to choose w10 ≥ w∗ .
In that case, I want to make sure that at the stage of learning, it is not optimal to learn:
−c + (1 − π)E[y + βV (y, α)R] ≤ (1 − π)[1 − F (w∗ )]{w∗ + E[V (y, α)R|y ≥ w∗ ]}
And at the stage to decide w10 , the utility from not learning ≥ the highest utility from
learning:
(1 − π)maxw2 [1 − F (w2 )]{w2 + E[V (y, α)R|y ≥ w2 ]} ≥
maxw1 {−F (w1 )c+(1−π){[1−F (w1 )]{w1 +E[V (y, α)R|y ≥ w1 ]}+F (w1 )E[y+V (y, α)R|y ≥ w1 ]}}

(1 − π)maxw2 [1 − F (w2 )]{w2 + E[V (y, α)R|y ≥ w2 ]} =
maxw1 {−F (w1 )c+(1−π){[1−F (w1 )]{w1 +E[V (y, α)R|y ≥ w1 ]}+F (w1 )E[y+V (y, α)R|y ≥ w1 ]}}
defines π. By Envelope Theorem and Implicit Function Theorem:
(1 − π)[1 − F (w∗ )]E[V (y, α)|y ≥ w∗ ]dR − U ∗ dπ =
(1 − π){[1 − F (w1∗ )]E[V (y, α)|y ≥ w1 ] + F (w1∗ )E[V (y, α)|y ≤ w1∗ ]}dR − U˜∗ dπ
where U ∗ = [1−F (w∗ )]{w∗ +E[V (y, α)R|y ≥ w∗ ]}, U˜∗ = [1−F (w1∗ )]{w1∗ +E[V (y, α)R|y ≥

74

w1∗ ]} + F (w1∗ )E[y + V (y, α)R|y ≥ w1∗ ]}, we need Ũ ∗ − U ∗ > 0 for the analysis to meaningful.
So:
1−π
∂π
= ∗
{[1−F (w1∗ )]E[V (y, α)|y ≥ w1∗ ]+F (w1∗ )E[V (y, α)|y ≤ w1∗ ]−[1−F (w∗ )]E[V (y, α)|y ≥ w∗ ]}
∗
˜
∂R
U −U

1−π
= ∗
[
U˜ − U ∗

ˆ
y

ȳ

ˆ

ȳ

1−π
V (z, α)f (z)dz] = ∗
V (z, α)f (z)dz −
U˜ − U ∗
w∗

ˆ

w∗

V (z, α)f (z)dz > 0
y

π

π

Π = max{π1 , π2 } is an increasing function of R because ∂R1 > 0 and ∂R2 > 0.
Similarly, we can show that Π is an increasing function of α, as π1 increases with α, and:
∂π2
1−π
= ∗
R
∂α
U˜ − U ∗

ˆ

w∗

y

∂V (z, α)
f (z)dz > 0
∂α
Q.E.D.
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