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Abstract

We develop a two-stage model to study the strategic inter-
action between a politician (the principal) and a bureaucrat
(the agent) over the level of infrastructure provision with
uncertainty about possible weather shocks. The bureaucrat
chooses how much effort to contribute to infrastructure
maintenance and the politician offers either a lump-sum
wage (non-corrupt) contract or proportional bribe (corrupt)
contract to induce effort. The degree of uncertainty about
weather shocks, the size of the fixed wage, and the level
of external monitoring to detect corruption all interact to
affect (a) the politician's choice of contract and (b) whether
this choice improves infrastructure outcomes. Our results
suggest that curbing corruption is most likely to yield im-
provements in infrastructure provision when climate un-
certainty is low and when bureaucratic wages are relatively
high. If climate uncertainty is high, increasing monitoring
has an unambiguous negative effect on infrastructure provi-
sion. Previous literature has focused either on public goods
provision but not corruption or on bribery in a regulatory
context that lacks public goods provision. We extend both
literatures by analyzing how bribes between government of-
ficials affect a principal's ability to more effectively incen-

tivize public goods provision by her agent.
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1 | INTRODUCTION

Infrastructure is critical for economic development. Physical systems associated with transportation,
electricity, sanitation, drinking water, and irrigation have been identified as cross-cutting needs for
achieving the majority of the United Nations’ Sustainable Development Goals (Thacker et al., 2019).
Moreover, recent research has also highlighted the need for large investment in adaption to prevent
costly impacts from climate change for various forms of infrastructure including roads (Schweikert
et al., 2014), electric grids (Chen et al., 2021), and irrigation systems (Elliott et al., 2014), especially
in the developing world. Unfortunately, many developing countries suffer from underinvestment in
infrastructure that has been associated with weak institutions and political corruption (Thacker et al.,
2019; Wade, 1982), and previous work has suggested that international aid flows targeted at im-
proving infrastructure can actually lead to increases in corruption in developing countries (Marjit &
Mukherjee, 2006).

How can infrastructure provision be improved in the presence of corruption? This paper exam-
ines the political economy of infrastructure provision and characterizes the conditions under which
various policy levers may help improve outcomes. We build off previous studies of corruption and
infrastructure investment in the developing world (e.g., Marjit and Mukherjee (2006)) to focus on the
strategic interactions among different levels of government. Although elected politicians may have
incentives to improve infrastructure provision, it is often bureaucrats (e.g., engineers and other ap-
pointed field staff) who shape outcomes through their direct interactions with stakeholders. Empirical
evidence suggests that these appointed bureaucrats may underinvest in infrastructure and instead with-
hold budgeted resources for personal use. Much of the underinvestment in canal irrigation systems in
the Indian subcontinent, for instance, has been attributed to corruption in the irrigation bureaus that
maintain this infrastructure (Mollinga, 2001, 2003; Rinaudo, 2002; Wade, 1982).

The principal-agent framework has been widely applied to separately study strategic control of
budgets by bureaucrats vs. politicians on the one hand, and bureaucrats’ propensity to engage in cor-
ruption by accepting bribes on the other hand. However, these literatures have, thus far, developed
in relative isolation from one another. This bifurcation stems from each literature's focus on distinct
functions of government: the provision of public goods vs. the regulation of private actors. The litera-
ture on corruption focuses on the regulation of private economic activity and the incentives of agents
to accept bribes from the private sector in exchange for reducing regulatory effort or granting permits
(e.g., Rose-Ackerman (1975, 1978, 1999), and Shleifer and Vishny (1993)). In contrast, the literature
on public good provision focuses on strategic control of budgets by bureaucrats vs. politicians, but
does not incorporate the possibility of outright bribery between levels of government (e.g., Niskanen
(1971, 1975); Breton and Wintrobe (1975); Tullock (1965) and Shepsle and Weingast (1984)).

These tendencies in the literatures reflect the empirical realities of the U.S. political system, where
the economic theory of bureaucracy was first developed and has mostly focused (Becker, 1983;
Klitgaard, 1988; Lui, 1986; Rose-Ackerman, 1975). Strategic behavior in the U.S. context tends to
take the form of manipulation of formal procedures (McCubbins et al., 1987; Weingast & Moran,
1983), resulting in relatively low levels of outright bribery (extralegal cash transfers) in the bureau-
cracy compared to many developing nations that are characterized by poor infrastructure (Corruption
Perceptions Index, 2018; Gerlak et al., 2020; Shleifer & Vishny, 1993).1

The nature of infrastructure problems is another important divide between the empirical real-
ities in the developing world and the U.S-focused literature on agency problems in bureaucracy.
Information asymmetry—the principal's inability to observe the agent's effort—is what gives rise

'See, for example, Roy (2013), Matthews (2016), Cawthorne (2014), NDTV India (2016).
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to the principal-agent problem, and the degree of uncertainty can affect the scope for strategic be-
havior (Cheung et al., 1969; Stiglitz, 1974). In the context of canals, reservoirs, and other types of
infrastructure in the developing world, severe weather events compound this information asymme-
try by introducing additional stochastic shocks that affect observed outcomes. Given the predicted
increase in severe weather events due to climate change (Stott, 2016), it is also important to consider
how weather shocks influence the principal-agent problem by making the agent's effort more dif-
ficult to discern.

To better understand the relationship between corruption, bribery, and infrastructure provision
in the developing world, we develop a principal-agent model with several distinguishing character-
istics. First, we model outright bribery between government agents. This is in contrast to most cor-
ruption studies, which focus on the principal's ability to constrain the agent from accepting bribes
from a third party. Second, we focus on how this type of bribery can influence the distribution
of public funds (via infrastructure provision), as opposed to regulatory outcomes. Third, we also
characterize how actors’ beliefs about the probability of severe weather events affects the outcomes
of their interactions.

We develop a two-stage model to study the strategic interaction between a principal (the politician)
and an agent (the bureaucrat) over the level of infrastructure provision. The bureaucrat chooses how
much effort to contribute to infrastructure maintenance. The outcome observed by the politician is the
sum of this unobservable effort and a weather shock that affects the quality of infrastructure. In the
first stage of the game, the politician chooses between two contracts. In the non-corrupt contract, the
politician pays the bureaucrat a fixed wage, and the bureaucrat is sacked if the infrastructure outcome
is below a predetermined threshold. In the corrupt contract, the politician does not sack the bureaucrat,
but instead demands a bribe that decreases in proportion to the observed infrastructure outcome. In
the second stage, the bureaucrat chooses effort based on the contract she faces. The game is solved by
backward induction.

We characterize the equilibria of this game and the resulting level of infrastructure provision, with
several important results. First, infrastructure provision may actually be greater in the corrupt equi-
librium because the bribe mimics an efficient linear contract, whereas the fixed wage payment does
not. Second, the politician's choice of contract may result in lower infrastructure provision for some
feasible parameter values because her ability to extract a bribe causes her to discount the value of in-
frastructure provision. The degree of uncertainty about weather shocks, the size of the fixed wage, and
the level of external monitoring to detect corruption all interact to affect (a) the politician's choice of
contract and (b) whether this choice improves infrastructure outcomes. We show that “cracking down”
on corruption can actually worsen infrastructure provision under certain conditions. This finding is
consistent with fieldwork in India and elsewhere in the developing world, which suggests that infra-
structure maintenance has fallen even as efforts to curb corruption have increased (Borooah, 2016;
Kenny, 2007; Lehne et al., 2018).

This paper contributes to a growing literature that finds mixed effects of corruption on public good
provision. For example, Chen et al.(2020) find an overall negative impact of anticorruption efforts
on productivity and entry rates for firms providing public goods in China. Dastidar (2017) demon-
strate how corruption in the quality control process in public infrastructure projects can lead to higher
prices, lower quality, and lower total welfare. On the other hand, Burguet and Che (2004) analyze
competitive procurement administered by a corrupt agent and find that with complete information
and no corruption, the efficient firm will win the contract. Whereas these studies focus on bribery of
government officials by private actors, we provide new insights on the impact of corruption between
multiple levels of government.
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2 | MODEL

The empirical motivation for our model is a government-supplied public infrastructure system. We
focus on the strategic interaction between a politician and her agent, the bureaucrat, who she appoints
to implement maintenance projects. This setup is typical of public infrastructure in the developing
world, such as irrigation systems described by Wade (1982) in South India. Because our focus is on
the bureaucrat—politician interaction, we assume that the politician's preferences about infrastructure
provision reflect the importance of infrastructure to voters (farmers) who elect the politician, but we
do not model the politician's election.

The bureaucrat has discretion over the use of public funds to pay for infrastructure maintenance.
The quality of infrastructure, g, is sum of the bureaucrat's maintenance efforts, M, plus a shock, e.

q=M+e

Shocks refer to extreme weather events, such as floods, that may result in deterioration of infrastruc-
ture. This shock is realized after a contract is set and maintenance decisions are made. We characterize
the players’ beliefs over possible shocks as a diffuse prior with a uniform distribution with zero mean
between the limits[ — /2, B/ 2] That is, the players’ beliefs assign a positive probability to a range of
weather outcomes they view as possible, f. An increase in the value of f reflects a greater range of
possible weather events so that a larger f§ reflects a more uncertain climate regime (Milly et al., 2002).

The politician cannot directly observe maintenance expenditures incurred by the bureaucrat.
Instead, she observes the quality of infrastructure, g, which is jointly determined by the bureaucrat's
maintenance spending and the severity of random weather events. Therefore, the politician faces a
classic principal-agent problem and must choose a compensation mechanism to constrain opportunis-
tic behavior by the bureaucrat.

We examine two institutional responses to this problem. Throughout, we assume that both the
politician and bureaucrat are risk-neutral. For the remainder of our discussion, we use the following
notation to denote the utilities of the bureaucrat and politician: U{(. .), where i denotes the players:
bureaucrat (B) and politician (P), j denotes the corrupt (C) or non-corrupt (NC) contract.

2.1 | Non-corrupt contract

The non-corrupt contract is a fixed wage contract between the politician and the bureaucrat. In the
non-corrupt wage contract, the bureaucrat receives a fixed wage that does not vary with infrastructure
outcomes, but she is fired if the observed quality of infrastructure falls below some threshold, 7. This
characterizes employment contracts in many bureaus that do not allow for performance-based compensa-
tion and instead operate only at the extensive margin (Heckman et al., 1997; Heinrich, 1999; Wade, 1982).

There are institutional barriers to firing government employees and bureaucrats based on outputs
that are partially stochastic. This is especially true in developing countries like India (Iyer & Mani,
2012).> Hence, it is often the case that the bureaucrat is not punished (or rewarded) for performance in
a continuous fashion that would be akin to a linear contract. Instead, non-linear, extensive margin

*We focus on players’ beliefs about possible weather events, rather than on the “true” probability distribution of weather
events, because the former is the basis for players’ choices.

3See, e.g., Reuters (2015); BBC (2012); The Hindu (2016)
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contracts are common in public agencies because output—and hence the marginal product of la-
bor—is more difficult to value than in profit-maximizing firms (Niskanen, 1971, 2012; Ostrom &
Ostrom, 1991; Tullock, 1965).4

Under the non-corrupt contract, the bureaucrat chooses a level of effort, M, that maximizes their
expected utility, represented by

Uy (Myc) = max [wPr(g > T) = w(Myc)] )

where w is the fixed wage determined outside the model and earned by the bureaucrat infrastructure pro-

vision is above the threshold, T (also determined outside the model). We assume the general form of the
. 14 . . . . .

cost-of-effort function to be 9%. For simplicity, we discuss the results of a quadratic cost-of-effort func-

tion: w(M) = GTMZ We provide results for the more general case in Appendices A and B.

We assume that the politician's utility is linear in the quality of infrastructure and the amount of
money paid to the bureaucrat.’ Hence, the politician's expected utility under the non-corrupt contract
is given by

UNC(Myc) = Elg — wPr(g > T)l = Myc + Ele] = wPr(g > T) 2)

2.2 | Corrupt contract

In the corrupt contract, the politician demands a bribe from the bureaucrat that depends on the latter's
performance. This assumption is an accurate description of many regimes observed in the developing
world (Rose-Ackerman & Palifka, 2016). For example, the well-institutionalized system of corrup-
tion that surrounds irrigation in India makes positions in the irrigation bureau valuable assets (Quabh,
2008). Not only do bureaucrats have to pay for transfer to desirable positions, but bureaucrats who do
not perform well or threaten to enforce the law against those who engage in corruption may simply be
transferred somewhere else by the politician (Iyer & Mani, 2012; Wade, 1982).

Unlike the formal compensation in the non-corrupt contract, bribery can be proportional to the
output of the bureaucrat's efforts. That is, the bribe allows compensation to vary continuously with
observed output, as with a standard linear contract in the agency literature. We assume that the politi-
cian offers linear contract of the form:

s=w-—(b—-Hg)

where, w is the fixed wage (exogenous to the model) earned by the bureaucrat, b is the maximum feasible
bribe that the politician can extract, and H € [0, 1]is a reduction in the bribe—proportional to observed
infrastructure outcomes—that is chosen by the politician.

*Weitzman (1974) also notes that quantity-based instruments that focus on a " pass-fail litmus type test” for meeting a
threshold have advantages over pricing performance at the margin in settings where the cost of measuring or observing
marginal output is high.

SRisk neutrality of the principal (e.g., a linear utility function) is standard in the contract theory literature (Holmstrom and
Milgrom, 1987; Salanié, 2005), as is assuming additive separability between the action and the payoff in the agent's utility
function (as we do in equation 3).
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The politician chooses a marginal reduction in the bribe, Hg, that varies with the quality of the
infrastructure. The net bribe paid by the bureaucrat to the politician is equal to: b=b- Hgq. Hence,
b is the upper limit on the amount that the politician could extract from the bureaucrat, whereas
b=b- Hg is the amount the politician actually extracts based on the the contract and the bureaucrat's
choice of g.

We assume that the maximum feasible bribe, b, is determined outside the model by factors that may
vary by country and by bureau based on informal norms around bribery. However, we do require that
the maximum feasible bribe is less than the bureaucrat's wage, that is b < w.° The bribe also includes
an implicit promise of protection for the bureaucrat so that there is no longer a threshold of system
quality that results in the bureaucrat being fired. Instead, they pay the politician for protection.

Finally, we define (1 — o) to be the probability of being caught and punished when engaging in
corruption. If corruption is detected, both players are fired and earn a payoff of zero. Hence, ¢ € [0, 1]
is the probability of successful corrupt activity and reflects government-wide efforts to curb bribery
in corrupt government agencies.7 Hence, the expected net wage payment in the corrupt contract is o's.
Both ¢ and w can be thought of as policy controls available to the central government to potentially
affect both corruption and infrastructure provision. In what follows, we characterize how changes in
these two parameters interact with other exogenous variables to affect the outcomes of the model.

In the corrupt contract, the bureaucrat maximizes her expected utility by choosing a level of main-
tenance effort M, taking as given the bribe contract H offered by the politician:

2
US (M, H) =maxE [o(w— b+ H M 3)
5 (Mc, )_nﬁ? o(w—b+Hg) — —=

Hence, the bureaucrat trades off the marginal cost of supplying additional effort with the marginal
reduction in the net bribe they must pay to the corrupt politician. The bureaucrat's performance affects
the politician's payoffs in two ways. First, the maintenance effort of the bureaucrat improves the con-
dition of infrastructure, increasing the politician's utility.® Second, the bribe that the politician receives
from the bureaucrat is proportional to the latter's effort. The politician's problem is then to choose a
bribe, H, taking as given the bureaucrat's optimal choice of M. for a given H.

Up(Mc. H) = max E[o(q + b — Hg —w)] &)

The politician faces a tradeoff in setting H. On the one hand, a more generous contract (larger H)
provides stronger incentives for the bureaucrat to contriPute effort and increases M. On the other
hand, the larger are H and M, the smaller the net bribe, b, received by the politician.

Finally, we assume that the bureaucrat will play the game only if it gives them a positive utility:

NC *
Ug~My-) 20 and,

*We treat b as exogenous to our model. In practice, b would be constrained by the value of the outside option for the
bureaucrat—that is the maximum bribe that the politician could feasibly extract should be defined by w — b < V, where V is
the value of the outside option for the bureaucrat. We normalize V to zero, resulting in the restriction that b < w. In principle,
there is no minimum value for b, but specific cultural or institutional factors outside the scope of our model could constrain b
to be some value b < w. Le., in a setting with strong anti-bribery norms, » may be close to zero.

"We assume that the probability of being caught and punished is exogenous to the game.

8Perhaps by improving the possibility of the politician's reelection.
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Politician

Bureaucrat

NC

UNC (Mo), URC (Mc) Ul (Mo, H), UR (Me, H)

FIGURE 1 Extensive form of the game

TABLE 1 Definitions of model parameters

Symbol Definition

w Wage of the bureaucrat

T Infrastructure threshold

p Climate uncertainty

0 Marginal cost of effort to the bureaucrat

o Probability of corruption not being detected
b Maximum feasible bribe

UgMEH*) 20

This assumption represents the individual rationality constraint for the bureaucrat. That is, if the
utility is negative, the bureaucrat can break their contract with the politician for an outside opportu-
nity. Therefore, the politician chooses a contract that maximizes their expected utility, subject to the
bureaucrat's participation constraint.

2.3 | Solving the game

The structure of the game is as follows. In the first stage, the politician chooses between corrupt (C)
and non-corrupt (NC) strategies. The corrupt contract includes the bribe parameter H. In the second
stage, the bureaucrat chooses their level of effort (M) based on the politician's strategy. Figure 1 pre-
sents the structure of the game in extensive form and Table 1 summarizes the definitions all the model
parameters.

The game has two potential subgame perfect Nash equilibria: corruption and non-corruption.
Because the politician chooses the terms of remuneration (i.e., whether there will be a bribe and how
it will be structured), the bureaucrat's only choice is to form a best response to the contract presented
by the politician. Of course, the politician anticipates this best response when selecting a strategy. We
solve the game by backward induction.’ First, we characterize the optimal choice of the bureaucrat in
the second stage under either contract. Second, we assume that the politician correctly anticipates the

“Refer to Appendices A and B for the derivations of solutions.
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best response of the bureaucrat when choosing which contract to offer and what level of H to
require.

2.3.1 | Non-corrupt solution

To begin, we substitute the uniform CDF into the non-corrupt bureaucrat's utility function from ex-
pression 1 and solve for optimal maintenance effort under the non-corrupt contract (see Appendix A).

2

UNC(Myc) = max WPr(Myc + € > T) — —2€
My 2
— 2
W Wl wMyc  OMj,
UNC(Mye) = max & — WL 4 ZONC_ T NC )
B Mye) MNCX ) B B )

FOC: % —OMyo =0

[=I

= M} (.0, ) = 6)

0

=

Substituting expression 6 into expression 5, the non-corrupt bureaucrat's maximized utility may
then be derived as below.

« _|11 T, w
UgC(MNC) =w [E 3 + #ﬁz]

Knowing that My, . = g—wﬂ, the non-corrupt politician's maximized utility is:

)
roomslyy-t1] 5

2.3.2 | Corrupt solution

Next, we characterize the optimal choice of M and H under the corrupt contract and derive the result-
ing payoffs (see Appendix B). The bureaucrat's choice of M, taking H as given is:

UsMc,H) = nzllflx oc(w—b+ Hg)— —

FOC:6H — M. =0

> M, = % ®)
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The politician chooses H to maximize her utility, anticipating the bureaucrat's choice of M.:

US(Mc, H) = max E[o(q +b — Hq - w)l
=max E[o(Mc +e+b— HM¢ — He = )]

:max[E[a(ﬁ+e+b—Hﬂ—He—W>]
H 0 0

ocH ocH _
maxa( 9 +b 9 w
Foc: & _ Mo _,
) 0
SHr =1 ©)
2
M*(6,0)= = (10)
Y

H* and M can then be used to derive the maximized utility functions of the corrupt bureaucrat
and politician:

2

CoM* H* = slio — o 11

U,M:,H) =0clw b]+80 (11)
2

U§(M*,H*)=Z—9+a[b—m (12)

3 | INCENTIVES FOR CORRUPTION AND IMPLICATIONS
FOR INFRASTRUCTURE

The game is solvable by backward induction and has a unique subgame perfect Nash equilibrium
(e.g., corruption or non-corruption) for each set of parameter values. This section examines the condi-
tions under which the politician will choose to engage in corruption and discusses the resulting impli-
cations for infrastructure provision. First, we highlight the payoffs and infrastructure outcomes under
each equilibrium. Next, we conduct comparative statics to characterize how each parameter affects
both incentive to be corrupt (defined below) and infrastructure provision. Finally, we examine the
conditions under which corruption improves or worsens infrastructure provision and the implications
for anticorruption efforts.
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3.1 | Comparative statics for corruption

In order to examine the conditions under which the politician chooses corruption, we define /- as the
politician's incentive to be corrupt. This is simply the difference between the utility of being corrupt
and the utility obtained by being non-corrupt and is given by:

Ie=UsM} H*) = Up“ (M)

o -1 —[1 1 17 w
=0|—+b- ]— — - 13
0'[49+ w W[Gﬁ 2+ﬂ oF (13)

If 1. > 0, the politician chooses the corrupt contract; otherwise, the politician chooses the non-
corrupt contract. Either way, the bureaucrat responds accordingly. We conduct comparative statics
over three parameters: climate uncertainty (ff), the probability of detection (1 — o), and the fixed
bureaucratic wage )."° The change in the incentive to be corrupt with respect to uncertainty about
possible weather events f—referred to here as climate uncertainty—is given by:

e _ w  WT 2

=—+—-— (14)
0 ﬁ 0 ﬂ2 ﬁ2 0 ﬂ3

The relative magnitudes of w, #, T, and  determine whether expression 14 is positive. We depict
how these parameters interact to determine outcomes in the next section.

The change in the incentive to be corrupt with respect to the probability of detection is given by“:

. ¢ _
=2 4p- 15
> = 20 +b-—w (15)

Equation 15 shows that probability of detection has an ambiguous effect on the incentive to be
corrupt—it depends on the value of the fixed bureaucratic wage, w, relative to the probability of de-
tection, (1 — o), and the bureaucrat's cost of effort, 6. Specifically, if o < 20(w — b), the incentive to be
corrupt decreases as the probability of detection increases.'? This result follows directly from the fact
that the probability of detection reduces the politician's net earnings in the corrupt contract.

The change in the incentive to be corrupt with respect to the bureaucratic wage, w, is given by:

ol _ 2w 1 1. T
—_=——"+tz-|o+ =+ 16
aw o2 2 |"TepT B (16)

The sign of 16 is ambiguous and depends on the degree of climate uncertainty and probability of

detection relative to the wage.

HRecall that the probability of being caught and punished in our model is (1 — o). Therefore, o is the probability of not being
detected.

2We assume that the bureaucrat's fixed wage is greater than the maximum bribe paid to the politician, i.e., w > b

ORefer to Appendix C for comparative statics on the general functional form.
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3.2 | Comparative statics for infrastructure provision

We examine the effect of model parameters on the bureaucrat's maintenance effort under each of the
two contracts before characterizing the conditions under which effort is higher under the corrupt con-
tract."® Visual inspection of expression 10 shows that the infrastructure provision under the corrupt
regime increases as the probability of detection, (1 — o), and the unit cost-of-effort, (6), decrease.

Expression 10 also shows that infrastructure provision under the corrupt contract is unaffected by
climate uncertainty. Due to the linearity of the corrupt contract and the risk neutrality assumption, the
bureaucrat responds only to the mean shock, which is assumed to be zero.

On the other hand, the infrastructure provision effort under the non-corrupt equilibrium given by
Equation 6 does depend on f. Expression 6 shows that the infrastructure provision effort under the
non-corrupt regime increases with the wage of the bureaucrat. Under the non-corrupt contract, the bu-
reaucrat's effort increases the probability that they earn a wage. Therefore, an increase in wage results
in an increase in their incentive to supply effort.

Expression 6 also shows that the infrastructure provision under the non-corrupt equilibrium is
strictly decreasing in climate uncertainty (f). This is because an increase in the range of possible
weather events reduces the marginal productivity of effort toward ensuring that the minimum thresh-
old 7T is met.

3.3 | Infrastructure provision and system outcomes

Thus far, we have characterized how model parameters affect provision of infrastructure within a
given contract. Now, we compare infrastructure provision effort across both corrupt and non-corrupt
regimes. Define AM to be the difference between the levels of infrastructure provision by the bureau-
crat under the corrupt and non-corrupt regimes:

AM =M} (6, 0) — M:.(w,6, )

== -2 a7

The provision of infrastructure is greater under the corrupt regime if AM > 0 and greater under the
non-corrupt regime if AM < 0.

Based on expressions for /- in eq 13 and AM in eq 17, there are four possible outcomes for cor-
ruption and infrastructure provision, summarized in Table 2. In the remainder of our discussion, we
will focus on how the incentives for corruption interact with the condition for AM > 0 to derive impli-
cations for policy approaches to improving infrastructure outcomes. Our discussion above highlights
that the gains to corruption and infrastructure provision both depend on the policy controls (the prob-
ability of detection and the wage) and state of the world (climate uncertainty).

All four scenarios described in Table 2 are feasible outcomes of the game. There is a unique
equilibrium for each constellation of parameter values, but the equilibrium outcome varies—in some
cases, there is a corrupt equilibrium, and in other cases, there is a non-corrupt equilibrium. For any
given set of values, the subgame perfect Nash equilibrium is a unique point for each exogenous pa-
rameter set. We are interested in the level of infrastructure provision associated with each equilibrium.

BRefer to Appendix C for comparative statics on the general functional form.
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TABLE 2 Possible outcomes for corruption and infrastructure provision

Politician
Politician is non-corrupt is corrupt
Corruption Improves Infrastructure I- <0 I >0
AM >0 AM >0
Corruption Degrades Infrastructure I-<0 I->0
AM <0 AM <0

It is possible for infrastructure provision under the corrupt contract to be better or worse than
under the non-corrupt contract. Hence, changes in one of the policy controls, such as the wage or
the probability of detection, can have complex effects on infrastructure provision because they alter
the incentives for provision within a contract, but can also force a transition to a different contract by
affecting the incentive to be corrupt.

These compound effects are what make it difficult to sign the comparative statics for each parame-
ter. To gain traction, our approach below is to depict these dynamics separately for each of the two key
policy controls (¢ and w), taking the other as given. To do so, we plot infrastructure provision against
model parameters after accounting for switching between equilibria that can occur as parameter values
change. This approach helps shed light on how the parameters interact to shape the model outcomes.

We derive the following condition for the corrupt equilibrium from the /- in eq 13:

o 1. =1 1, 17T w
G[Eﬁ'b—W] >W[ﬁ_§+ﬁ_0_ﬁ2 (18)

We also derive a condition for when the infrastructure provision effort is greater under the corrupt
regime (AM > 0):

c

w
- 250
20 0p
2w

_— 19
0'>ﬂ (19)

Together, equations 18 and 19 define the conditions for a corrupt equilibrium that results in better
infrastructure provision. To depict the intuition for how wages, monitoring, and climate uncertainty
interact to determine outcomes, in the next section we plot these conditions as a function each of the
key variables of interest, holding the other variables constant at “high” and “low” values.'* We first
explore how changes in the probability of detection are likely to affect outcomes when wages and
climate uncertainty are low vs. high, allowing us to characterize how anticorruption measures can be
expected to perform if other factors are held fixed. Next, we consider how changes in the wage affect
outcomes for high vs. low levels of monitoring. Finally, we characterize the effect of climate uncer-
tainty for different levels of monitoring. Taken jointly, these examples provide intuition for how cli-
mate uncertainty shapes the complementarity of wage-based and monitoring-based strategies to
improve outcomes.

HTo recap, we assume players’ beliefs over possible shocks as diffuse prior with a uniform distribution with zero mean
between the limits [ -p/2.8/ 2]. Refer to Appendix E for corruption and infrastructure outcomes when players’ beliefs are
normally distributed with zero mean and variance .
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FIGURE 2 The infrastructure provision effort as a function of probability of detection in a state of high climate
uncertainty. The solid and dotted lines represent the corrupt and non-corrupt regimes, respectively. The blue line
indicates low fixed bureaucratic wages, and green line indicates high fixed wages

3.4 | The probability of detection

Figure 2 illustrates infrastructure provision effort as a function of the probability of detection for high
(green line) and low (blue line) values of wages, in a state of high climate uncer’[ainty.15 The figure
also depicts the critical values of (1 — o) where the equilibrium outcome switches from the corrupt
contract (solid lines) to the non-corrupt contract (dashed lines). Hence, for values of (1 — o) < A, the
outcome is the corrupt contract, regardless of the wage. For A < (1 — o) < B, the high-wage outcome
is the non-corrupt contract, but the low-wage outcome is the corrupt contract. Finally, for (1 — ¢) > B,
the non-corrupt contract is the outcome with either wage.

The graph demonstrates that allowing corruption actually yields greater infrastructure provision
when climate uncertainty is high. This result follows our discussion on the comparative statics of M
(expression 10) and M ;,C (expression 6): under high climate uncertainty: an increase in (1 — o) reduces
M [ within the corrupt contract and has no effect on M .. If (1 — o) increases enough to push the equi-
librium into the non-corrupt contract, doing so causes a discrete reduction infrastructure provision
because M/ > My, . in the neighborhood where the contract switch occurs (point A for high wages and
point B for low wages).

Next, we examine the outcomes for AM and - in a state of low climate uncertainty. Figure 3 illus-
trates infrastructure provision effort as a function of the probability of detection for high and low
wages, in a state of low climate uncertainty.' In this setting, increasing the probability of detection
makes the non-corrupt equilibrium more likely, but whether this improves infrastructure provision
effort depends on the wage. With a low wage, the equilibrium outcome is the non-corrupt contract
unless (1 — o) <A’. At the same time, M is strictly greater than M. when the wage is low. Hence,

"Refer to Figure D1 for corruption and infrastructure outcomes under different bribe thresholds.

"Refer to Figure D2 for corruption and infrastructure outcomes under different bribe thresholds.
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FIGURE 3 The provision of infrastructure as a function of probability of detection in a state of low climate
uncertainty (low f). The solid and dotted lines represent the corrupt and non-corrupt regimes, respectively. The
blue line indicates low bureaucratic wages, and green line indicates high wages

with low wages and low climate uncertainty, infrastructure provision is highest when monitoring ef-
fort is kept low.
In contrast, when wages are high and climate uncertainty is low, M. is strictly less than M . This

; . . oM A
leads to a non-monotonic relationship between (1 — ¢) and M é“ because 3 _CU) < 0 (expression 10).

Hence, increases in monitoring effort when (1 — ¢) < B’ will result in worse infrastructure provision
effort. However, a large enough increase in monitoring such that (1 — ¢) < B" would result in a large
improvement of infrastructure maintenance effort. Put differently, when wages are high and climate
uncertainty is low, expressions 18 and 19 are not satisfied.

3.5 | The bureaucratic wage

Having characterized the effect of monitoring effort conditional on wages, we now turn to an exami-

nation of the effect of wages at high vs. low levels of monitoring effort. Recalling the condition for
the corrupt equilibrium from the expression for /- in eq 13:

o _ —11 1 T w
G[E-l—b_w] >W[ﬁ_§+ﬁ_e_ﬂz (20)

We can rewrite the condition for when the infrastructure provision effort is greater under the cor-
rupt regime (AM > 0) as:
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FIGURE 4 The provision of infrastructure as a function of wages in a state of high climate uncertainty. The
solid and dotted lines represent the corrupt and non-corrupt regimes, respectively. The blue line indicates weak
monitoring mechanisms, and green line indicates strong monitoring mechanisms

Sw< — 1)

We know from expression 6 that as wages increase, infrastructure provision is strictly increasing
under the non-corrupt regime. However, expression 16 shows that the regime shift to non-corrupt
equilibrium (I~ < 0) depends on the state of climate uncertainty. Hence, we analyze the effect of the
wage separate for high vs. low climate uncertainty.

Figure 4 illustrates infrastructure provision effort as a function of the fixed wage for a high and low
probability of detection, in a state of high climate uncertainty.17 As the figure depicts, the politician's
incentive to be corrupt decreases as the wage increases, causing a shift to the non-corrupt regime at
point C (D) when monitoring effort is high (low). This is because the politician's benefit from
infrastructure provision in the non-corrupt contract exceeds their benefit in the corrupt contract
(expression 13). Hence, small increases in the wage around point C or D will lead to worse infrastruc-
ture provision because My . < M in that neighborhood.

However, sufficiently large increases in the wage can improve infrastructure because infrastructure
provision is strictly increasing in wages within the non-corrupt equilibrium (expression 6). Finally, the
figure indicates an inverse relationship between the probability of detection and the wage. That is, a
high probability of detection requires a small increase in wage to shift the system into the non-corrupt
regime (point C).

Figure 5 illustrates infrastructure provision effort, as a function of the wage for high and low prob-
ability of detection, in a state of low climate uncertainty.18 When climate uncertainty is low, increases

"Refer to Figure D3 for corruption and infrastructure outcomes under different bribe thresholds.

"8Refer to Figure D4 for corruption and infrastructure outcomes under different bribe thresholds.
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FIGURE 5 The provision of infrastructure as a function of wages in a state of low climate uncertainty. The
solid and dotted lines represent the corrupt and non-corrupt regimes, respectively. The blue line indicates weak
monitoring mechanisms, and green line indicates strong monitoring mechanisms

in the wage can cause two shifts between equilibria. We know from expression 6 that infrastructure
provision effort in the non-corrupt regime is strictly increasing in the wage. At low wages, the system
shifts from a corrupt to a non-corrupt regime at C’. This is because the politician's benefit from infra-
structure provision effort in the non-corrupt regime is higher than the corrupt regime (expression 13).
However, as wages increase, the system shifts back to the corrupt regime with a lower level of infra-
structure provision at point D’ (low monitoring) or D” (high monitoring). This is because the politi-
cian's cost of paying wages to the bureaucrat far exceed their benefit from infrastructure provision in
the non-corrupt regime (expression 13). Figure 5 shows that as wages increase, the condition in ex-
pression 19 fails and the system shifts to corrupt equilibrium (AM < 0 and I, > 0) where infrastruc-
ture provision falls. Hence, the effect of changes in the wage on infrastructure provision can only be
expected to improve infrastructure within a relatively small window (C’ to D’ or D”) when climate
uncertainty is low.

3.6 | Climate uncertainty

In the final part of our analysis, we examine the effect of climate uncertainty on the corrupt equilib-
rium and on infrastructure provision effort. This discussion focuses on uniformly distributed beliefs,
but Appendix E shows that the results are unchanged when players’ beliefs are normally distributed
with zero mean and variance f.

We can rewrite the condition for when the provision of infrastructure is greater under the corrupt
regime (AM > 0) as:

AM>0=> = >

1 Q
= | =
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FIGURE 6 The provision of infrastructure as a function of climate uncertainty. The solid and dotted lines
represent the corrupt and non-corrupt regimes, respectively. The blue line indicates weak monitoring mechanisms, and

green line indicates strong monitoring mechanisms

Sp> (22)
o

Figure 6 illustrates infrastructure provision effort as a function of climate uncertainty for a high
and low probability of detection.'® The figure shows that corruption becomes more likely as climate
uncertainty increases, except at very low levels of uncertainty (f < E). This result follows our discus-
sion in the comparative statics for /- (expression 14) and My (expression 6). We know from expres-
sion 14 that at low climate uncertainty, /- is negative even though it is increasing at the margin (/- < 0

but % > 0). This result is represented by the first regime shift in Figure 6 at point E.

Within the non-corrupt regime, increases in uncertainty lead to worse infrastructure provision

(a[g—;c < 0). However, for high enough uncertainty, /- becomes positive. This is represented by the

second regime shift at points F (low monitoring) and G (high monitoring) in Figure 6. For large
enough f, the conditions in expressions 22 and 20 are both satisfied, and the corrupt equilibrium
yields greater infrastructure provision (AM > 0 and I > 0).

Intuitively, the shift back to the corrupt regime comes much later when monitoring is high. Perhaps
counterintuitively, this leads to much worse infrastructure provision when monitoring is high. The rea-
son is that increases in the range of possible weather shocks affect the incentives for provision in the
non-corrupt contract (expression 6), but not the corrupt contract (expression 10). The upshot is that
corruption may be efficient (in the sense of yielding better infrastructure provision) for sufficiently
high climate uncertainty.

PRefer to Figure D5 for corruption and infrastructure outcomes under different bribe thresholds.
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4 | DISCUSSION AND CONCLUSION

This paper uses a principal-agent model to examine the impact of corruption on the provision of pub-
lic infrastructure. Previous literature has focused either on public goods provision but not corruption
(e.g., Niskanen (1971, 1975); Breton and Wintrobe (1975); Tullock (1965); Shepsle and Weingast
(1984)) or on bribery in a regulatory context that lacks public goods provision (e.g., Rose-Ackerman
(1975, 1999, 1978); Shleifer and Vishny (1993)). We extend both literatures by analyzing how bribes
between government officials affect a principal's ability to incentivize public goods provision more
effectively by her agent. Such arrangements are common in the developing world, where provision of
infrastructure is crucial for smoothing out weather variability (Burton, 2010).

The non-corrupt contract in our model mimics the employment terms facing many bureaucrats:
They earn a fixed wage if their performance is above some minimum threshold, but they are fired if
it is not. This contract exposes the agent to the risk associated with shocks that affect infrastructure
performance. The corrupt contract removes the threat of firing but includes a bribe that varies in pro-
portion to the level of infrastructure provision. Hence, the corrupt contract mimics an efficient linear
contract.

We find that there is no unique equilibrium: Both corruption and non-corruption can be supported
as outcomes of the game for certain parameter values. Crucially, we also find that the efficient linear
contract associated with the corrupt outcome can lead to better infrastructure provision for some pa-
rameter values. We partition the set of possible outcomes into four scenarios: (a) the politician chooses
to be corrupt, with negative consequences for infrastructure provision; (b) the politician chooses to be
corrupt, with positive consequences for infrastructure provision; (c) the politician chooses to be non-
corrupt, with negative consequences for infrastructure provision; and (d) the politician chooses to be
non-corrupt, with positive consequences for infrastructure provision.

By exploring the conditions under which each scenario occurs, we derive implications and test-
able predictions for when policies aimed at curbing corruption or bolstering wages can be expected
to improve infrastructure provision. Our discussion focuses on three parameters: the probability of
detection (1 — o), the fixed wage w, and the degree of climate uncertainty g, and the effects of changes
in one parameter must be analyzed conditional on the others. There are several important predictions
that follow from our analysis.

The first key result of our model is that in a state of high climate uncertainty, increases in mon-
itoring effort to curb corruption will actually lead to worse infrastructure provision (Figure 2). For
sufficiently high climate uncertainty, infrastructure provision is greater in the corrupt contract. In this
setting, increasing monitoring effort reduces maintenance effort within the corrupt contract while also
making a shift to the less productive non-corrupt contract more likely.

Second, we find a more nuanced relationship between wages and infrastructure provision when cli-
mate uncertainty is high. An increase in the wage tends to make the non-corrupt contract more likely
and also to improve maintenance effort within the non-corrupt contract itself. Whether infrastructure
provision is higher in the non-corrupt contract depends on the value of the wage, but our results in
Figure 4 suggest that increases in the wage are more likely to improve outcomes if (a) those increases
are relatively large and (b) the probability of detecting corrupt activity is high.

Third, when climate uncertainty is low, we find that the effect of monitoring effort depends cru-
cially on the wage. For low wages, increasing monitoring effort is expected to reduce infrastructure
provision. For high wages, an increase in monitoring effort can improve infrastructure provision if
it is large enough to cause a shift to the non-corrupt equilibrium (Figure 3). Finally, we find that as
climate uncertainty increases, a high level of monitoring is associated with a non-corrupt equilibrium
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that yields lower infrastructure provision than the corrupt equilibrium that would prevail with lower
monitoring (Figure 6).

Our findings are consistent with existing literature that suggests crackdowns on bureaucratic cor-
ruption may not restore efficiency in the economy, but can instead lead to worse economic outcomes,
particularly in the context of developing countries (Chen et al., 2020; Dreher & Gassebner, 2013;
Fisman & Svensson, 2007; Leff, 1964; Shleifer & Vishny, 1993). Our findings are also consistent with
relatively mixed findings in the literature regarding the importance of adequate wages in relation to
curbing corruption (Becker & Stigler, 1974; Di Tella & Schargrodsky, 2003; Myrdal, 1972; Shapiro
& Stiglitz, 1984). For example, “shirking models” of Shapiro and Stiglitz (1984) and Becker and
Stigler (1974) predict that a higher wage is necessary to eliminate corruption when the probability
of detection is low. Our model nests this finding as a special case when climate uncertainty is high
(Figure 4). In such cases, infrastructure provision may improve in the non-corrupt regime only if the
wages are very high.

Improving the efficiency of irrigation infrastructure is arguably a high priority for several develop-
ing countries. Yet, empirical evidence shows that the condition of irrigation infrastructure continues to
decline in countries like India due to political and bureaucratic corruption (Suhardiman & Giordano,
2014). In spite of strong monitoring procedures, the high-ranked bureaucrats in the irrigation bu-
reau continue to conceal their receipt and passing on of illicit funds. The fact that the exchange of
illicit funds is encouraged and is often demanded, by the politician reduces the effectiveness of these
monitoring mechanisms (Wade, 1982). Intuition suggests that corruption distorts the allocation of
resources and reduces provision of public goods (De Soto, 1989). But, in spite of research showing
the negative effects of corruption on irrigation performance in government-managed irrigation sys-
tems (Rinaudo, 2002), few studies have examined this issue in connection with the agency literature.
To make matters worse, there is little to no understanding of the role of corruption in the context of
climate uncertainty, which looms large in irrigation systems in the developing world.

The model developed in this paper reveals a non-monotonic relationship between corruption and
infrastructure provision and shows that there is not a one-size-fits-all “panacea” approach for im-
proving infrastructure provision. Anticipating institutional responses to climate change is especially
critical for managers of infrastructure in developing countries. However, it is important to understand
the nexus of climate uncertainty, remuneration in corrupt and non-corrupt systems, and monitoring
effectiveness before making policy recommendations.
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APPENDIX A
NON-CORRUPT SOLUTION
From equation 1, the bureaucrat's expected utility under the non-corrupt contract is given by:
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Substituting 24 into equation 23, the bureaucrat's utility function may then be derived as:
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From equation 2, the politician's expected utility under the non-corrupt contract is given by
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Substituting My = (ﬁ) "~ the non-corrupt politician's maximized utility may be derived as:
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Considering the specific case of y = 2, the cost-of-effort has a quadratic functional form: T’VC The
optimal maintenance effort, My in eq 24 becomes: My, .(w, 0, f) = ﬁ. Substituting y = 2 in eq 25 and
26, the bureaucrat's and politician's maximized utilities under the non-corrupt contract may be derived
as:
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APPENDIX B
CORRUPT SOLUTION

From equation 3, the bureaucrat's expected utility under the corrupt contract is given by:
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The politician's problem is to choose a bribe, H, taking as given the bureaucrat's optimal choice of
M- for a given H:
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Substituting M * and H *into equation 27, the corrupt bureaucrat's maximized utility may be derived
as:
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Substituting M’ and H* into equation (29), the corrupt politician's maximized utility may be de-
rived as:
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Considering the specific case of y =2, the optimal maintenance effort, M and bribe, H* in eq 30
may be rewritten as: H* = % and M = % Substituting y = 2 in equations 31 and 32, the corrupt utili-
ties may be rewritten as:
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APPENDIX C

COMPARATIVE STATICS

The politician's incentive to be corrupt, /-, which is the difference between the utility of being corrupt
and the utility of being non-corrupt. The general form of /. is given by:

Ic=UsMg H ) — Up“(My.)
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The change in the incentive to be corrupt with respect to uncertainty about possible weather events,
f, is given by:

e _ _1 <i>yi_‘+ﬂ_ v (ﬂ)L‘ (34)
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The relative magnitudes of w, #, T, and 8 determines whether equation 34 is positive.
The change in the incentive to be corrupt with respect to the probability of detection is given by:

1
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Equation 35 shows that the probability of detection has an ambiguous effect on the incentive to be
corrupt. That is, it depends on the value of fixed bureaucratic wage relative to the probability of detec-
tion (1 — o), bureaucrat's cost function parameters (6 and y).

The change in the incentive to be corrupt with respect to the fixed bureaucratic wage is given by:
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The sign of 36 is ambiguous and depends on the degree of climate uncertainty.

Expression 30 shows that the infrastructure provision under the corrupt contract is unaffected by
climate uncertainty. Instead, it increases as the probability of detection, (1 — o), and the cost-of-effort,
0, decrease. On the other hand, expression 24 shows that the infrastructure provision effort under the
non-corrupt contract shows that the infrastructure provision effort under the non-corrupt contract is
strictly decreasing in climate uncertainty and increases with the wage of the bureaucrat.
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CORRUPTION AND INFRASTRUCTURE PROVISION
OUTCOMES UNDER DIFFERENT BRIBES

Control Variable
Low Bribe
High Bribe
Regime

— — Non-Corrupt
—— Corrupt

...... » Regime Shift

Maintenance Effort (M)

Probability of Detection (1 — o)

FIGURE D1 The infrastructure provision effort as a function of probability of detection in a state of high
climate uncertainty. The solid and dotted lines represent the corrupt and non-corrupt regimes, respectively. The blue

line indicates low bribes and green line indicates high bribes
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FIGURE D2 The provision of infrastructure as a function of probability of detection in a state of low climate
uncertainty (low f). The solid and dotted lines represent the corrupt and non-corrupt regimes, respectively. The blue

line indicates low bribes, and green line indicates high bribes
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FIGURE D3 The provision of infrastructure as a function of wages in a state of high climate uncertainty. The

solid and dotted lines represent the corrupt and non-corrupt regimes respectively. The blue line indicates low bribes

and green line indicates high bribes
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FIGURE D4 The provision of infrastructure as a function of wages in a state of low climate uncertainty. The
solid and dotted lines represent the corrupt and non-corrupt regimes respectively. The blue line indicates low bribes

and green line indicates high bribes
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FIGURE D5 The provision of infrastructure as a function of climate uncertainty. The solid and dotted lines
represent the corrupt and non-corrupt regimes, respectively. The blue line indicates low bribes, and green line
indicates high bribes

APPENDIX E

CORRUPTION AND INFRASTRUCTURE PROVISION
OUTCOMES UNDER NORMALLY-DISTRIBUTED
CLIMATE UNCERTAINTY

We characterize the players’ beliefs over possible shocks as a diffuse prior with a normal distribu-
tion with zero mean and variance f. An increase in the value of f reflects a greater range of possible
weather events so that a larger f reflects a more uncertain climate regime. This section shows the cor-
ruption and infrastructure provision outcomes for a normally distributed climate uncertainty.

Figure E1 illustrates infrastructure provision effort as a function of the probability of detection
for high (green line) and low (blue line) values of wages, in a state of high climate uncertainty.
Similar to the equilibrium outcomes under uniformly distributed climate uncertainty, the graph
demonstrates that allowing corruption actually yields greater infrastructure provision when climate
uncertainty is high. For values of (1 — ¢) < A, the outcome is the corrupt contract, regardless of the
wage. For A < (1 — o) < B, the high-wage outcome is the non-corrupt contract, but the low-wage
outcome is the corrupt contract. Finally, for (1 — o) > B, the non-corrupt contract is the outcome
with either wage.

Figure E2 illustrates infrastructure provision effort as a function of the probability of detection for
high and low wages, in a state of low climate uncertainty. In this setting, increasing the probability of
detection makes the non-corrupt equilibrium more likely, but the effect on infrastructure provision de-
pends on the wage. With a low wage, the non-corrupt contract is the equilibrium unless (1 — 6) < B’.
The infrastructure provision is highest when the monitoring effort is low under this setting. In con-
trast, when wages are high and climate uncertainty is low, increases in monitoring when (1 — ) < A’
will result in worse infrastructure effort. However, a large enough increase in monitoring such that
(1 — 6) > A’ would result in a large improvement of infrastructure maintenance effort.
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Figure E3 illustrates infrastructure provision effort as a function of bureaucratic wage for a high
and low probability of detection, in a state of high climate uncertainty. As the figure depicts, the
politician's incentive to be corrupt decreases as the wage increases, causing a shift to the non-corrupt
regime at point C when monitoring effort is high (point D when monitoring effort is low). However,
sufficiently large increases in the wage can improve infrastructure provision. The figure also indi-
cates an inverse relationship between the probability of detection and the wage. That is, a high prob-
ability of detection requires a small increase in wage to shift the system into the non-corrupt regime
(point C).

Figure E4 illustrates infrastructure provision effort, as a function of the wage for high and low prob-
ability of detection, in a state of low climate uncertainty. When climate uncertainty is low, increases
in the wage can cause two shifts between equilibria. At low wages, the system shifts from corrupt to
a non-corrupt regime at C’'. However, as wages increase, the system shifts back to the corrupt regime
with a lower level of infrastructure provision at point D’ (low monitoring) or D” (high monitoring).
Figure E4 also shows that as wages increase, the system shifts to corrupt equilibrium (6M < 0 and
I~ > 0) where infrastructure provision falls. Hence, the effect of changes in the wage on infrastructure
provision can only be expected to improve infrastructure within a relatively small window (C’ to D’
or D”) when climate uncertainty is low.

Figure E5 illustrates infrastructure provision effort as a function of climate uncertainty for a high
and low probability of detection. The figure shows that corruption becomes more likely at very low
levels of uncertainty (f < F). Within the non-corrupt regime, increases in uncertainty can lead to ei-
ther better or worse infrastructure provision based on the monitoring effort. However, for high enough
uncertainty, infrastructure provision worsens under the non-corrupt equilibrium. Figure E5 shows
that as climate uncertainty increases, the incentive to be corrupt becomes positive and infrastructure
provision improves under the corrupt regime. This is represented by the second regime shift at points
G (low monitoring) and H (high monitoring).

Policy Control
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Maintenance Effort (M)

0 T ‘
A B

Probability of Detection (1 — o)

FIGURE E1 The infrastructure provision effort as a function of probability of detection in a state of high
climate uncertainty. The solid and dotted lines represent the corrupt and non-corrupt regimes, respectively. The blue
line indicates low bureaucratic wages, and green line indicates high bureaucratic wages
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FIGURE E2 The provision of infrastructure as a function of probability of detection in a state of low climate

uncertainty (low f). The solid and dotted lines represent the corrupt and non-corrupt regimes, respectively. The blue

line indicates low bureaucratic wages, and green line indicates high bureaucratic wages
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FIGURE E3 The provision of infrastructure as a function of wages in a state of high climate uncertainty.

The solid and dotted lines represent the corrupt and non-corrupt regimes respectively. The blue line indicates weak

monitoring mechanisms bribes, and green line indicates strong monitoring mechanisms
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FIGURE E4 The provision of infrastructure as a function of wages in a state of low climate uncertainty. The
solid and dotted lines represent the corrupt and non-corrupt regimes respectively. The blue line indicates weak
monitoring mechanisms bribes, and green line indicates strong monitoring mechanisms
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FIGURE E5 The provision of infrastructure as a function of climate uncertainty. The solid and dotted lines

represent the corrupt and non-corrupt regimes, respectively. The blue line indicates weak monitoring mechanisms
bribes, and green line indicates strong monitoring mechanisms



