
Kundu, Tapas; Nilssen, Tore

Working Paper

Delegation of regulation

Memorandum, No. 12/2017

Provided in Cooperation with:
Department of Economics, University of Oslo

Suggested Citation: Kundu, Tapas; Nilssen, Tore (2017) : Delegation of regulation,
Memorandum, No. 12/2017, University of Oslo, Department of Economics, Oslo

This Version is available at:
https://hdl.handle.net/10419/202620

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your
personal and scholarly purposes.

You are not to copy documents for public or commercial
purposes, to exhibit the documents publicly, to make them
publicly available on the internet, or to distribute or otherwise
use the documents in public.

If the documents have been made available under an Open
Content Licence (especially Creative Commons Licences), you
may exercise further usage rights as specified in the indicated
licence.

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/202620
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


MEMORANDUM 
 

No 12/2017 
December 2017 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
   
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Tapas Kundu and Tore Nilssen 
 
 

 
 

 

ISSN: 0809-8786 

Department of Economics 
University of Oslo 

	
Delegation of Regulation* 

 
 
 
 
 
 
 



 
 
 
This series is published by the  
University of Oslo 
Department of Economics 
 

In co-operation with 
The Frisch Centre for Economic 
Research  

P. O.Box 1095 Blindern 
N-0317 OSLO Norway 
Telephone:  + 47 22855127 
Fax:             + 47 22855035 
Internet:      http://www.sv.uio.no/econ 
e-mail:        econdep@econ.uio.no

Gaustadalleén 21 
N-0371 OSLO Norway 
Telephone: +47 22 95 88 20 
Fax:  +47 22 95 88 25 
Internet:  http://www.frisch.uio.no 
e-mail: frisch@frisch.uio.no 

 

 
Last 10 Memoranda 

 

No 11/2017  
Pedro Brinca, Miguel H. Ferreira, Francesco Franco, Hans A. Holter and 
Laurence Malafry 
Fiscal Consolidation Programs and Income Inequality*

No 10/2017  
Geir B. Asheim & Andrés Perea 
Algorithms for cautious reasoning in games* 

No 09/2017 
Finn Førsund 
Pollution Meets Efficiency: Multi-equation modelling of generation of 
pollution and related efficiency measures*

No 08/2017  
John K. Dagsvik 
Invariance Axioms and Functional Form Restrictions in Structural Models 

No 07/2017   
Eva Kløve and Halvor Mehlum 
Positive illusions and the temptation to borrow

No 06/17 
Eva Kløve and Halvor Mehlum 
The Firm and the self-enforcing dynamics of crime and protection 

No 05/17  
Halvor Mehlum 
A polar confidence curve applied to Fieller’s ratios 

No 04/17       
Erik Biørn 
Revisiting, from a Frischian point of view, the relationship between 
elasticities of intratemporal and intertemporal substitution 

No 03/17 
Jon Vislie 
Resource Extraction and Uncertain Tipping Points

No 02/17 
Wiji Arulampalam, Michael P. Devereux and Federica Liberini 
Taxes and the Location of Targets

 
Previous issues of the memo-series are available in a PDF® format at: 

http://www.sv.uio.no/econ/english/research/unpublished-works/working-papers/ 



Delegation of Regulation∗

Tapas Kundu†,‡ Tore Nilssen§

December 11, 2017

Abstract

We develop a model to discuss a government’s incentives to delegate to bureaucrats the

regulation of an industry. The industry consists of a polluting firm with private information

about its production technology. Implementing a transfer-based regulation policy requires

the government to make use of a bureaucracy; this has a bureaucratic cost, as the bureaucracy

diverts a fraction of the transfer. The government faces a trade-off in its delegation decision:

bureaucrats have knowledge of the firms in the industry that the government does not have,

but at the same time, they have other preferences than the government, so-called bureaucratic

drift. We study how the bureaucratic drift and the bureaucratic cost interact to affect

the incentives to delegate. Furthermore, we discuss how partial delegation, i.e., delegation

followed by laws and regulations that restrict bureaucratic discretion, increases the scope of

delegation. We characterize the optimal delegation rule and show that, in equilibrium, three

different regimes can arise that differ in the extent of bureaucratic discretion. Our analysis

has implications for when and how a government should delegate its regulation of industry.

We find that bureaucratic discretion reduces with bureaucratic drift but that, because of

the nature of the regulation problem, the effect of increased uncertainty about the firm’s

technology on the bureaucratic discretion depends on how that uncertainty is reduced.
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1 Introduction

Governments often delegate to bureaucrats to deal with industry; see, e.g., Gilardi [13]. Delega-

tion has contrasting effects, though. On one hand, society benefits from bureaucrats’ industry-

specific knowledge. On the other hand, society loses control over policy as non-elected officials

will be making decisions. So when and how should such regulatory decisions be delegated?

Without delegation, an incompletely informed government will have to resort to formulating a

menu-based regulatory policy, so that low-cost firms receive an information rent and high-cost

firms’ production is distorted; see, e.g., Baron [3]. With delegation, regulation is carried out

by an informed bureaucrat, and there is no longer a need to provide low-cost firms with an

information rent. But the bureaucrat, if she is biased, will distort production for both low-cost

and high-cost firms, relative to government’s first best. In order to restrain these distortions,

while still benefiting from the bureaucrat’s knowledge, government can introduce restrictions on

the bureaucrat’s conduct, which we call partial delegation: various laws and rules to go with the

bureaucrat’s license to deal with industry.

In this paper, we set up a model to discuss which kind of such restrictions government may

choose. We find that government will choose one of three options. One is not to delegate,

because the bureaucrat’s bias is too costly. A second option is what we call weak delegation:

government puts a cap on the bureaucrat’s choice set, so that undistorted production by a low-

cost firm is ensured; this happens when the bureaucrat’s bias is less costly. But we also find

scope for a third option: When it is likely that the firm is high-cost, and/or the distortion that

an unrestrained bureaucrat would impose on this firm type is big, the government will choose a

stricter cap, which is based on the firm’s expected cost; we call this strict delegation.

Our model has two key components: a regulated firm with private information about its

production technology, and a bureaucrat who, if delegated the power to do so, will carry out

the regulation of the firm on behalf of government. Consider first the bureaucracy. Whether or

not decision power is delegated, the bureaucracy is there and constitutes a cost for government

of regulating the firm.

• The bureaucracy handles any transfer of resources between the firm and the government,

and it diverts a fraction of the transferred resources. We refer to this fraction as the bureau-

cratic cost and it exists whether or not regulation decisions are delegated. Bureaucratic

leakage like this can appear in many forms in practice. Examples include everything from

shirking and empire building, through inflated budgeting, to diversion of public funds for

private use as well as outright corruption. Our assumption implies that the bureaucratic

cost constrains the effectiveness of any transfer-based regulation policy, irrespective of

whether an informed bureaucrat or an uninformed government determines the regulation

policy.

When regulation is delegated in our model, it is to a bureaucrat with two features well-known
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from earlier analyses, particularly in the political-science literature: bureaucratic expertise; and

bureaucratic drift.1

• First, a bureaucrat has an informational advantage over government in regulating an in-

dustry. A politician can choose a bureaucrat based on her skill and knowledge about the

industry in question. Besides, a bureaucrat has a narrower agenda than that of a politician,

and therefore she has higher incentives to gather information. We model this informational

advantage by assuming that a bureaucrat can freely acquire information about the produc-

tion technology while a government cannot at any cost. In case it does not delegate, the

government faces a standard regulation problem under asymmetric information, leading

to a combination of distorted firm behavior and information rents.

• Secondly, bureaucrats are in part motivated by self-interest: when decision-making au-

thority is delegated to a bureaucrat, she pursues an objective different from that of gov-

ernment. In particular, we assume that, in case of delegation, the bureaucrat maximizes

a weighted combination of the transfers diverted by bureaucracy, as discussed above, and

government’s objective. We refer to the weight on the transfers as the bureaucratic drift.

Consider next the regulated firm. We model a firm that is able to decrease its production costs by

increasing its pollution. Government dislikes pollution and therefore regulates the firm, offering a

higher revenue for the firm in return for less pollution. In the benchmark case of full information,

pollution would be lower for the low-cost firm than for the high-cost firm. But while pollution is

observable, government does not know the firm’s production technology. Seen from government,

the firm is one of two types: low or high production costs. Without delegation, government

solves its lack of information by offering an incentive-compatible menu of regulatory contracts,

i.e., combinations of transfers and pollution levels, subject to a participation constraint; this

leads to an undistorted pollution level for the low-cost firm, together with an information rent,

and an upwardly distorted pollution level for the high-cost firm. Transfers bring a bureaucratic

cost, as discussed above, since a fraction of any amount sent by government to the firm is

diverted by the bureaucracy.2

In case of delegation, the bureaucrat knows the firm’s costs, and so no menu is required.

The bureaucrat is biased in favor of transfers diverted by the bureaucracy, though. This means

that she is more interested in transfers than government is, and more so the larger is the bias

(the bureaucratic drift) and the larger is the diversion (the bureaucratic cost). Interestingly,

this means that she prefers a lower level of pollution than does government, since less pollution

requires a higher transfer. There is thus a downward bias in pollution level in case of delegation.3

1See, e.g., Huber and Shipan [16] and Moe [26] for reviews.
2This creates a shadow cost of public funds that is related to, but different from, the one modeled by Laffont

and Tirole [22], who argue with the existence of distortionary taxes as a rationale for their shadow cost of public
funds. In our set-up, there is no distortionary taxation.

3As we discuss in section 6.3 below, the same downward bias occurs, with results similar to those in our main
analysis, if the bureaucrat has political preferences in favor of little pollution.
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With full, or unrestrained, delegation there will therefore be distortions, relative to government’s

first-best, in the pollution levels for both the low-cost and the high-cost firm. The task for the

government, if full and no delegation are the only feasible options, is to compare the costs of

regulating the firm oneself (information rent to the good firm and an upward distortion of the

pollution from the high-cost firm) to the cost of delegation (downward distortions in pollution

for both types of firm).

In our analysis, we discuss the implications of allowing government to delegate partially. In

particular, the government can delegate the decision to formulate the regulatory contract to

the bureaucrat, but with an instruction to keep the pollution level within an interval. Since the

bureaucrat’s bias is downward, the crucial question is which proper lower bound on pollution the

government should set. There are two options, we find: One is to set the lower bound at the first-

best pollution level for the low-cost firm; we call this weak delegation. This keeps the bureaucrat

in line as far as the low-cost firm goes, but gives her a lot of leeway in the regulation of the high-

cost firm. But if the probability of the firm being high-cost is high, and/or if the bureaucrat’s

distortion of the high-cost firm is large, there is an alternative that will be preferable: putting

the lower bound so high that, in expectation across types, the firm’s pollution level is first-best,

and the bureaucrat responds by implementing the same pollution level for both types of firm;

we call this strict delegation. Weak delegation has the feature that the low-cost pollution level

is restored to the first best, while the high-cost pollution is lower than what government would

prefer, due to the downward bias in the hand of the bureaucrat. With strict delegation, both

the low-cost and high-cost pollution levels are distorted relative to first best; thus, when strict

delegation occurs, the equilibrium outcome does not feature “no distortion at the top”, which

is otherwise a very common aspect of screening models with asymmetric information.

As we move from no delegation through strict delegation to weak delegation, there is an in-

crease in the extent of discretion offered to the bureaucrat. This extent of discretion is decreasing

in the bureaucratic drift and in the bureaucratic cost: the less troublesome the bureaucracy is,

the more delegation will take place.

Another factor having an impact on the extent of discretion is government’s uncertainty.

This uncertainty is at the highest when the two types of the firm are equally likely. We find

that there is a lot of discretion when uncertainty is high. However, the effect of reducing the

uncertainty depends of which way it is reduced. If uncertainty goes down because the high-cost

type gets more likely, then weak delegation performs poorly, and government may want to resort

to strict delegation. If, on the other hand, uncertainty goes down because the low-cost type gets

more likely, then strict delegation does not have a similar role to play, and government will to

a large extent end with weak delegation.

Although we believe that the pollution that the bureaucrat allows in many cases will be

easier for government to monitor than the transfers offered to the firm, we also discuss the

consequences of having delegation being partial by having government putting bounds on the
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transfers rather than on pollution. An important difference from the case when bounds are

on pollution is that the first-best transfer is not monotone in the firm’s technology, while the

first-best pollution level is. This difference affects the incentives to delegate. In particular,

bureaucratic discretion is no longer monotonic in bureaucratic cost.

The result that there is no strict delegation when the probability of a low-cost firm is high

is related to the downward bias of the bureaucrat. The downward bias leads to a need to have

a lower bound on pollution in case of delegation. But when it is unlikely that the firm is high-

cost, there is little scope for strict delegation to make a difference. This would be different in a

case of regulation where the bureaucrat’s bias is upward. To see this, we introduce a different

set-up for the government-firm relationship. Instead of government regulating the firm, it offers

pollution permits in return for transfers from the firm, i.e., transfers run from the firm through

the bureaucracy to government, and more transfers mean more pollution. Now, in case of full

delegation, we would have an upward bias: more pollution would mean higher fees to be paid and

therefore more transfers, and transfers benefit the bureaucrat more than they do government.

Our analysis of the permits case leads to an outcome similar to the one above, except when it

comes to the occurrence of strict delegation. Now, it is when the probability of a high-cost firm

is high that strict delegation has only a little role to play, and so we will see it only when the

probability of the firm being low-cost is high.

The paper is organized as follows. In the next section, we discuss related literature. In

Section 3, we present our basic model. Sections 4 and 5 analyze the delegation problem and

the optimal partial delegation, respectively. In Section 6, we discuss how various factors in

our model affect the partial delegation rule and the equilibrium regulation policy. Section 7

concludes the paper. Appendix A contains proofs of our results omitted in the main text, and

Appendix B includes a detailed analysis of the delegation problem in the case of permits.

2 Related literature

Our paper relates to several strands of literature. One is the political-science literature on

when and how to delegate decision power to well-informed but biased bureaucrats; see Huber

and Shipan [16] for a summary of this literature and Epstein and O’Halloran [7] for a key

contribution. Huber and Shipan point to four reasons for delegating decision power to such

bureaucrats. One is the effect of political uncertainty, which has (at least) two facets. First,

politicians currently in position who are worried that they will lose next election may want to

delegate decision power to bureaucrats. Secondly, government faces a credibility problem in that

industry may hold back investments when there is uncertainty as to whether current regulatory

policy will be continued in the future; see, e.g., Spulber and Besanko [27], Levine, et al. [24],

and Evans, et al. [9] on how delegating the task of regulation to bureaucrats may alleviate this

hold-up problem. As argued by de Figueiredo [5], however, such political uncertainty calls for
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giving the bureaucrat limited discretion, or what we here call strict delegation, in order to make

sure that current government’s policy is carried out also in the future. While Gilardi [13] argues

for the increased importance of the credibility problem to explain the expansion of independent

regulatory agencies in many Western European countries in recent decades, it is not clear how

much discretion for bureaucrats that this argument can explain. In the current analysis, we

disregard any future elections and thus sidestep political uncertainty altogether.

The second factor that Huber and Shipan [16] point to is government’s ability to monitor

the bureaucrat ex post. When the scope for such ex-post monitoring is large, government is

more interested in delegating ex ante. This is clearly relevant in a regulatory setting. For

example, government may be able to overcome some of the costs of delegation by instituting

a way for regulated firms to appeal to the ministry. Also, it may in some cases be possible to

write contracts with the bureaucrat in order to incentivize her to regulate more in line with

government’s interest. We have still chosen not to include such aspects of delegated regulation

in the present analysis, and there is no form of ex-post monitoring in our model. Thus, when

we find that government imposes limits on bureaucrats’ monitoring, this does not show up as a

substitute for ex-post monitoring.

Thirdly, Huber and Shipan [16] point to the importance of the misalignment of interests

between government and bureaucrat, what we here call bureaucratic drift. The so-called ally

principle states that there is more delegation, the more aligned the two are, or the lower the

bureaucratic drift is. In our analysis, we model the bureaucratic drift in a way particularly suited

to the regulatory setting we discuss: the bureaucrat puts weights in her objectives on both the

consumer surplus and the transfers diverted into the bureaucracy. Still, the ally principle shows

up clearly also in our context: the more weight the bureaucrat puts on the diverted transfers,

the less delegation there will be in equilibrium.

Finally, Huber and Shipan [16] stress the importance of government’s policy uncertainty:

the more uncertain government is about the effect of the decisions to be made, the more willing

it is to delegate those decisions to an informed bureaucrat; this is oftentimes called the uncer-

tainty principle. In our setting, government is incompletely informed about the regulated firm’s

production technology. The uncertainty is the highest when, in our two-type case, it is equally

likely that the firm has low and high costs, respectively. What we find is slightly in contrast

to the uncertainty principle. The bureaucratic drift gives rise to a downward bias in pollution

levels: the bureaucrat prefers lower pollution level than government does. Weak delegation

means putting a cap on the bias. When this is not enough, the government may want to resort

to strict delegation. However, such strict delegation is based on an ex-ante expectation of firm’s

production costs and does not work well when the firm is likely to have low costs. The upshot is

that, in discussions of delegation of regulatory tasks, one cannot expect the uncertainty principle

to hold.

Secondly, there is a literature discussing regulation of firms by a bureaucrat where the focus
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is not on whether or not to delegate but on how to avoid regulatory capture; see, e.g., Laffont and

Tirole [21,22]. In these models, regulation is modeled as a three-tiered principal-agent problem

with the bureaucrat in the middle tier, observing the firm’s true type with a certain probability.

Regulatory capture is modeled as collusion between the bureaucrat and the firm and the focus

is on how to formulate contracts with the bureaucrat and the firm that are collusion-proof, thus

avoiding regulatory capture. While we certainly believe that regulatory capture is a problem

that should be taken seriously, we distract from it here in order to focus on government’s use of

various forms of partial delegation in order to make delegation less harmful and therefore more

useful. In this literature on regulatory capture, delegation is taken as a given, and there is little

discussion of how one can limit bureaucrats’ discretion in order to avoid regulatory capture.4

Moreover, this literature assumes that incentive contracts between government and bureaucrats

are feasible, whereas we let bureaucrats be hired at an unmodeled fixed salary.

Thirdly, there exist models of bureaucrats regulating firms. One example is Khalil, et al. [17].

They model a bureaucrat who procures a good from a privately informed firm and who is given

a fixed budget. The bureaucrat benefits in part from funds kept in the bureaucracy and not

payed out to the firm. Although this is not a model of delegation and the bureaucrat is not

informed, as ours is, there are some similarities in result. In their model, the government will

keep the bureaucrat’s budget low, to which the bureaucrat may choose to respond by offering

the firm a pooling contract. This resembles our strict delegation, where the bureaucrat is tied

up and, while not offering a pooling contract, at least is restricted to offer both firm types the

same level of pollution. The work of Hiriart and Martimort [14] is quite complementary to ours.

Like us, they discuss how much discretion government should give when delegating a regulatory

task to a bureaucracy. But that regulatory task is quite different from ours, since the incentive

problem involved is one of moral hazard rather than of asymmetric information. Moreover, the

bureaucrat’s bias in their model is pro-firm rather than pro-transfers. Also, they do not discuss

whether or not government should delegate at all, as we do here.5

Fourthly, we contribute to the literature on the political economy of environmental policy.

Our starting point is a model by Boyer and Laffont [4]. In their analysis, there are no bureaucrats.

Instead there are two political parties, one that favors the regulated firm and one that favors

others. They discuss whether politicians should be restricted to a non-discriminatory regulation

policy, which is essentially what we here call strict delegation, with both firm types being offered

the same pollution level. But although the outcome they discuss has similarities with ours, the

issues involved are different. In particular, in our analysis, it is the politicians who formulate

the delegation policy and decide whether to have strict or weak delegation, and the bureaucrat,

when delegated the decision power, has full information about the firm technology. In the model

4One exception is the work of Laffont and Martimort [20], who discuss how government can institute multiple
regulators of the same firm, in order to reduce bureaucrats’ discretion and this way make regulatory capture more
difficult.

5An interesting study of regulatory discretion is by Duflo, et al. (2016), who show how giving discretion to
regulators inspecting polluting plants in Gujarat, India, improves the regulatory outcome.
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of Strausz [28], there are bureaucrats but, in contrast to our setting, they are not informed and

therefore resort to regulation through menus of contracts. The focus of Strausz is on how

pre-election bargaining among the political parties affects the performance of the bureaucrats.

Finally, we are related to the literature on the delegation problem, which started out with

the seminal work of Holmström [15]. There, a relationship between a principal and an agent

is modeled, where incentive contracts are not feasible, and the agent is biased and privately

informed; all these features are shared with our model, where the two are called government

and bureaucrat. But in contrast to this literature, the task in our setting is not to pick an

action from the real line but to pick a contract in order to regulate the actual agent: the firm.

Recent work in this literature includes Alonso and Matouschek [1] and Amador and Bagwell [2].

In Koessler and Martimort [18], Frankel [10–12], and Letina, et al. [23], the action space is

multidimensional, just as we have in our model, with our two-dimensional regulatory contracts.

Consider, in particular, Frankel [11]. One difference from our model is that Frankel assumes

a state-independent bias, meaning the principal knows the bias even though he does not know

the state, whereas in our regulatory set-up, the strength and direction of the bureaucratic drift

vary with firm type.6 In Melumad and Shibano [25], the action space is one-dimensional, but

the agent’s bias is state-dependent, in such a way that both its strength and direction are

private information. Alonso and Matouschek [1] extend the analysis of Melumad and Shibano

to more general distributions of the state variable and more general utility functions. Melumad

and Shibano [25] also distinguish between decision rules that are what they call communication

dependent and those that are communication independent, a distinction that closely resembles

the one we make here between weak and strict delegation. See Section 5 for further discussion

of the relationship with the work of Melumad and Shibano [25] and Alonso and Matouschek [1].

A common theme between these papers and ours is the need to cap the bias. In our case,

this means putting a lower bound on pollution levels because the bureaucrat is less interested

in pollution (and more interested in transfers) than is government. However, the focus is still

quite different. The papers cited are interested in finding out whether interval delegation is

optimal, meaning that the set of actions that the principal optimally admits is an interval (or the

equivalent in the multi-dimensional version). Our model differs from those previously discussed

in this literature in that, without delegation, there is a regulation problem with asymmetric

information. Our primary concern is to discuss how delegation of regulation to an informed

but biased bureaucrat is best done. In order to do this in a transparent way, we introduce a

model with two types of firms, so that government’s first-best choice is one of two single points

in the action (transfer-pollution) space. Moreover, we limit government to put constraints in

one dimension only, which is pollution in the main treatment, and we impose on government a

requirement that the constraint is an interval. Of particular interest, relative to the literature

on the delegation problem, is our finding of a scope for strict delegation: it may be optimal to

6In an extension, Frankel [11] allows for biases that vary with both the state and the action. However, unlike
our model, the state and the action affect biases in an additively separable way.
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delegate stricter than merely capping the bias: the government’s lack of information about the

regulated firm, a feature which is novel to our delegation problem, may cause it to limit the

bureaucrat to perform a uniform regulatory policy. Finally, in our analysis, the principal has a

natural outside-option: to go about regulating the firm himself by way of a menu of self-selection

contracts. This way, we are able not only to discuss what is the best way to delegate, but also

whether this optimum delegation is better than no delegation at all.

3 The model

We consider the problem of regulating a polluting firm under asymmetric information. Following

Laffont [19] and Boyer and Laffont [4], we assume that the firm’s level of pollution is observable

and verifiable.

The firm’s cost of production is

C (θ, d) = θ (K − d) ,

where K > 0 is a constant, d ∈ [0,K] is the observable and verifiable pollution level chosen

by the firm, and θ is a cost characteristic which is the firm’s rivate information. With Cθ > 0,

a high θ implies a high cost and therefore low cost efficiency. We assume that θ can take two

values,
{
θ, θ
}

, with 0 < θ < θ < K. Let ν ∈ (0, 1) be the probability that the firm is low-cost

with type θ = θ.

Consumers are adversely affected by pollution, with a disutility given by d2

2 . The social value

of production is therefore

V (θ, d) = G− θ (K − d)− 1

2
d2,

where G ≥ K2

2 , ensuring that the social value of production is non-negative even at maximum

pollution, i.e., that V (θ,K) ≥ 0. Note that, for a given θ, the socially efficient pollution level

is θ.

With the accounting convention which by now is standard in the literature (see, e.g., Laffont

[19]), government is assumed to pay the firm’s costs and to receive the proceeds from sales. It

follows that a regulatory contract is a combination α = (t, d) ∈ A = R+ × [0,K]: by providing

a transfer t to the firm, government compensates the firm for keeping its level of pollution at d.

Given a contract α = (t, d), the firm’s payoff is

UP (θ, t, d) = t− θ (K − d) . (1)

We will consider pairs of contracts (α, α) =
(
(t, d) ,

(
t, d
))
∈ A2, for the two types θ and θ,
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that satisfy incentive-compatibility constraints:

t− θ
(
K − d

)
≥ t− θ (K − d) , (ICH)

t− θ (K − d) ≥ t− θ
(
K − d

)
. (ICL)

We also assume that the firm’s participation is voluntary so that contracts must be individually

rational. A contract α satisfies the individual-rationality constraint if

t− θ (K − d) ≥ 0 . (IR)

A pair of contracts (α, α) satisfy the individual-rationality constraints if

t− θ
(
K − d

)
≥ 0 , (IRH)

t− θ (K − d) ≥ 0 . (IRL)

We assume that the implementation of the regulation has a bureaucratic cost. For every

unit of fund raised, the firm receives only a fraction (1− λ) of it, where λ ∈ (0, 1), and the

remaining fraction λ is consumed by the bureaucracy.7 Therefore, in order to make a transfer

of t to the firm, government has to raise public funds of t
1−λ , out of which λt

1−λ is consumed in

bureaucracy. The payoff to government from a contract α = (t, d) is thus given by

UC (t, d) = G− 1

2
d2 − t

1− λ
. (2)

Government can delegate the regulatory decision-making to an independent regulator, a bu-

reaucrat B. We assume that the bureaucrat is informed about the firm’s cost. She can therefore

implement a type-contingent regulatory policy. If government delegates, then the bureaucrat has

authority to choose a regulatory policy according to her own preferences. We assume that B has

a vested interest in that fraction of the transfer that is consumed in bureaucracy. Specifically,

the bureaucrat’s payoff is a weighted average of this fraction and the payoff to government:

UB (θ, t, d) = β
λt

1− λ
+ (1− β)UC (t, d)

= (1− β)

[(
G− 1

2
d2

)
−
(

1− λβ

1− β

)
t

1− λ

]
, (3)

where β ∈ (0, 1) measures the extent of the bureaucrat’s rent-seeking motivation.

If λβ
1−β > 1, or equivalently β > 1

1+λ , then the bureaucrat’s payoff is increasing in t. In

this case, B will maximize her payoff by choosing an infinitely high transfer, without adversely

affecting the firm’s participation constraint. We impose a restriction on how misaligned the

7Public transfer often involves other forms of distortionary cost, such as distortion caused by taxation. We
disregard such costs and focus on the bureaucratic cost.
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bureaucrat and government can be to ensure that this does not happen:

Assumption 1. β ≤ 1
1+λ .

The game proceeds as follows.

• Stage 1. Government decides whether or not to delegate the decision-making authority

to an independent bureaucrat B. If it does not delegate, then the authority remains with

government.

• Stage 2. The firm learns its type θ, which can be either θ with probability ν or θ with

probability 1− ν. B also learns the firm’s type.

• Stage 3. The player with decision making authority − government or bureaucrat − deter-

mines the regulatory policy.

• Stage 4. Production takes place. Payoffs are realized. The game ends.

We study the Perfect Bayesian Nash equilibrium of the game.

4 Analysis

We solve the game by backward induction. As no strategic decision is made at stage 4, we begin

at stage 3.

As a benchmark for comparison, we first describe the regulatory contract that government

chooses if it has complete information about θ. The contract for type θ solves the following

problem:

max
α

G− 1

2
d2 − t

1− λ
(4)

subject to (IR).

We denote the solution with subscript CI. Clearly, the firm’s participation constraint is binding,

so we write t = θ (K − d). Replacing t in (4), we find from the first-order condition that the

optimal contract αCI (θ) = (tCI (θ) , dCI (θ)) is given by

dCI (θ) = min

{
θ

1− λ
,K

}
, (5)

tCI (θ) = θ [K − dCI (θ)] .

Observe that, when λ ≥ 1 − θ
K , the pollution is at the maximum and there is no transfer:

αCI (θ) = (0,K). In this case, essentially, government lets the producer go unregulated, with

no transfer and no profit. For the analysis below, we restrict our attention to cases where

government does not offer such a no-regulation contract to any type of firms under complete

information. Formally, we impose the following restriction:
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Assumption 2. λ ≤ 1− θ
K .

As we will see below, this Assumption still allows for no-regulation contracts under asym-

metric information.

With Assumption 2 in place, we can write

dCI (θ) =
θ

1− λ
.

As dCI (θ) is increasing in θ, the cost efficient low-cost firm is also efficient in reducing

pollution.8 The actual cost of production, and consequently, the compensating transfer tCI (θ)

is however not monotone in θ. We have tCI (θ) ≤ tCI
(
θ
)

if and only if λ ≤ 1− θ+θ
K . The low-cost

firm receives less (more) transfer than the high-cost firm for low (high) values of λ.

4.1 Regulation by government under asymmetric information

With no delegation at stage 1, the uninformed government offers an incentive-compatible pair

of contracts (α, α) to the firm at stage 3. The contract pair solves the following problem:

max
α,α

ν

[
G− 1

2
d2 − t

1− λ

]
+ (1− ν)

[
G− 1

2
d

2 − t

1− λ

]
(6)

subject to (IRH), (IRL), (ICH), and (ICL).

We denote the solution with subscript CN . Define 4θ := θ−θ. The following Lemma describes

the contract pair.

Lemma 1. Consider the case of no delegation. The contract pair

(
αCN (θ) , αCN

(
θ
))

=
(
(tCN (θ) , dCN (θ)) ,

(
tCN

(
θ
)
, dCN

(
θ
)))

that government offers to the firm is given by

dCN (θ) =
θ

1− λ
,

dCN
(
θ
)

= min

{
1

1− λ

(
θ +

ν

1− ν
4θ
)
,K

}
, (7)

tCN (θ) = θ (K − dCN (θ)) +4θ
(
K − dCN

(
θ
))
,

tCN
(
θ
)

= θ
(
K − dCN

(
θ
))
.

8This feature follows from our assumptions on the cost function: Cθ > 0 and Cθd < 0. The increasing
property of dCI (θ) can be reversed with alternative assumptions: Cθ > 0, Cθd > 0, as in C (θ, d) = K − d/θ;
or Cθ < 0, Cθd < 0, as in C (θ, d) = K − θd. Our assumptions are however consistent with previous related
work, such as Boyer and Laffont [4]. As they point out, “with a one-dimensional asymmetry of information, the
positive correlation between ability to produce and to reduce pollution seems more compelling than the alternative
assumption” (p. 140). It is, however, worth noting that the monotonicity of dCI (θ) does not depend on a specific
sign of Cθd, rather it follows from Cθd having the same sign for all θ and d.
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Proof. In Appendix A.

In absence of complete information, government shares an information rent with the low-cost

firm. In addition, there is a distortion in the pollution level set for high-cost firms.

Note that, from (7), we have dCN
(
θ̄
)

= K if ν is sufficiently large, in particular if

ν ≥ ν∗ :=
(1− λ)K − θ
(1− λ)K − θ

∈ [0, 1] , (8)

which is decreasing in λ. With d = K, we have t = 0 and C (·,K) = 0, so that both revenue

and cost, and hence the firm’s profit, equal zero; in effect, government lets the high-cost firm

go unregulated. Thus, while Assumption 2 ensures that this does not happen under complete

information, that Assumption still allows for it under asymmetric information.

4.2 Regulation by bureaucrat under full delegation

Full delegation refers to a case where government delegates decision-making authority to a

bureaucrat without imposing any restriction on the latter’s choice set. An informed bureaucrat

then offers a type-contingent contract. The contract for type θ solves the following problem:

max
α

(1− β)

[(
G− 1

2
d2

)
−
(

1− λβ

1− β

)
t

1− λ

]
, (9)

subject to (IR).

We denote the solution with subscript BI. The following Lemma describes the contract.

Lemma 2. Assume that government delegates the decision-making authority to a bureaucrat.

The contract αBI (θ) = (tBI (θ) , dBI (θ)) that the bureaucrat offers to a producer of type θ ∈{
θ, θ
}

is given by

dBI (θ) =

(
1− λβ

1− β

)
θ

1− λ
(10)

tBI (θ) = θ (K − dBI (θ)) .

Proof. Under Assumption 1, the bureaucrat’s objective function is decreasing in t, so that the

firm’s participation constraint will be binding and we can write t = θ (K − d). Replacing t in

(9) and solving the maximization problem, we obtain the result.

The bureaucrat’s choice of pollution level is always below government’s full-information

choice because of her vested interest in transfer. By setting pollution at a lower level, the

bureaucrat can increase the production cost, and thereby the compensatory transfer. Note that

Assumption 1 ensures that her optimal pollution level is always non-negative.
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4.3 Comparison between full delegation and no delegation

Comparing government’s payoffs in the two cases, we write the condition under which govern-

ment prefers no delegation to full delegation:

4D := EθUC (αCN (θ))− EθUC (αBI (θ)) > 0, (11)

where, for an arbitrary function g (·) of θ, we let

Eθg (θ) := νg (θ) + (1− ν) g
(
θ
)
.

Below, we discuss how the sign of 4D changes with respect to β, λ, and ν.

The effect of β is straightforward. Government’s payoff under full delegation decreases with

β whereas β has no impact on that payoff under no delegation. Therefore, government prefers

no delegation to full delegation if and only β is above a threshold. This finding is similar to what

is known as the ally principle in the political-economy literature (Huber and Shipan [16]). The

ally principle suggests government prefers to give more discretion to more aligned bureaucrats.

The bureaucratic cost λ has two contrasting effects on 4D. On one hand, the adverse effect

of policy distortion from delegation increases with λ. On the other hand, the positive effect of

not sharing information rent in delegation reduces with λ. The two effects interact in a way

that can change 4D non-monotonically. However, it can be shown that 4D changes its sign

only once. Furthermore, for large values of λ, the first effect dominates the second one, and

government therefore prefers no delegation to full delegation if and only if λ is above a threshold.

How does uncertainty affect delegation? We find that 4D is weakly convex in ν and takes

positive values at ν = 0 and ν = 1. This implies that 4D can possibly take negative values

only at an intermediate range of ν.9 This is because government benefits from the bureaucrat’s

informational advantage, and the benefit is high in situations with high uncertainty. Interme-

diate values of ν are when government is most uncertain of the firm’s technology. Our result

is therefore consistent with the uncertainty principle, which suggests that government prefers

more bureaucratic discretion in situations with high uncertainty (Huber and Shipan [16]).

The following Proposition documents the above findings.

Proposition 1. Consider the game in which government chooses between the alternatives of

full delegation and no delegation. The equilibrium is characterized as follows:

(i) For given λ and ν, there exists a threshold β such that no delegation occurs if and only

if β ≥ β.

(ii) For given β and ν, there exists a threshold λ such that no delegation occurs if and only

if λ ≥ λ.

9Such a possibility arises, however, only if ∂4D
∂ν

is sufficiently negative at ν = 0.
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(iii) For given λ and β, there exist 0 < νFD ≤ νFD < 1 such that full delegation occurs if

and only if νFD ≤ ν ≤ νFD. The interval
[
νFD, νFD

]
can be a null set for large values of β.

Proof. In Appendix A.

Below we present a numerical example.

Example 1. Consider an example with G = 50, K = 10, θ = 4, and θ = 2. The feasible

range of λ, satisfying Assumption 2, is [0, 0.6]. Figure 1 plots government’s preferences over full

delegation and no delegation in (β, λ) space, with ν = 0.5, 0 ≤ λ ≤ 0.6, and 0 ≤ β ≤ 1
1+λ .

The FD area represents parameter values for which government prefers full delegation to no

delegation. Figure 2 plots government’s preferences over full delegation and no delegation in

(ν, λ) space, with β = 0.5, 0 ≤ λ ≤ 0.6, and 0 ≤ ν ≤ 1.

Figure 1. No delegation (ND) vs full delegation (FD)

in (β, λ) space

Figure 2. No delegation (ND) vs full delegation (FD)

in (ν, λ) space

5 Partial delegation

Government can improve its payoff from delegation by restricting the bureaucrat’s choice set.

As the bureaucrat has an interest in the transfer, her preferred pollution level is always below

that of government. Government can therefore improve its payoff by imposing a lower bound on

the bureaucrat’s choice of this level. But being uninformed, it cannot impose type-dependent

bounds. In order to study goernment’s interest in setting bounds on pollution levels, we will be

considering a bureaucrat choosing regulatory contracts α (θ) = (t (θ) , d (θ)) , θ ∈
{
θ, θ
}

under

the constraint that d (θ) ∈ [d1, d2] ⊆ [0,K]; it is this constraint that we call partial delegation.

This notion of partial delegation resembles interval delegation (see, e.g., Alonso and Ma-

touschek [1] and Amador and Bagwell [2]). Since the task to be delegated is one of regulation,
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we have on one hand a multi-dimensional action space and on the other hand a two-type in-

formation issue. Here, we do not consider whether interval regulation, or any multidimensional

equivalent (such as, e.g., in Frankel [11]), is optimal and limit our attention to the above notion

of partial delegation.10

Below we first look at how partial delegation affects the bureaucrat’s choice of regulation

contracts. Her optimal contract for type θ solves the following problem:

max
α

(1− β)

[(
G− 1

2
d2

)
−
(

1− λβ

1− β

)
t

1− λ

]
, (12)

subject to (IR), and d ∈ [d1, d2] .

We denote the solution with a superscript P and a subscript BI. The following Lemma describes

the bureaucrat’s optimal choice of contracts under partial delegation.

Lemma 3. Assume that government delegates the decision making authority with the restriction

that d ∈ [d1, d2] ⊆ [0,K]. The bureaucrat’s preferred regulation contract for type θ ∈
{
θ, θ
}

is

given by αPBI (θ, d1, d2) =
(
tPBI (θ, d1, d2) , dPBI (θ, d1, d2)

)
, where

dPBI (θ, d1, d2) =


d1, if d1 ≥ dBI (θ) ;

dBI (θ) =
(

1− λβ
1−β

)
θ

1−λ , if d1 < dBI (θ) < d2;

d2, if dBI (θ) ≥ d2.

tPBI (θ, d1, d2) = θ
(
K − dPBI (θ, d1, d2)

)
.

Proof. Follows from replacing t by θ (K − d) in (12) and using the first-order condition of the

optimization problem.

The bureaucrat’s choice of contract under partial delegation coincides with her choice under

full delegation if the latter lies in the bounded interval [d1, d2]; otherwise, the optimal choice lies

at the boundaries. The government can therefore affect her choice by manipulating d1 and d2.

Next, we study government’s choice of d1 and d2. The following lemma describes the choice

for the upper bound.

Lemma 4. Fix d1 ∈ [0,K]. Suppose government partially delegates with a restriction that

d (θ) , d
(
θ
)
∈ [d1, d2], for some d2 ∈ [d1,K]. Government’s payoff is maximized at any d2 ≥

max
{
d1, dBI

(
θ
)}

.

Proof. By Lemma 3, if d2 ≤ dBI
(
θ
)
, then B sets dPBI

(
θ, d1, d2

)
= d2, and government’s payoff

increases with d2 in this range. If d2 ≥ dBI
(
θ
)
, then B sets dPBI

(
θ, d1, d2

)
= dBI

(
θ
)
, govern-

10The alternative form of partial delegation, putting constraints on transfers rather than on pollution, is dis-
cussed in Section 6.1 below. A discussion of doing both, that is, having constraints on both pollution and transfers,
would require enriching the present model to have more than two firm types and is left for future research.
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ment’s payoff is independent of d2 in this range, and the payoff is higher than what it gets by

setting d2 ≤ dBI
(
θ
)
. Hence, government’s payoff is maximized at any d2 ≥ dBI

(
θ
)
.

Disregarding government’s indifference, we simply put its choice at d2 = max
{
d1, dCI

(
θ
)}

.

Recall that dCI
(
θ
)

is government’s preferred pollution level for the high-cost firm under full

information, and that dCI
(
θ
)
> dBI

(
θ
)
. The following lemma describes potential choices for

the optimal lower bound.

Lemma 5. Fix d2 = max
{
d1, dCI

(
θ
)}

. Suppose government partially delegates with a restric-

tion that d (θ) , d
(
θ
)
∈ [d1, d2], for some d1 ∈ [0, d2]. If dBI

(
θ
)
≤ dCI (θ), then, among all d1 ∈

[0, d2], government’s payoff is maximized at d1 = Eθθ
1−λ = dCI (Eθθ). If dBI

(
θ
)
> dCI (θ), then,

among all d1 ∈
[
0, dBI

(
θ
)]

, it is maximized at d1 = dCI (θ), while among all d1 ∈
(
dBI

(
θ
)
, d2

]
,

it is maximized at d1 = Eθθ
1−λ = dCI (Eθθ).

Proof. In Appendix A.

Lemmata 3, 4, and 5 together imply that, when government partially delegates, two possi-

bilities may arise in equilibrium.

• Weak Delegation (WD): In this regime, government chooses d1 = dCI (θ) and d2 = dCI
(
θ
)
.

In response, the bureaucrat sets dPBI (θ, d1, d2) = dCI (θ) and dPBI
(
θ, d1, d2

)
= dBI

(
θ
)
.

Government implements the full-information contract if the firm is low-cost. There is

distortion at the contract offered to a high-cost firm, as dBI
(
θ
)
< dCI

(
θ
)
. We refer to

this regime as weak delegation.

• Strict Delegation (SD): In this regime, government chooses d1 = dCI (Eθθ) > dBI
(
θ
)
. In

response, the bureaucrat sets dPBI (θ, d1, d2) = dPBI
(
θ, d1, d2

)
= dCI (Eθθ), resulting in a

uniform pollution level for both types of firm. Government’s choice of d1 is the optimal

uniform pollution level. Also note that the bureaucrat’s choice of pollution does not

depend on the upper bound d2 for any d2 ≥ dCI (Eθθ). In this case, we can therefore

write government’s optimal delegation strategy as setting d1 = d2 = dCI (Eθθ), and the

bureaucrat’s discretion is limited to setting the transfer. We refer to this regime as strict

delegation.

The following proposition documents the above findings.

Proposition 2. Suppose that government partially delegates with a restriction that d (θ) , d
(
θ
)

∈ [d1, d2] ⊆ [0,K]. Government’s partial-delegation rule takes one of the following two forms:

(i) d1 = dCI (θ) and d2 = dCI
(
θ
)
, in which case government implements the full-information

contract to a low-cost firm and there is distortion to the contract offered to a high-cost firm;

(ii) d1 = d2 = dCI (Eθθ), in which case government implements a uniform pollution level.
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These findings are similar to those in Melumad and Shibano ( [25], MS hereafter) and Alonso

and Matouschek ( [1], AM hereafter). Both MS and AM consider the delegation problem in a

framework with a one-dimensional action space, a quadratic loss function, and state-dependent

biases. Our model reduces to a one-dimensional set-up when the producer’s participation con-

straint binds. In this reduced set-up, the players’ payoff functions share common features with

those studied in MS and AM. When the participation constraint binds, we can rewrite the

respective payoff functions of the bureaucrat and the government as

UB =FB (θ)− 1− β
2

(d− (1− b) dCI (θ))2 ,

UC =FC (θ)− 1

2
(d− dCI (θ))2 ,

where

FB (θ) = (1− β)

(
G−K (1− b) dCI (θ) +

1

2
(1− b)2 d2

CI (θ)

)
,

FC (θ) = G−KdCI (θ) +
1

2
d2
CI (θ) ,

and b = λβ
1−β is a measure of the conditional preference divergence.11 Our descriptions of the two

delegation regimes also have interpretations similar to those found in MS. MS define a decision

rule as communication independent if it does not distinguish between environments in different

states and as communication dependent otherwise. A weak (strict) delegation regime in our

framework is qualitatively similar to a communication-dependent (communication-independent)

rule as, in this regime, the implemented pollution level varies (does not vary) with the state.

Below, we continue the numerical example to illustrate the two possibilities.

Example 2. We continue with the same parametric specification (G = 50, K = 10, θ = 4,

and θ = 2) as used in Example 1. In addition, assume λ = 0.25, β = 0.65, and ν = 0.5.

Figure 3 plots the full-information regulation contract, government’s preferred contract under

no delegation, and the bureaucrat’s preferred contract under full delegation, in (d, t) space.

The straight lines represent the firm’s individual-rationality constraints, with the steeper one

corresponding to a high-cost firm, and the firm’s profit increasing in the top-right direction.

The dashed curves and the dot-dashed curves represent the indifference curves of government

and the bureaucrat, respectively, with utility increasing in the bottom-left direction. The points

A, B, C, D, E, and F represent the regulatory contracts αCI (θ), αCI
(
θ
)
, αCN (θ), αCN

(
θ
)
,

αBI (θ), and αBI
(
θ
)
, respectively. In Figure 4 (which is comparable to Figure 3), we illustrate

11While MS consider a form of divergence of preferences similar to ours, AM allow for more general forms of
divergence. Also, note that the action variable d and the state variable θ appear in a non-additive way in the
expression of bias, which is typically measured by UC −UB , the difference between the payoffs of the two players.
This is in contrast to Frankel [11], who allows for general expressions of biases but considers effects of the action
and the state on biases that are additively separable.
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the two possibilities that government can induce through partial delegation. In our example,

dCI (θ) = 2.67, dCI
(
θ
)

= 5.33, and dCI (Eθθ) = 4. With partial delegation, government can

either implement contracts A and F by setting d1 at 2.67 (weak delegation), or implement

contracts G and H by setting d1 at 4 (strict delegation). The shaded area in Figure 4 shows

the bureaucrat’s choice set under weak delegation whereas the dashed vertical line in Figure 4

corresponds to the choice set under strict delegation. In this example, government’s expected

value turns out to be higher at the pair {G,H}, i.e., strict delegation, implying the optimal

d1 = 4.

Figure 3. The regulation contracts in (d, t) space Figure 4. Partial delegation in (d, t) space

Based on government’s expected payoffs in the various cases, we observe three possible

regimes in equilibrium − weak (WD), strict (SD), and no delegation (ND). The following propo-

sition fully characterizes how different regimes can arise in equilibrium.

Proposition 3. Consider the game in which government chooses between partial delegation and

no delegation. The equilibrium regime is characterized as follows:

(i) Fix ν. There exists a threshold λD (β), decreasing in β, and a constant λND such that

weak delegation occurs if λ < λD (β); no delegation occurs if λ ≥ max
{
λD (β) , λND

}
; and strict

delegation occurs if λD (β) < λ ≤ λND.

(ii) Fix λ and β. Define ν̂ := min

{(
λβθ

(1−β)4θ

)2
, 1

}
∈ [0, 1]. Government prefers strict

delegation to weak delegation if and only if ν ≤ ν̂. For ν ≤ ν̂, there exists a threshold νSD ∈
[0, ν̂] such that strict delegation occurs in equilibrium if ν ≤ νSD; and no delegation occurs

in equilibrium if ν ∈
[
νSD, ν̂

]
. For ν ≥ ν̂, there exist threshold values νWD and νWD, with

ν̂ ≤ νWD ≤ νWD ≤ 1, such that weak delegation occurs in equilibrium if and only if νWD ≤ ν ≤
νWD; and no delegation occurs in equilibrium otherwise.

Proof. In Appendix A.

19



The proof follows from a direct comparison of government’s payoff in the three regimes.

Bureaucratic discretion is higher under weak delegation than under strict delegation, and there

is, of course, zero bureaucratic discretion when no delegation happens.

The following observations based on the above Proposition are worth noting. First, bureau-

cratic discretion reduces with bureaucratic cost λ and also with bureaucratic drift β, as the

threshold λD (β) is decreasing in β. With either strict or no delegation, B has no discretion in

determining the pollution level. Therefore government’s payoff is independent of the bureau-

cratic drift β. At λ = λND, government is indifferent between strict and no delegation. We

observe strict delegation in equilibrium only if λND > λD (β).

Secondly, bureaucratic discretion also reduces with uncertainty. However, the nature of the

equilibrium delegation rule depends on how uncertainty reduces − whether the firm becomes

more likely to be low-cost or high-cost. In particular, if the reduction in uncertainty means the

firm is more likely to be low-cost (i.e., so that ν > ν̂), then government chooses either weak

or no delegation. This is because, in both these regimes, it implements the full-information

regulation contract for the low-cost firm. The thresholds νWD and νWD can coincide, though,

in which case we do not observe weak delegation in equilibrium for any ν. The thresholds can

also take boundary values, in which case we observe only one regime, either weak delegation

or no delegation for every ν > ν̂. In contrast, if a firm is more likely to be high-cost (so that

ν ≤ ν̂) , then government chooses strict delegation rather than no delegation if ν is lower than a

threshold value. The threshold can also take boundary values 0 or ν̂, in which case we observe

only one regime, either strict delegation or no delegation, for every ν ≤ ν̂.

Below we present a numerical example to demonstrate the equilibrium regimes.

Example 3. We continue with the same parametric specification (G = 50, K = 10, θ = 4, and

θ = 2) as used in Example 1. The feasible range of λ, satisfying Assumption 2, is [0, 0.6]. Figure

5 plots the equilibrium regimes in (β, λ) space, with ν = 0.5, 0 ≤ λ ≤ 0.6 and 0 ≤ β ≤ 1
1+λ .

Figure 6 plots the equilibrium regimes in (ν, λ) space, with β = 0.5, 0 ≤ λ ≤ 0.6 and 0 ≤ ν ≤ 1.

In this example, ν̂ = 4λ2. Therefore, government prefers strict delegation to weak delegation if

ν ≤ 4λ2. Moreover, ν∗ = 3−5λ
4−5λ in this example, so that ν∗ < ν̂ if and only if λ > 0.37. Thus,

in the comparison between no delegation and weak delegation for ν > ν̂, we have uCN
(
θ̄
)

= K

as long as λ > 0.37. Note that, at uCN
(
θ̄
)

= K, the sign of the payoff difference between no

delegation and weak delegation does not depend on ν.12 This explains why, in Figure 6, the

curve delineating weak delegation and no delegation is a horizontal line. The dot-dashed curves

in the two Figures show, from Figures 1 and 2, the parameter values at which C is indifferent

between full delegation and no delegation in the full-delegation game. The scope of delegation

increases with the possibility of partial delegation.

We are now in a position to summarize how the equilibrium regulation policy changes across

the various delegation regimes. With both weak and strict delegation, the bureaucrat imple-

12This can be seen from equation (A10) in Appendix A.
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Figure 5: Optimal partial delegation in (β, λ) space Figure 6: Optimal partial delegation in (ν, λ) space

ments type-contingent regulation contracts. With no delegation, government implements a pair

of incentive-compatible contracts that allow the high-cost firm to over-pollute and leave an in-

formation rent with the low-cost firm. The low-cost firm faces the following regulation contract:

α (θ) = (t (θ) , d (θ)) =


(tCI (θ) , dCI (θ)) , with weak delegation;

(θ (K − dCI (Eθθ)) , dCI (Eθθ)) , with strict delegation;(
tCI (θ) +4θ

(
K − dCN

(
θ
))
, dCI (θ)

)
, with no delegation.

The high-cost firm faces the following regulation contract:

α
(
θ
)

=
(
t
(
θ
)
, d
(
θ
))

=


(
tBI

(
θ
)
, dBI

(
θ
))
, with weak delegation;(

θ (K − dCI (Eθθ)) , dCI (Eθθ)
)
, with strict delegation;(

tCN
(
θ
)
, dCN

(
θ
))
, with no delegation.

Interestingly, when strict delegation is chosen by government, the classic result of regulation

theory, that the optimum contract features no distortion at the top, no longer holds: with

high bureaucratic leakage and/or drift and also a high probability of the firm being high-risk,

government prefers putting such a strict cap on the bureaucrat’s activities that contracts are

distorted for both firm types. In this way, allowing for partial delegation opens up for novel

theoretical predictions on how government tackles the challenge of regulating industry.

To see how equilibrium contracts change with parameters, consider the effect of uncertainty.

As Proposition 3 shows, ν affects which of the three regimes will occur in equilibrium. When

ν is low, in particular, when ν ≤ ν̂, government chooses between strict and no delegation. We

have strict delegation if ν ≤ min
[
ν̂, νSD

]
, when an increase in ν lowers Eθθ and therefore lowers
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the pollution level of both firm types, d (Eθθ), until ν = min
[
ν̂, νSD

]
; this is the case when

there is distortion at the top. If ν ∈
[
νSD, ν̂

]
, then we have no delegation, the pollution level of

the low-cost firm at its first-best and independent of ν, and that of the high-cost firm increasing

in ν until it reaches K. When ν increases further, so that it becomes ν > ν̂, we might still have

no delegation, with the features just described. But if ν enters the range
[
νWD, νWD

]
, then we

have weak delegation with the pollution level of the low-cost firm being at the first-best level

and that of the high-risk at the bureaucrat’s preferred level, lower than the first-best level, both

being independent of ν.

6 Discussion

Here, we extend the analysis in three directions. First, in Section 6.1, we discuss the consequences

for delegation of having partial delegation by putting constraints on transfers rather than on

pollution. Thereafter, in Section 6.2, we discuss the consequences of having a different regulation

problem, in particular, one where the bureaucrat’s bias in terms of pollution is an upward one

rather than a downward one. Finally, in Section 6.3, we discuss other bases for bureaucratic

drift than a preference for high transfers.

6.1 Restrictions on transfers

So far, we haven’t assumed any constraint on the choice of transfer. That modeling choice is

motivated by a presumption that government may be less capable of monitoring the volume of

transfer than the pollution level and is consistent with our assumption of bureaucratic leakage.

However, to understand what the effect of restrictions on transfer would be, we relax our as-

sumption of no constraints on transfer in this section. The pollution level, on the other hand,

can be chosen by the bureaucrat without any constraints.13 Specifically, assume now that the

bureaucrat chooses regulatory contracts α (θ) = (t (θ) , d (θ)) , θ ∈
{
θ, θ
}

, under the constraint

that t (θ) ∈ [t1, t2]. Her optimal contract for type θ solves, instead of the one in (12), the

following problem:

max
α

(1− β)

[(
G− 1

2
d2

)
−
(

1− λβ

1− β

)
t

1− λ

]
, (13)

subject to (IR), and t ∈ [t1, t2] .

We denote the solution with a superscript R and a subscript BI. Recall, from (10), that the

bureaucrat’s choice of transfer, in the absence of a transfer restriction, is

tBI (θ) = θ

(
K − θ

1− λ
+

λβθ

(1− λ) (1− β)

)
.

13Having constraints on transfers and pollution at the same time would not be possible to discuss in any
interesting way without allowing for more than two firm types.
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Given the concave payoff function of the bureaucrat, it can be easily shown that (13) has an

interior solution at tBI (θ) whenever the constraints are not binding. The result is described in

the following claim, the proof of which parallels that of Lemma 3 and is therefore skipped.

Claim. Assume that government delegates the decision-making authority with the restriction

that t ∈ [t1, t2]. The bureaucrat’s preferred regulation contract for type θ ∈
{
θ, θ
}

is given by

αRBI (θ, d1, d2) =
(
tRBI (θ, d1, d2) , dRBI (θ, d1, d2)

)
, where

tRBI (θ, t1, t2) =


t1, if t1 ≥ tBI (θ) ;

tBI (θ) = θ
(
K − θ

1−λ + λβθ
(1−λ)(1−β)

)
, if t1 < tBI (θ) < t2;

t2, if tBI (θ) ≥ t2.

dRBI (θ, t1, t2) = K −
tRBI (θ, d1, d2)

θ
.

Next, consider government’s preferred bounds on transfers. Because of her vested interest

in transfers, B prefers a higher level of transfer than what government does. Government

therefore sets a cap on the transfer level, and this upper bound on transfer is typically binding

for at least one type of firm. Similarly to the case of partial delegation with restrictions on

the pollution level, three regimes can arise in equilibrium − weak delegation, strict delegation,

and no delegation. However, there is a crucial difference in outcomes between the two cases of

restrictions on pollution and restrictions on transfer. The difference is driven by the fact that,

unlike dCI (θ), the transfer tCI (θ) is not monotone in θ. From (5), we have:

tCI (θ) < tCI
(
θ
)
⇔ θ+θ

1−λ < K ⇔ λ < 1− θ + θ

K
, (14)

which is likely to hold for low λ and high K. Therefore, with weak delegation, the upper bound

on transfer is set either at tCI
(
θ
)

or at tCI (θ), depending on which is higher. Consequently, the

full-information regulation contract is offered either to a high-cost firm or to a low-cost firm.

Below, we summarize our main observations.

• If λ < 1 − θ+θ
K , then, in the weak-delegation regime, government chooses the bounds

[t1, t2] =
[
tCI (θ) , tCI

(
θ
)]

. In response, the bureaucrat offers the following menu of con-

tracts to the firm:

α (θ) =

(
min

{
tBI (θ) , tCI

(
θ
)}
,K −

min
{
tBI (θ) , tCI

(
θ
)}

θ

)
,

α
(
θ
)

=
(
tCI
(
θ
)
, dCI

(
θ
))
.

Government thus implements the full-information regulation contract if the firm is high-

cost. There is, on the other hand, a distortion at the contract offered to a low-cost firm,

as K − min{tBI(θ),tCI(θ)}
θ is less than dCI (θ).
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• If λ ≥ 1 − θ+θ
K , however, then government chooses the bounds [t1, t2] =

[
tCI
(
θ
)
, tCI (θ)

]
in the weak-delegation regime. In response, the bureaucrat offers the following menu of

contracts:

α (θ) = (tCI (θ) , dCI (θ)) ,

α
(
θ
)

=

(
min

{
tBI

(
θ
)
, tCI (θ)

}
,K −

min
{
tBI

(
θ
)
, tCI (θ)

}
θ

)
.

Government thus implements the full-information regulation contract if the firm is low-

cost. There is a distortion at the contract offered to a high-cost firm, asK−min{tBI(θ),tCI(θ)}
θ

is less than dCI
(
θ
)
.

• In the strict-delegation regime, government chooses the bounds [t1, t2] = [tunif , tunif ] where

tunif =
(
νK
θ + (1−ν)K

θ
− 1

1−λ

)
/
(
ν
θ2

+ (1−ν)

θ
2

)
.14 In response, the bureaucrat offers the

following menu of contracts:

α (θ) =

(
tunif ,K −

tunif
θ

)
,

α
(
θ
)

=

(
tunif ,K −

tunif

θ

)
.

Government thus implements a uniform transfer for both types of firms.

• Note that tunif always lies inbetween tCI (θ) and tCI
(
θ
)
. In the knife-edge case of λ =

1− θ+θ
K , we have tunif = tCI (θ) = tCI

(
θ
)
. In this special case, through strict delegation,

government can implement first-best contracts for both types of firms. As its payoff

changes continuously with respect to the parameters, strict delegation is preferred to other

alternatives if λ is sufficiently close to 1 − θ+θ
K , or equivalently, if tCI (θ) is sufficiently

close to tCI
(
θ
)
. This result is in sharp contrast to our results on partial delegation with

restrictions on pollution. To see this, recall the effect of the uncertainty parameter ν on

the delegation rule with constraints on pollution: If the uncertainty reduces such that the

firm is more (less) likely to be low-cost, then government prefers weak delegation more

(less) than strict delegation. However, in the present case of delegation with restrictions

on transfers, we find that government prefers strict delegation to weak delegation for any

uncertainty level if tCI (θ) is sufficiently close to tCI
(
θ
)
.

We illustrate the above observations with a numerical example.

Example 4. We continue with the same parametric specification (G = 50, K = 10, θ = 4,

and θ = 2) as used in Example 1. The feasible range of λ, satisfying Assumption 2, is [0, 0.6].

14tunif is the consumer’s preferred uniform level of transfer under complete information. Specifically,

it solves the following optimization problem: max
t

ν
[
G− 1

2
d2 − t

1−λ

]
+ (1− ν)

[
G− 1

2
d
2 − t

1−λ

]
, subject to

t = θ (K − d) = θ
(
K − d

)
.
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Figure 7: Optimal delegation with restricted transfer

in (β, λ) space

Figure 8: Optimal delegation with restricted transfer

in (ν, λ) space

Consider the game in which C decides on delegation with restrictions on transfers, rather than

on pollution. Figure 7 plots the equilibrium regimes in (β, λ) space, with ν = 0.5, 0 ≤ λ ≤ 0.6

and 0 ≤ β ≤ 1
1+λ . In this example, (14) holds if and only if λ < 0.4. Figure 8 plots the

equilibrium regimes in (ν, λ) space, with β = 0.15, 0 ≤ λ ≤ 0.6, and 0 ≤ ν ≤ 1.15 Observe

that, when λ is close to 0.4, which is the level of λ at which tCI (θ) = tCI
(
θ
)
, government

prefers strict delegation to other alternatives. The dot-dashed curves show the parameter values

at which government is indifferent between full delegation (without any restriction on transfer)

and no delegation in the full-delegation game. Like before, allowing for delegation being partial,

in this case with restrictions on transfers, increases the scope for delegation.

6.2 The direction of transfer

In the regulation setting discussed above, the transfer goes from government to the firm to

compensate the firm for its production costs. Government can, however, interact with the

industry in more than one way. We consider an alternate framework in which the direction of

transfer is opposite to what we find in the regulation setting. We call this setting permits. The

two settings differ in how bureaucratic leakage influences the equilibrium outcome.

In the permits framework, the firm sells its product in the market. Bureaucratic leakage

does not affect the market transaction, and therefore there is no loss of public funds due to

bureaucratic cost. Production has, however, a social externality, and government regulates

production by issuing pollution-contingent permits. The permit fee is a transfer that goes from

the firm to government and is affected by bureaucratic leakage.

15Note that the value of β here differs from that used in the previous examples; this is done to get as clear a
picture as possible of this case of restrictions on transfers.

25



Figure 9: Permit contracts in (d, t)
space.

Figure 10: Permits setting: optimal
partial delegation in (β, λ) space.

Figure 11: Permits setting: optimal
partial delegation in (ν, λ) space.

To illustrate the difference between the two frameworks with an example, consider the case

of building a road. In the regulation setting discussed above, the government procures the

construction of the road from the firm and compensates it for its production cost. The firm is

regulated as its production causes pollution. In the permits setting, the firm produces on its

own and charges a toll directly on users of the road. Government regulates by charging a fee for

permitting the firm to use a polluting production technology to build the road. It follows that,

in both cases, government’s contracts consist of combinations (t, d) of transfers and pollution

levels, the difference being the direction of transfers. It can be shown that the two settings

produce the same outcome when there is no bureaucratic leakage.

We discuss here our findings on the permits case; details of the analysis are in Appendix

B. Figure 9 illustrates the construction of contracts in the permits setting; this Figure can

be compared to Figure 3 for the regulation setting discussed above.16 Government still has

preferences for little pollution, but would want transfers to be high, since the government is

now in the receiving end of the transfers. For the bureaucrat, it is, as before, important that

there is a flow of transfer through the regulatory system that she controls. The more transfers

that are involved, and the more easily such transfers can be diverted, the more can a bureaucrat

get out of her position. In the permits setting, therefore, the bureaucrat would like a higher

pollution level than what is optimal for the government, since this allows for more permits sold

and thereby higher transfers. As in Figure 3, the blue and red straight lines in Figure 9 are

the participation constraints for the low-cost and high-cost firm, respectively. The A and B

points are the contracts offered by government were it informed, whereas the E and F points

are the contracts offered by a bureaucrat; for the sake of clarity, the contract menu offered by

an uninformed government is not represented in this Figure.

The bureaucrat now being upward biased in terms of pollution has implications for govern-

ment’s optimal partial delegation rules. The government sets an upper bound on the pollution

level when it partially delegates in the permits setting. Consequently, the equilibrium regula-

16In fact, the parametric specification is the same for the two Figures: G = 50, K = 10, θ = 4, θ = 2, λ = 0.25,
β = 0.65, and ν = 0.5.
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tion contracts differ between the two settings. Specifically, under weak delegation, government

implements the full-information regulation contract only for one type of firms −while that is the

low-cost type before, it is the high-cost type in the current permits setting. The implication is

that the uncertainty principle still needs to be modified in the permits setting. But now strict

delegation is more prevalent for high values of ν, i.e., when the probability of the firm being

low-cost is high.

Another feature of the permits case that distinguishes it is that pollution now is decreasing

in the bureaucratic cost, measured by λ, while it is increasing in the regulation case. The reason

is that, in the regulation setting, an increase in λ makes it more expensive for government to

pay for a decrease in pollution, so that d increases; while in the permits setting, an increase in λ

makes it more expensive for the firm to pay for the right to pollute, so that d decreases.17 The

consequence is that, in the case of permits, strict delegation dominates no delegation when λ is

high, which is the opposite of the situation in the regulation case.

While the precise statements of our findings on the permits setting are found in Appendix B,

Figures 10 and 11 illustrate the equilibrium outcome in this case. As the Figures illustrate, no

delegation is the outcome only when β and ν are high and λ is low. Note, first, that Assumptions

1 and 2 do not apply to the permits setting. In this setting, the worry in terms of Assumption 1

would be that the bureaucrat would want to set a negative transfer, which will not happen for

any β, λ, ν ∈ (0, 1).18 And in terms of Assumption 2, an informed government would never go

for a no-regulation permit contract for any β, λ, ν ∈ (0, 1).19 Secondly, note that the parametric

specification here differs from that of Example 1, which is used elsewhere in this paper, in that

we have lowered K from 10 to 5, so that our parameters are set at G = 50, K = 5, θ = 4,

and θ = 2. In Figure 10, we put ν = 0.5 and show how delegation varies in (β, λ) space, while

in Figure 11, we put β = 0.5 and show how delegation varies in (ν, λ) space. The change in

parameters is done in order to have any prevalence of no delegation at all; as seen from part

(i) of Proposition B.2 in Appendix B, a necessary condition for No Delegation to occur is that

θ is closer to K than to θ, i.e., that θ ≥ K+θ
2 .20 The dotted curves in the two Figures show

the prevalence of delegation when only full delegation is feasible, with full delegation being

government’s choice below the curves.

In many situations, the setting, either regulation or permits, is exogenously given. In other

situations, government may influence the way it deals with industry, e.g., by being able to

choose between a regulation setting and a permits setting. Differences in the way delegation

works in the two settings affect government’s preference over them. When government regulates

industry without delegation, it is constrained by an information problem. Therefore, in that

case, government’s preference is influenced by how the information rent is shared with the

17Compare, e.g., equation (5) with equation (B5) in Appendix B.
18This can be seen from problem (B8) in Appendix B.
19This can be seen from equation (B5) in Appendix B.
20Put ν = 1 in the condition, in there, for λNDT = 0 to get this necessary condition.
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Figure 12: Regulation vs Permits in
the full-information case
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Figure 13: Regulation vs Permits in
the no-delegation case

��������	


���
���

��

��

0.0 0.2 0.4 0.6 0.8 1.0

0.0

0.2

0.4

0.6

0.8

1.0

Probability of low-cost type ν

B
u
re
a
u
c
ra
ti
c
c
o
s
t
λ

Figure 14: Regulation vs Permits
with optimal partial delegation

low-cost firm in the two settings. On the other hand, when government partially delegates to

informed bureaucrats to interact with the industry, it is constrained by the distortion that the

bureaucratic drift creates. Through an example, we can show that information asymmetry and

partial delegation may lead to a reversal of preference over the two regulatory environments.

We return to the parametric specification (G = 50, K = 10, θ = 4, and θ = 2) of Example

1. The feasible range of λ, satisfying Assumption 2, is [0, 0.6]; while this Assumption does not

apply to the permits setting, we need to invoke it for the purpose of this comparison. Figure

12 plots government’s preference over the two frameworks in (λ, ν) space in the full-information

case. In Figure 13, we compare government’s payoff in the two frameworks in the asymmetric-

information case with no delegation (i.e., when an uninformed government decides the regulation

policy). The dashed curve presents the parameter values at which government is indifferent

between regulation and permits in the full-information case. Observe, by comparing the two

Figures, that lack of information can lead to preference reversal. Government’s preference is

reversed at points x1 and x2, depending on whether or not government has information about

the firm’s production technology. We next put β = 0.4 and compare government’s value in the

two frameworks in the case when it is uninformed but has an option to partially delegate to an

informed bureaucrat. Figure 14 shows government’s preference over the two frameworks in the

asymmetric-information case with optimal partial delegation. The dot-dashed curve represents

the parameter values of (λ, ν) at which government is indifferent when it regulates the firm

with no delegation. The Figure also shows that the possibility of partial delegation can lead

to preference reversal in the asymmetric-information case − government’s preference will be

reversed at points y1 and y2, depending on whether or not it is allowed to delegate.

6.3 Bureaucratic motivation

The analysis of the partial-delegation problem is related to the direction of policy bias rather

than to a specific form of the bureaucrat’s objective function. In the basic model (referred to as

BM hereafter in this subsection), the bureaucrat has a private interest in transfers, which results

in a downward policy bias. Below we consider an alternative form of bureaucratic objective − a
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case of an environment-friendly bureaucrat. We show that it leads to a similar downward policy

bias and generates qualitatively similar result in terms of partial delegation rule.

We model an environment-friendly bureaucrat’s objective function as a weighted average of

the pollution cost and government’s payoff.

UB (θ, t, d) = δ

(
−1

2
d2

)
+ (1− δ)UC (t, d)

=δ

(
−1

2
d2

)
+ (1− δ)

[(
G− 1

2
d2

)
− t

1− λ

]
= (1− δ)

[(
G− d2

2 (1− δ)

)
− t

1− λ

]
, (15)

where δ ∈ (0, 1) is the extent of the bureaucrat’s aversion to pollution and is comparable to the

parameter β considered in BM. The bureaucrat has the same cost of pollution as government

at δ = 0 and its cost increases with δ. Since the bureaucrat’s payoff is decreasing in t, the firm’s

participation constraint will be binding. We can, therefore, replace t by θ(K − d) and solve for

the bureaucrat’s choice of contract for type θ, which is given by

dBI(θ) = (1− δ) θ

1− λ
,

tBI(θ) = θ(K − dBI(θ)).

The bureaucratic aversion to pollution results in a downward policy bias. Compared to BM, the

policy bias will be higher if and only if δ is higher than λβ
1−λ . The analysis of BM can, however,

give us clear insight into the partial delegation problem in this case. The pollution-aversion

parameter δ affects government’s value only in case of weak delegation. Therefore, compared to

BM, weak delegation will be more (less) prevalent for δ higher (lower) than λβ
1−λ , whereas the

tradeoff between strict delegation and no delegation will remain unchanged.

7 Concluding remarks

In this paper, we develop a simple model to study a government’s incentives to delegate to a

bureaucrat the regulation of an industry. While the bureaucrat has more industry-specific knowl-

edge, her interest may not align completely with that of government. Delegation thus creates

an agency problem. Our analysis shows how partial delegation, i.e., delegation followed by laws

and rules to restrict bureaucratic discretion, improves government’s benefit from delegation.

The key result of the paper is the characterization of the optimal partial-delegation rule.

We also describe how various factors, including bureaucratic drift, bureaucratic cost, and gov-

ernment’s lack of information, affect the delegation rule and, subsequently, the equilibrium

regulation policy. We show that, while bureaucratic discretion typically reduces with bureau-

cratic cost and bureaucratic drift, the equilibrium regulation policy changes in a non-trivial way.
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This is because there are substantive differences in the type of regulation policy implemented in

various delegation regimes. In a related sense, uncertainty plays a critical role in determining the

optimal rule of delegation. Bureaucratic discretion is low in situations with little uncertainty.

However, the form of delegation rule depends on the exact nature of uncertainty and how the

government interacts with the industry. For example, when government regulates pollution, it

prefers no delegation over strict delegation only if the firm is more likely to be low-cost; while

this feature of the delegation policy is more or less reversed when government sells pollution

permits.

While our analyses provide some normative suggestions for the design of delegation rules,

many interesting questions remain unanswered. First, the firm plays no strategic role in our

model. In many contexts, it is more realistic to assume that the producer may influence the reg-

ulation policy by colluding with the bureaucrat. Allowing a richer action space to the producer

can provide new insights for designing effective delegation policies. Secondly, the delegation

framework assumes no contractual relationship between the principal and the delegates. While

the assumption properly reflects the relationship between a politician and a bureaucrat, there

are other situations where the assumption may not be appropriate. Thirdly, we do not address

the bureaucrat’s incentive for acquiring information. Again, this assumption seems appropriate

in situations in which bureaucrats can possibly be hired based on their industry-specific knowl-

edge. In other situations, we might expect that the delegation rule could have a direct effect on

her incentive to acquire information. For example, low bureaucratic discretion can demotivate

a bureaucrat from a detailed investigation of the firm. In such a situation, a planner must take

the issue of information acquisition into consideration for designing the optimal delegation rule.

Finally, our search for the optimal delegation rule has been limited in that we have imposed on

the partial delegation that it be an interval and on top of that have allowed partial delegation

in only one dimension, pollution level or transfer. A richer discussion of whether the optimal

delegation rule is an interval or, rather, a closed set in our setting of two-dimensional regulation

contracts, would require a continuous type space for firms’ private information on technology.

We leave all these questions for future research.

Appendix A

The Appendix contains the proofs omitted in the text.

Proof of Lemma 1

Proof. Government’s expected payoff is weakly decreasing in transfers, and the firm’s payoff

is increasing in transfers. Government would therefore prefer to reduce transfer as much as

possible, subject to the firm’s participation constraint. It can be shown that (IRH) and (ICL)

will be binding at the optimum. The low-cost firm can always pretend to be the high-cost firm
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and gets a payoff of t−θ
(
K − d

)
. In order to make it choose (t, d), government therefore shares

an information rent of IR
(
d
)

:= 4θ
(
K − d

)
. Thus, t = θ

(
K − d

)
, and t = θ (K − d)+IR

(
d
)
.

Replacing t and t in (6) and using the fact that (IRH) and (ICL) together imply (IRL), we can

rewrite the optimization problem as:

max
α,α

ν

[
V (θ, d)− λ

1− λ
θ (K − d)

]
(A1)

+ (1− ν)

[
V
(
θ, d
)
− λ

1− λ
θ
(
K − d

)]
− ν

1− λ
IR
(
d
)
,

subject to (ICH) .

From the first-order conditions of the unconstrained problem, we see that the pollution levels

are given by dCN (θ) = θ
1−λ and dCN

(
θ
)

= min
{(

1
1−λ

)(
θ + ν

1−ν∆θ
)
,K
}

.21 The transfers

given in the Lemma then follow.

Proof of Proposition 1

Proof. Define f (θ, d) := UC (θ (K − d) , d). Then,

f (θ, d) = G− θK

1− λ
+

(
θd

1− λ
− 1

2
d2

)
. (A2)

Observe that

f (θ, d1)− f (θ, d2) = (d1 − d2)

(
θ

1− λ
− d1 + d2

2

)
. (A3)

Government’s expected payoff in the no-delegation regime is given by

EθUC (αCN (θ))

= ν

[
G− 1

2
dCN (θ)2 − tCN (θ)

1− λ

]
+ (1− ν)

[
G− 1

2
dCN

(
θ
)2 − tCN

(
θ
)

1− λ

]

= νf (θ, dCN (θ)) + (1− ν) f
(
θ, dCN

(
θ
))
−
ν4θ

(
K − dCN

(
θ
))

1− λ
,

where the second equality follows from using (A2) and replacing d and t with expressions derived

in (7). Similarly, government’s expected payoff in the full-delegation regime is given by

EθUC (αBI (θ))

= ν

[
G− 1

2
dBI (θ)2 − tBI (θ)

1− λ

]
+ (1− ν)

[
G− 1

2
dBI

(
θ
)2 − tBI

(
θ
)

1− λ

]
= νf (θ, dBI (θ)) + (1− ν) f

(
θ, dBI

(
θ
))
,

21Note that dCN
(
θ
)
≥ dCN (θ), which ensures that ICH is satisfied at the unconstrained solution.
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where the second equality follows from again using (A2) and replacing d and t with expressions

derived in (10). We can thus compute the payoff difference between the two regimes, ∆D defined

in (11), as

4D = ν [f (θ, dCN (θ))− f (θ, dBI (θ))]

+ (1− ν)
[
f
(
θ, dCN

(
θ
))
− f

(
θ, dBI

(
θ
))]
−
ν4θ

(
K − dCN

(
θ
))

1− λ
. (A4)

We first use (A3) to expand the first term in (A4), inserting for dCN (θ) and dBI (θ) from (7)

and (10), respectively, to get

ν [f (θ, dCN (θ))− f (θ, dBI (θ))]

= ν (dCN (θ)− dBI (θ))

(
θ

1− λ
− dCN (θ) + dBI (θ)

2

)
=

ν (dCN (θ)− dBI (θ))2

2

=
νλ2β2θ2

2 (1− λ)2 (1− β)2 .

Next, we similarly use (A3) to expand the second term in (A4), inserting for dCN
(
θ
)

and dBI
(
θ
)

from (7) and (10), respectively, to get

(1− ν)
[
f
(
θ, dCN

(
θ
))
− f

(
θ, dBI

(
θ
))]

= (1− ν)

[(
dCN

(
θ
)
− dBI

(
θ
))( θ

1− λ
−
dCN

(
θ
)

+ dBI
(
θ
)

2

)]

=
1− ν

2

[(
dCN

(
θ
)
− θ

1− λ
+

λβθ

(1− λ) (1− β)

)(
θ

1− λ
− dCN

(
θ
)

+
λβθ

(1− λ) (1− β)

)]
=

1− ν
2

[(
λβθ

(1− λ) (1− β)

)2

−
(
dCN

(
θ
)
− θ

1− λ

)2
]

=


1−ν

2(1−λ)2

[
λ2β2θ

2

(1−β)2
− ν2(4θ)2

(1−ν)2

]
, if dCN

(
θ
)
< K;

1−ν
2(1−λ)2

[
λ2β2θ

2

(1−β)2
−
(
(1− λ)K − θ

)2]
, if dCN

(
θ
)

= K.

Finally, we use the expression for dCN
(
θ
)

in (7) to write the third term in (A4) as

ν4θ
(
K − dCN

(
θ
))

1− λ
=


ν4θ

(1−λ)2

(
(1− λ)K − θ − ν4θ

(1−ν)

)
, if dCN

(
θ
)
< K;

0, if dCN
(
θ
)

= K.
.
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Combining these expressions, we can write ∆D in (A4) as

4D =



νλ2β2θ2

2(1−λ)2(1−β)2
+ (1−ν)λ2β2θ

2

2(1−λ)2(1−β)2

+ (1−ν)

2(1−λ)2

(
ν4θ
1−ν

)2
− ν4θ

(1−λ)2

(
(1− λ)K − θ

)
, if dCN

(
θ
)
< K;

νλ2β2θ2

2(1−λ)2(1−β)2
+ (1−ν)λ2β2θ

2

2(1−λ)2(1−β)2

− (1−ν)

2(1−λ)2

(
(1− λ)K − θ

)2
, if dCN

(
θ
)

= K.

. (A5)

Note that d(∆D)
dβ > 0. When β = 0, 4D can take a positive value (for example, for low values

of ν) or a negative value (for example, for high values of ν) depending on other parameter values.

When β = 1, 4D > 0 always. However, Assumption 1 sets an implicit upper bound on β. At

this upper bound, 4D can be positive or negative depending on other parameter values. Since
d(∆D)
dβ > 0, we can determine a threshold β such that 4D > 0, and no delegation is preferred

to full delegation, if and only if β > β. Note that this threshold can be zero or one, such that

one regime is preferred for all values of β, depending on other parameter values.

Recall the definition of ν∗, in equation (8), and that dν∗

dλ < 0. We can equivalently define

λ∗ := 1− θ+(ν4θ/(1−ν))
K as that λ which, for a given ν, makes ν∗ = ν, so that we have dCN

(
θ
)
< K

if λ < λ∗, and dCN
(
θ
)

= K if λ∗ ≤ λ ≤ 1− θ
K , where the upper bound comes from Assumption

2. ∆D is not necessarily monotone in λ. However, the sign of 4D is determined by the sign of

an expression that is increasing in λ. For fixed values of β and ν, we can, from (A5), write

4D =
G (λ)

(1− λ)2 ,

where

G (λ) =



λ2

{
νβ2θ2

2(1−β)2
+ (1−ν)β2θ

2

2(1−β)2

}
+ 1−ν

2

(
ν4θ
1−ν

)2

−ν4θ
(
(1− λ)K − θ

)
, if λ < λ∗;

λ2

{
νβ2θ2

2(1−β)2
+ (1−ν)β2θ

2

2(1−β)2

}
−1−ν

2

(
(1− λ)K − θ

)2
, if λ ≥ λ∗.

.

Observe that G′ (λ) > 0, with G (0) < 0. If λ is large, then dCN
(
θ
)

= K, and G (λ) can

be positive or negative depending on other parameter values. Furthermore, as (1− λ)2 > 0, we

have that 4D ≥ 0 if and only if G (λ) ≥ 0. We can therefore determine a threshold λ such that

4D > 0, and no delegation is preferred to full delegation, if and only if λ > λ. Note that the

threshold can be as high as the implicit upper bound of λ, given by min
{

1−β
β , 1− θ

K

}
according
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to Assumptions 1 and 2, such that full delegation is preferred for all values of λ.

Next, consider the effect of ν. For ν < ν∗, where ν∗ is defined in (8), we have dCN
(
θ
)
< K,

and we can write 4D = µ1 + µ2ν + µ3
ν2

1−ν , where µ1, µ2, and µ3 are constants, and µ3 =
(4θ)2

2(1−λ)2
> 0. As ν2

1−ν is convex in ν, 4D is also convex in ν for ν < ν∗. For ν ≥ ν∗, we have

dCN
(
θ
)

= K, and 4D is linear in ν. Note, moreover, that 4D > 0 when ν ∈ {0, 1}. For

ν ∈ (0, 1), 4D can be negative depending on other parameter values. In combination, these

observations imply that 4D is convex for ν < ν∗ , is linear for ν ≥ ν∗, is continuous in ν, and

takes positive values at ν = 0 and ν = 1. These features can be satisfied simultaneously only if

4D either is always positive or has two zeros, at νFD and νFD with 0 < νFD ≤ νFD < 1, such

that 4D < 0 if and only if νFD < ν < νFD. The interval
[
νFD, νFD

]
can, however, be a null

set, so that no delegation is the preferred choice for all values of ν.

Proof of Lemma 5

Proof. In this proof, we make use of Lemma 3 repeatedly while determining the bureaucrat’s

optimal response for a given d1. Consider first dBI
(
θ
)
≤ dCI (θ). For d1 < dBI (θ), the

bureaucrat sets dPBI (θ, d1, d2) = dBI (θ) and dPBI
(
θ, d1, d2

)
= dBI

(
θ
)

and government’s payoff

is independent of d1. For dBI (θ) ≤ d1 ≤ dBI
(
θ
)
, the bureaucrat sets dPBI (θ, d1, d2) = d1 and

dPBI
(
θ, d1, d2

)
= dBI

(
θ
)
, and government’s payoff is increasing in d1, since dBI (θ) ≤ dCI (θ).

For dBI
(
θ
)
≤ d1 ≤ d2, the bureaucrat sets dPBI (θ, d1, d2) = dPBI

(
θ, d1, d2

)
= d1, resulting in a

uniform pollution level for both types of firms. In such a case, government’s payoff increases

with d1 for d1 ≤ Eθθ
1−λ and decreases thereafter. Note that Eθθ

1−λ = dCI (Eθθ) < K, by Assumption

2.

Consider next dBI
(
θ
)
> dCI (θ). For d1 < dBI (θ), the bureaucrat sets dPBI (θ, d1, d2) =

dBI (θ) and dPBI
(
θ, d1, d2

)
= dBI

(
θ
)

and government’s payoff is independent of d1. For dBI (θ) ≤
d1 ≤ dBI

(
θ
)
, the bureaucrat sets dPBI (θ, d1, d2) = d1 and dPBI

(
θ, d1, d2

)
= dBI

(
θ
)

and govern-

ment’s payoff increases with d1 for d1 ≤ dCI (θ) and decreases thereafter. For dBI
(
θ
)
≤ d1 ≤ d2,

the bureaucrat sets dPBI (θ, d1, d2) = dPBI
(
θ, d1, d2

)
= d1, resulting in a uniform pollution level

for both types of firms. In such a case, government’s payoff increases with d1 for d1 ≤ Eθθ
1−λ and

decreases thereafter.

Proof of Proposition 3

Proof. Recalling the expression for f (θ, d) in (A2) and using (7), we can write government’s

expected payoff in the no-delegation regime as

EθU
ND
C = ν

[
G− 1

2
dCN (θ)2 − tCN (θ)

1− λ

]
+ (1− ν)

[
G− 1

2
dCN

(
θ
)2 − tCN

(
θ
)

1− λ

]

= νf (θ, dCN (θ)) + (1− ν) f
(
θ, dCN

(
θ
))
−
ν4θ

(
K − dCN

(
θ
))

1− λ
. (A6)
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Similarly, using (5) and (10), we write government’s expected payoff in the weak-delegation

regime as

EθU
WD
C = ν

[
G− 1

2
dCI (θ)2 − tCI (θ)

1− λ

]
+ (1− ν)

[
G− 1

2
dBI

(
θ
)2 − tBI

(
θ
)

1− λ

]
= νf (θ, dCI (θ)) + (1− ν) f

(
θ, dBI

(
θ
))
, (A7)

and government’s expected payoff in the strict-delegation regime as

EθU
SD
C = ν

[
G− 1

2
dCI (Eθθ)

2 − θ (K − dCI (Eθθ))

1− λ

]
+ (1− ν)

[
G− 1

2
dCI (Eθθ)

2 − θ (K − dCI (Eθθ))

1− λ

]
= νf (θ, dCI (Eθθ)) + (1− ν) f

(
θ, dCI (Eθθ)

)
. (A8)

We first compare the payoffs between the two regimes of weak delegation and strict delegation.

We denote the payoff difference by 4DSD−WD.

4DSD−WD = ν [f (θ, dCI (Eθθ))− f (θ, dCI (θ))] + (1− ν)
[
f
(
θ, dCI (Eθθ)

)
− f

(
θ, dBI

(
θ
))]

.

Using (A3), (A7), and (A8), as well as expressions in (5) and (10), we have

f (θ, dCI (Eθθ))− f (θ, dCI (θ)) = (dCI (Eθθ)− dCI (θ))

(
θ

1− λ
− dCI (Eθθ) + dCI (θ)

2

)
= −(1− ν)2 (4θ)2

2 (1− λ)2 ,

f
(
θ, dCI (Eθθ)

)
− f

(
θ, dBI

(
θ
))

=
(
dCI (Eθθ)− dBI

(
θ
))( θ

1− λ
−
dCI (Eθθ) + dBI

(
θ
)

2

)

=
1

2 (1− λ)2

[
λ2β2θ

2

(1− β)2 − ν
2 (4θ)2

]
,

and

4DSD−WD = −ν (1− ν)2 (4θ)2

2 (1− λ)2 +
(1− ν)

2 (1− λ)2

[
λ2β2θ

2

(1− β)2 − ν
2 (4θ)2

]

=
(1− ν)

2 (1− λ)2

[
λ2β2θ

2

(1− β)2 − ν (4θ)2

]
. (A9)

Next, we compare the payoffs between the two regimes of no delegation and weak delegation.

We denote this payoff difference by 4DND−WD. Making use of (A3), (A6), and (A7), as well
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as expressions in (7) and (10), we have

4DND−WD

= ν [f (θ, dCN (θ))− f (θ, dCI (θ))]

+ (1− ν)
[
f
(
θ, dCN

(
θ
))
− f

(
θ, dBI

(
θ
))]
−
ν4θ

(
K − dCN

(
θ
))

1− λ

= (1− ν)

[(
dCN

(
θ
)
− dBI

(
θ
))( θ

1− λ
−
dCN

(
θ
)

+ dBI
(
θ
)

2

)]
−
ν4θ

(
K − dCN

(
θ
))

1− λ

=
1− ν

2

[(
λβθ

(1− λ) (1− β)

)2

−
(
dCN

(
θ
)
− θ

1− λ

)2
]
−
ν4θ

(
K − dCN

(
θ
))

1− λ

=



(1−ν)

2(1−λ)2

[
λ2β2θ

2

(1−β)2
+ ν2(4θ)2

(1−ν)2
− 2ν4θ

(1−ν)

(
(1− λ)K − θ

)]
if dCN

(
θ
)
< K

(1−ν)

2(1−λ)2

[
λ2β2θ

2

(1−β)2
−
(
(1− λ)K − θ

)2]
if dCN

(
θ
)

= K

. (A10)

Finally, the difference in payoffs between the two regimes of no delegation and strict delegation

is denoted by 4DND−SD. Using (5), (7), (A3), (A6), and (A8), we have

4DND−SD

= ν [f (θ, dCN (θ))− f (θ, dCI (Eθθ))]

+ (1− ν)
[
f
(
θ, dCN

(
θ
))
− f

(
θ, dCI (Eθθ)

)]
−
ν4θ

(
K − dCN

(
θ
))

1− λ

= ν

[
(dCN (θ)− dCI (Eθθ))

(
θ

1− λ
− dCN (θ) + dCI (Eθθ)

2

)]
+ (1− ν)

[(
dCN

(
θ
)
− dCI (Eθθ)

)( θ

1− λ
−
dCN

(
θ
)

+ dCI (Eθθ)

2

)]
−
ν4θ

(
K − dCN

(
θ
))

1− λ

=
ν (1− ν)2 (4θ)2

2 (1− λ)2 −
ν4θ

(
K − dCN

(
θ
))

1− λ

+
(1− ν)

2 (1− λ)2

[(
(1− λ) dCN

(
θ
)
− θ + ν4θ

) (
θ + ν4θ − (1− λ) dCN

(
θ
))]

=
ν (1− ν)2 (4θ)2

2 (1− λ)2 −
ν4θ

(
K − dCN

(
θ
))

1− λ
+

(1− ν)

2 (1− λ)2

[
(ν4θ)2 −

(
(1− λ) dCN

(
θ
)
− θ
)2]

=

[
ν (1− ν)2 (4θ)2

2 (1− λ)2 +
(1− ν) ν2 (4θ)2

2 (1− λ)2

]

− (1− ν)

2 (1− λ)2

[
2 (1− λ) ν4θ

(1− ν)

(
K − dCN

(
θ
))

+
(
(1− λ) dCN

(
θ
)
− θ
)2]
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=
ν (1− ν) (4θ)2

2 (1− λ)2 − (1− ν)

2 (1− λ)2

[
2 (1− λ) ν4θ

(1− ν)

(
K − dCN

(
θ
))

+
(
(1− λ) dCN

(
θ
)
− θ
)2]

.

Suppose first dCN
(
θ
)
< K. Then,

4DND−SD

=
ν (1− ν) (4θ)2

2 (1− λ)2 − (1− ν)

2 (1− λ)2

[
2 (1− λ) ν4θ

(1− ν)

(
K − dCN

(
θ
))

+
(
(1− λ) dCN

(
θ
)
− θ
)2]

=
ν (1− ν) (4θ)2

2 (1− λ)2 − (1− ν)

2 (1− λ)2

[(
2ν4θ
1− ν

)(
(1− λ)K − θ − ν4θ

1− ν

)
+

(
ν4θ
1− ν

)2
]

=
ν (1− ν) (4θ)2

2 (1− λ)2 +
ν2 (4θ)2

2 (1− λ)2 (1− ν)
− ν4θ

(1− λ)2

(
(1− λ)K − θ

)
=
ν
(
1− ν + ν2

)
(4θ)2

2 (1− λ)2 (1− ν)
− ν4θ

(1− λ)2

(
(1− λ)K − θ

)
.

Suppose next dCN
(
θ
)

= K. Then,

4DND−SD

=
ν (1− ν) (4θ)2

2 (1− λ)2 − (1− ν)

2 (1− λ)2

[
2 (1− λ) ν4θ

(1− ν)

(
K − dCN

(
θ
))

+
(
(1− λ) dCN

(
θ
)
− θ
)2]

=
(1− ν)

2 (1− λ)2

[
ν (4θ)2 −

(
(1− λ)K − θ

)2]
.

Together, this means

4DND−SD =


ν(1−ν+ν2)(4θ)2

2(1−λ)2(1−ν)
− ν4θ

(1−λ)2

(
(1− λ)K − θ

)
if dCN

(
θ
)
< K

(1−ν)

2(1−λ)2

[
ν (4θ)2 −

(
(1− λ)K − θ

)2]
if dCN

(
θ
)

= K

. (A11)

Consider the effects of λ and β. For a fixed ν, we can write 4DND−SD as A(λ)

(1−λ)2
where

A (λ) is a continuous and A′ (λ) > 0 . Thus, we can determine a threshold value λND such that

4DND−SD > 0 if and only if λ > λND. Note that λND does not vary with β, as 4DND−SD

is independent of β. Similarly, we can write 4DND−WD as B(λ,β)

(1−λ)2
, and 4DSD−WD as C(λ,β)

(1−λ)2
,

where B (λ, β) and C (λ, β) are continuous functions that are increasing in λ and β. We can

therefore determine threshold values λ1 (β) and λ2 (β) such that 4DND−WD > 0 is positive if

and only if λ > λ1 (β) and 4DSD−WD > 0 if and only if λ > λ2 (β). Furthermore, λ1 (β) and

λ2 (β) are decreasing in β, since B (λ, β) and C (λ, β) increase with β.

Define λD (β) := min
{
λ1 (β) , λ2 (β)

}
. If λ < λD (β), then government receives the highest
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value in the weak-delegation regime and chooses weak delegation in equilibrium. In contrast,

if λ ≥ λD (β), then government prefers either no delegation or strict delegation, depending on

whether λ is above or below λND.

To find the effect of ν, fix λ and β. From (A9), note that 4DSD−WD > 0 if and only

ν <
(

λβθ
(1−β)4θ

)2
. Thus, between the two partial-delegation rules, government prefers strict

delegation to weak delegation if and only if ν < ν̂, where ν̂ is defined in the Proposition.

Consequently, for ν ≤ ν̂, strict delegation or no delegation can occur in equilibrium, while for

ν ≥ ν̂, only weak delegation or no delegation can occur in equilibrium. We will consider these

two cases separately. To find out the equilibrium outcome in these two cases, we need to study

the effect of ν on 4DND−SD and 4DND−WD. Recall the definition of ν∗, in (8), and that

dCN
(
θ
)
< K if and only if ν < ν∗. Note that 4DND−SD and 4DND−WD are continuous in ν

but not necessarily differentiable at dCN
(
θ
)

= K, or, equivalently, at ν = ν∗, and that ν∗ can

lie below or above ν̂, depending on other parameter values.

First, consider ν ≤ ν̂. If now 4DND−SD > 0, then no delegation occurs in equilibrium;

otherwise, strict delegation occurs in equilibrium. We first study the expression of 4DND−SD

in (A11) for all ν in [0, 1]. Then, we will consider the constraint that ν ≤ ν̂.

The following two observations are useful in studying the effect of ν on 4DND−SD. First,

4DND−SD = 0 at both ν = 0 and ν = 1. Secondly, ∂2

∂ν2

(
4DND−SD) =

ν(3−3ν+ν2)(4θ)2

(1−ν)3(1−λ)2
> 0

for ν < ν∗, and ∂2

∂ν2

(
4DND−SD) = − (4θ)2

(1−λ)2
< 0 for ν > ν∗. Therefore, 4DND−SD is convex

in ν for ν < ν∗, and concave in ν for ν > ν∗. If 4DND−SD ≤ 0 at ν = ν∗, then the above

two observations together imply that, either 4DND−SD ≤ 0 for every 0 < ν < 1, or 4DND−SD

has exactly one zero at some νk ∈ (ν∗, 1), such that 4DND−SD < 0 for every 0 < ν < νk, and

4DND−SD > 0 for every νk < ν < 1. In contrast, if 4DND−SD > 0 at ν = ν∗, then the two

observations together imply that, either 4DND−SD > 0 for every 0 < ν < 1, or 4DND−SD

has exactly one zero at some ν` ∈ (0, ν∗), such that 4DND−SD < 0 for every 0 < ν < ν`, and

4DND−SD > 0 for every ν` < ν < 1. While 4DND−SD can take either sign at ν = ν∗, we

see that the following three possibilities are the only ones that can arise: (a) 4DND−SD > 0

for ν ∈ (0, 1); (b) 4DND−SD < 0 for ν ∈ (0, 1); and (c) 4DND−SD < 0 for ν ∈ (0, νm) and

4DND−SD > 0 for ν ∈ (νm, 1), where 0 < νm < 1, and νm ∈
{
νk, ν`

}
. Now we adjust to the

constraint ν ≤ ν̂, and define the threshold νSD as 0 in scenario (a), as ν̂ in scenario (b), and

as min {ν̂, νm} in scenario (c). Therefore, νSD ∈ [0, ν̂]. Furthermore, strict delegation occurs in

equilibrium if 0 < ν ≤ νSD; and no delegation occurs in equilibrium if νSD ≤ ν ≤ ν̂.

Next, consider ν ≥ ν̂. If now 4DND−WD > 0, then no delegation occurs in equilibrium;

otherwise, weak delegation occurs in equilibrium. As before, we will first study the expression

of 4DND−WD in (A10) for all ν in [0, 1] and then adjust for the constraint that ν ≥ ν̂.

The following two observations are useful in this case. First, 4DND−WD > 0 at ν = 0,

and 4DND−WD = 0 at ν = 1. Secondly, ∂2

∂ν2

(
4DND−WD

)
= (4θ)2

(1−ν)3(1−λ)2
> 0 for ν < ν∗,

and ∂2

∂ν2

(
4DND−WD

)
= 0 for ν > ν∗. Therefore, 4DND−WD is convex in ν for ν < ν∗ and
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linear in ν for ν ≥ ν∗. If 4DND−WD < 0 at ν = ν∗, then the above two observations together

imply that 4DND−WD has exactly one zero at some νr ∈ (0, ν∗), such that 4DND−WD > 0 for

every 0 < ν < νr, and 4DND−WD < 0 for every νr < ν < 1. In contrast, if 4DND−WD ≥ 0

at ν = ν∗, then the two observations together imply that, either 4DND−WD ≥ 0 for every

0 < ν < 1, or 4DND−WD can have exactly two zeros at νs and νs, with 0 < νs ≤ νs < ν∗,

such that 4DND−WD < 0 if and only if νs < ν < νs. While 4DND−WD can take either sign

at ν = ν∗, the following three possibilities are the only ones that can arise: (a) 4DND−WD > 0

for ν ∈
(
0, νt

)
and 4DND−WD < 0 for ν ∈

(
νt, 1

)
, where 0 < νt < 1, and νt ∈ {νr, νs};

(b) 4DND−WD ≥ 0 for all ν ∈ (0, 1); and (c) 4DND−WD > 0 for ν ∈
(
0, νt

)
∪ (νs, 1) and

4DND−WD < 0 for all ν ∈
(
νt, νs

)
and 0 < νt ≤ νs < 1. Adjusting for the constraint

ν ≥ ν̂, we define the thresholds νWD and νWD as max
{
νt, ν̂

}
and 1, respectively, in scenario

(a); as 1 and 1, respectively, in scenario (b); and as max
{
νt, ν̂

}
and max {νs, ν̂}, respectively,

in scenario (c). Clearly, ν̂ ≤ νWD ≤ νWD ≤ 1. Furthermore, weak delegation occurs in

equilibrium if νWD ≤ ν ≤ νWD, while no delegation occurs in equilibrium if ν̂ ≤ ν ≤ νWD, or

if νWD ≤ ν < 1.

Appendix B

In this Appendix, we describe and analyze an alternate framework, which we call Permits.

Unlike in the regulation framework, here the firm produces the good privately and sells it

in the market. Government regulates production by issuing pollution-contingent permits to

compensate for consumer’s disutility from pollution. The firm makes a transfer to government

to purchase these permits, and the transfer is affected by bureaucratic leakage. A contract α ∈ A
now determines a transfer t from the firm to government and a pollution level d. Letting p (θ)

denote the market price set by the firm of type θ, we will simply put p (θ) = G, so that all the

gross value of the firm’s production accrues to the firm. For a given permit contract α = (t, d),

the firm’s profit thus is

UTP (θ, α) = G− θ (K − d)− t; (B1)

note that we use the superscript T to distinguish this case from the one in the main text.

We consider pairs of contracts (α, α) =
(
(t, d) ,

(
t, d
))
∈ A2 satisfying incentive-compatibility

constraints

−θ
(
K − d

)
− t ≥ −θ (K − d)− t, (ICH-T)

−θ (K − d)− t ≥ −θ
(
K − d

)
− t. (ICL-T)

Like in the main text, a contract (t, d) satisfies the individual-rationality constraint if

G− θ (K − d)− t ≥ 0, (IR-T)
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and a pair of contracts
(
(t, d) ,

(
t, d
))

satisfy individual-rationality constraints if

G− θ
(
K − d

)
− t ≥ 0, (IRH-T)

G− θ (K − d)− t ≥ 0. (IRL-T)

Permit fees have a bureaucratic cost. For each unit of fee transferred, government receives a

fraction 1−λ of it, and the remaining fraction λ is consumed by the bureaucracy. Government’s

payoff is therefore

UTC (α) = G+ (1− λ) t− 1

2
d2 − p = (1− λ) t− 1

2
d2. (B2)

An informed bureaucrat can implement a type-contingent transfer policy. The bureaucrat has

a vested interest in the transfer, and her payoff is

UTB (θ, α) = βλt+ (1− β)UTC (α) = (1− β)

[(
1 + λ

2β − 1

1− β

)
t− 1

2
d2

]
. (B3)

Comparison between full delegation and no delegation

The contract that government would have chosen for type θ if it had perfect information solves

the following problem:

max
α

G+ (1− λ) t− 1

2
d2 −G, subject to (IR-T). (B4)

The fact that (IR-T) is binding, together with the first-order condition of (B4), give us the

optimal contract αTCI (θ) =
(
tTCI (θ) , dTCI (θ)

)
, where

dTCI (θ) = (1− λ) θ, tTCI (θ) = G− θ
(
K − dTCI (θ)

)
. (B5)

When an uninformed government offers an incentive-compatible pair of contracts (α, α) to the

firm, the optimal contract pair solves:

max
α,α

ν

[
(1− λ) t− 1

2
d2

]
+ (1− ν)

[
(1− λ) t− 1

2
d

2
]
, (B6)

subject to (IRH-T), (IRL-T), (ICH-T), and (ICL-T).

As (ICL-T) and (IRH-T) are binding, the first-order condition of (B6), give us the optimal

contract pair
(
αTCN (θ) , αTCN

(
θ
))

=
((
tTCN (θ) , dTCN (θ)

)
,
(
tTCN

(
θ
)
, dTCN

(
θ
)))

, where
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dTCN (θ) = (1− λ) θ,

dTCN
(
θ
)

= min

{
(1− λ)

(
θ +

ν

1− ν
4θ
)
,K

}
, (B7)

tTCN (θ) = G− θ
(
K − dTCN (θ)

)
−4θ

(
K − dTCN

(
θ
))
,

tTCN
(
θ
)

= G− θ
(
K − dTCN

(
θ
))
.

When an informed bureaucrat, if delegated, offers a type-contingent pair of contracts to the

firm, the optimal contract for type θ solves:

max
(t,d)

(1− β)

[(
1 + λ

2β − 1

1− β

)
t− 1

2
d2

]
, (B8)

subject to (IR-T).

The fact that (IR-T) is binding, together with the first-order condition of (B8), give us the

optimal contract αTBI (θ) =
(
tTBI (θ) , dTBI (θ)

)
, where

dTBI (θ) = min

{(
1 + λ

2β − 1

1− β

)
θ,K

}
,

tTBI (θ) = G− θ
(
K − dTBI (θ)

)
. (B9)

Unlike the regulation framework, the bureaucrat’s preferred pollution level is now always above

that of government as the transfer flows from the firm to government in the permits framework.

In order to increase the transfer, the bureaucrat allows the firm to over-pollute.22

We compare government’s payoff in the two cases to derive the condition under which gov-

ernment prefers no delegation to full delegation:

4DT :=EθU
T
C

(
αTCN (θ)

)
− EθUTC

(
αTBI (θ)

)
≥ 0. (B10)

The effects of β and υ are qualitatively similar to their effects on 4D, derived for the regulation

framework in the main text; see Proposition 1, parts (i) and (iii). We describe them in the

following proposition. The effect of λ is, however, different in this permits setting. In particular,

it is not the case here that full delegation being optimum for some λ′ ∈ (0, 1) implies that it

will also be optimum for all λ < λ′. In fact, cases exist where, in the permits framework, no

delegation is preferred to full delegation for both the highest and the lowest values of λ.23

22As we shall see shortly, this complicates the comparison of no delegation and full delegation in Proposition
B.1, since we there have to take into account the possibility that also the bureaucrat, with her interest for high
pollution levels, may choose a no-regulation contract for the high-cost type, with dTBI

(
θ
)

= K. This complication
does not show up in the subsequent analysis of partial delegation in Proposition B.2, since government, when
capping the bias, restricts the bureaucrat from choosing such a high pollution level.

23We do not know whether the effect of λ on the decision to choose full delegation over no delegation can be
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Proposition B.1. Consider the game in which government chooses between full delegation and

no delegation. The equilibrium is characterized as follows:

(i) For given λ and ν, there exists a threshold β
T

such that government prefers no delegation

to full delegation if and only if β ≥ βT .

(ii) For given λ and β, there exist 0 < νFDT ≤ νFDT < 1 such that government prefers full

delegation to no delegation if and only if νFDT ≤ ν ≤ νFDT .

Proof. Define h (θ, d) := UTC (G− θ (K − d) , d). Then,

h (θ, d) = (1− λ) (G− θK) +

(
(1− λ) θd− 1

2
d2

)
. (B11)

Observe that

h (θ, d1)− h (θ, d2) = (d1 − d2)

(
(1− λ) θ − d1 + d2

2

)
. (B12)

Government’s expected payoff in the no-delegation regime is given by

EθU
T
C

(
αTCN (θ)

)
= ν

[
(1− λ) tTCN (θ)− 1

2
dTCN (θ)2

]
+ (1− ν)

[
(1− λ) tTCN

(
θ
)
− 1

2
dTCN

(
θ
)2]

= νh
(
θ, dTCN (θ)

)
+ (1− ν)h

(
θ, dTCN

(
θ
))
− ν (1− λ)4θ

(
K − dTCN

(
θ
))
,

where the second equality follows from using (B11) and inserting from (B7). Similarly, govern-

ment’s expected payoff in the full-delegation regime is given by

EθU
T
C

(
αTBI (θ)

)
= ν

[
(1− λ) tTBI (θ)− 1

2
dTBI (θ)2

]
+ (1− ν)

[
(1− λ) tTBI

(
θ
)
− 1

2
dTBI

(
θ
)2]

= νh
(
θ, dTBI (θ)

)
+ (1− ν)h

(
θ, dTBI

(
θ
))
,

where the second equality follows from again using (B11) and inserting from (B9). We can thus

compute the payoff difference between the two regimes, ∆DT defined in (B10), as

4DT = ν
[
h
(
θ, dTCN (θ)

)
− h

(
θ, dTBI (θ)

)]
+ (1− ν)

[
h
(
θ, dTCN

(
θ
))
− h

(
θ, dTBI

(
θ
))]
− ν (1− λ)4θ

(
K − dTCN

(
θ
))
. (B13)

We first use (B12) to expand the first term in (B13), inserting for dTCN (θ) and dTBI (θ) from (B7)

even more complicated than that.
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and (B9), respectively, to get

ν
[
h
(
θ, dTCN (θ)

)
− h

(
θ, dTBI (θ)

)]
= ν

(
dTCN (θ)− dTBI (θ)

)(
(1− λ) θ − dCN (θ) + dBI (θ)

2

)
=
ν
(
dTCN (θ)− dTBI (θ)

)2
2

=


νλ2β2θ2

2(1−β)2
, if dTBI (θ) < K;

ν
2 (K − (1− λ) θ)2 , if dTBI (θ) = K.

(B14)

Next, we similarly use (B12) to expand the second term in (B13), inserting for dTCN
(
θ
)

and

dTBI
(
θ
)

from (B7) and (B9), respectively, to get

(1− ν)
[
h
(
θ, dTCN

(
θ
))
− h

(
θ, dTBI

(
θ
))]

= (1− ν)

[(
dTCN

(
θ
)
− dTBI

(
θ
))(

(1− λ) θ −
dTCN

(
θ
)

+ dTBI
(
θ
)

2

)]

=



(1−ν)
2

(
(1− λ) θ + (1− λ) ν

1−ν4θ − d
T
BI

(
θ
))
×(

(1− λ) θ − (1− λ)
(

ν
1−ν4θ

)
− dTBI

(
θ
))
, if dTCN

(
θ
)
< K;

(1− ν)

[(
K − dTBI

(
θ
))(

(1− λ) θ − K+dTBI(θ)
2

)]
, if dTCN

(
θ
)

= K.

=



(1−ν)
2

[
λ2β2θ

2

(1−β)2
− (1−λ)2ν2(4θ)2

(1−ν)2

]
, if dTCN

(
θ
)
< K and dTBI

(
θ
)
< K;

(1−ν)
2

[(
K − (1− λ) θ

)2 − (1−λ)2ν2(4θ)2

(1−ν)2

]
, if dTCN

(
θ
)
< dTBI

(
θ
)

= K;

− (1−ν)
2

[(
K −

(
1 + λ2β−1

1−β

)
θ
)(

K −
(

1− λ
1−β

)
θ
)]
, if dTBI

(
θ
)
< dTCN

(
θ
)

= K;

0, if dTCN
(
θ
)

= dTBI
(
θ
)

= K.

(B15)

We use the expression for dTCN
(
θ
)

in (B7) to write the third term in (B13) as

ν (1− λ)4θ
(
K − dTCN

(
θ
))

=

ν (1− λ)4θ
(
K − (1− λ)

(
θ + ν

1−ν4θ
))

, if dTCN
(
θ
)
< K;

0, if dTCN
(
θ
)

= K.
.

(B16)
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Combining these expressions, we can write ∆DT in (B13) as

4DT =



νλ2β2θ2

2(1−β)2
+ (1−ν)

2

[
λ2β2θ

2

(1−β)2
− (1−λ)2ν2(4θ)2

(1−ν)2

]
−ν (1− λ)4θ

(
K − (1− λ)

(
θ + ν

1−ν4θ
))

, if dTCN
(
θ
)
< K, dTBI (θ) < dTBI

(
θ
)
< K;

νλ2β2θ2

2(1−β)2
+ (1−ν)

2

[(
K − (1− λ) θ

)2 − (1−λ)2ν2(4θ)2

(1−ν)2

]
−ν (1− λ)4θ

(
K − (1− λ)

(
θ + ν

1−ν4θ
))

, if dTCN
(
θ
)
< K, dTBI (θ) < dTBI

(
θ
)

= K;

ν
2 (K − (1− λ) θ)2 + (1−ν)

2

[(
K − (1− λ) θ

)2
− (1−λ)2ν2(4θ)2

(1−ν)2

]
−ν (1− λ)4θ

(
K − (1− λ)

(
θ + ν

1−ν4θ
))

, if dTCN
(
θ
)
< dTBI (θ) = dTBI

(
θ
)

= K;

νλ2β2θ2

2(1−β)2
− (1−ν)

2

(
K −

(
1 + λ2β−1

1−β

)
θ
)
×(

K −
(

1− λ
1−β

)
θ
)
, if dTBI (θ) < dTBI

(
θ
)
< dTCN

(
θ
)

= K;

νλ2β2θ2

2(1−β)2
, if dTBI (θ) < dTBI

(
θ
)

= dTCN
(
θ
)

= K;

ν
2

(
K − (1− λ) θ

)2
, if dTBI (θ) = dTBI

(
θ
)

= dTCN
(
θ
)

= K.

(B17)

Consider first the effect of β. Define βT (θ) := K+λθ
K+2λθ >

1
2 . Note that dTBI (θ) < K, for

β < βT (θ), and dTBI (θ) = K, otherwise. From (B17), we see that ∆DT is increasing in β for

β < βT (θ), and independent of β otherwise.24 Thus, we can determine a threshold β
T

such that

4DT > 0, and no delegation is preferred to full delegation, if and only if β > β
T

. Note that this

threshold can be zero or one, such that one regime is preferred for all values of β, depending on

other parameter values.

Next, consider the effect of ν. Note that dTCN
(
θ
)
< K if and only if ν < νT , where

νT : =
K − (1− λ) θ

K − (1− λ) θ
∈ [0, 1] . (B18)

For ν < νT , we can write 4DT = µ1 + µ2ν + µ3
ν2

1−ν , where µ1, µ2, and µ3 are constants, and

µ3 = (1−λ)2(4θ)2
2 > 0. As ν2

1−ν is convex in ν, 4D is also convex in ν for ν < νT . For ν ≥ νT , we

24Showing that 4DT is increasing in β in the case dTBI (θ) < dTBI
(
θ
)
< dTCN

(
θ
)

= K is tedious but straight-
forward.
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have dTCN
(
θ
)

= K, and4DT is linear in ν. Note, moreover, that4DT > 0 when ν ∈ {0, 1}. For

ν ∈ (0, 1), 4DT can be negative, depending on other parameter values. In combination, these

observations imply that 4DT is convex for ν < νT , is linear for ν ≥ νT , is continuous in ν, and

takes positive values at ν = 0 and ν = 1. These features can be satisfied simultaneously only if

4DT either is always positive or has two zeros, at νFDT and νFDT with 0 < νFDT ≤ νFDT < 1,

such that 4DT < 0 if and only if νFDT < ν < νFDT . The interval
[
νFDT , νFDT

]
can, however,

be a null set, such that no delegation is the preferred choice for all values of ν.

Partial delegation

Like in the regulation framework, government can improve its value by restricting the choice

of the bureaucrat. We impose a restriction that the bureaucrat chooses regulatory contracts

α (θ) , θ ∈
{
θ, θ
}

with the constraint that d (θ) ∈ [d1, d2]⊆ [0,K]. The bureaucrat’s optimal

contract for type θ solves

max
(t,d)

(1− β)

[(
1 + λ

2β − 1

1− β

)
t− 1

2
d2

]
, (B19)

subject to (IR-T), and d ∈ [d1, d2] .

We denote the solution with a superscript PT and a subscriptBI. The following lemma describes

the bureaucrat’s choice of contracts. The proof is similar to that of Lemma 3.

Lemma B.1. Assume that government delegates the decision-making authority with the restric-

tion that d ∈ [d1, d2] ⊆ [0,K]. The bureaucrat’s regulation contract for type θ ∈
{
θ, θ
}

is given

by αPTBI (θ, d1, d2) =
(
tPTBI (θ, d1, d2) , dPTBI (θ, d1, d2)

)
, where

dPTBI (θ, d1, d2) =


d1 if d1 ≥

(
1 + λ2β−1

1−β

)
θ(

1 + λ2β−1
1−β

)
θ if d1 <

(
1 + λ2β−1

1−β

)
θ < d2

d2 if
(

1 + λ2β−1
1−β

)
θ ≥ d2

tPTBI (θ, d1, d2) = G− θ
(
K − dPTBI (θ, d1, d2)

)
.

Unlike the regulation framework, the lower bound d1 has a limited effect in this case. This

is because the bureaucrat’s preferred pollution level is always above that of government, and

therefore, government can increase its value by restricting the bureaucrat’s choice using an upper

bound. The following lemmata describe the optimal choices of the bounds; they are parallel to

Lemmata 4 and 5, respectively.

Lemma B.2. Fix d2 ∈ [0,K]. Suppose government partially delegates with a restriction that

d (θ) , d
(
θ
)
∈ [d1, d2], for some d1 ∈ [0, d2]. Government’s payoff is maximized at any d1 ≤

min
{
d2, d

T
BI (θ)

}
.
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Disregarding government’s indifference, we assume that it puts d1 = min
{
d2, d

T
CI (θ)

}
≤

min
{
d2, d

T
BI (θ)

}
.

Lemma B.3. Fix d1 = dTCI (θ). Suppose government partially delegates with a restriction that

d (θ) , d
(
θ
)
∈ [d1, d2], for some d2 ∈ [d1,K]. If dTBI (θ) ≥ dTCI

(
θ
)
, then, among all d2 ∈ [d1,K],

government’s value is maximized at d2 = (1− λ)Eθθ = dTCI (Eθθ). If dTBI (θ) < dTCI
(
θ
)
, then,

among all d2 ≥ dTBI (θ), C’s payoff is maximized at d2 = dTCI
(
θ
)
, while among all d2 < dTBI (θ),

government’s value is maximized at d2 = (1− λ)Eθθ = dTCI (Eθθ).

The above lemmata show that we have two possible types of regime if government par-

tially delegates in equilibrium. With weak delegation, government chooses d2 = dTCI
(
θ
)
. In

response, the bureaucrat sets dPTBI (θ, d1, d2) = min
{
dTBI (θ) , dTCI

(
θ
)}

, and dPTBI
(
θ, d1, d2

)
=

dTCI
(
θ
)
. Thus, government implements the full-information regulation contract if the firm is

high-cost. There is distortion at the contract offered to a low-cost firm, as dTBI (θ) > dTCI (θ).

With strict delegation, government chooses d1 = dTCI (Eθθ). In response, the bureaucrat sets

dPBI (θ, d1, d2) = dPBI
(
θ, d1, d2

)
= d1, resulting in a uniform pollution level for both types of

firms. Note that government’s choice of upper bound d2 is always strictly below K.

Comparing government’s expected value in various cases, we can observe three possible

regimes in equilibrium −weak, strict, or no delegation. The following proposition fully charac-

terizes how different regimes can arise in equilibrium.

Proposition B.2. Consider the game in which government chooses between partial delegation

and no delegation. The equilibrium regime is characterized as follows:

(i) Fix ν. There exists a threshold λNDT ∈ [0, 1) such that government prefers strict delegation

to no delegation if and only if λ ≥ λNDT . Morever, λNDT = 0 if ν <
(
K−θ
4θ

)2
. In addition,

there exists a threshold βDT (λ) such that weak delegation occurs if β < βDT (λ). For

λ > λNDT , βDT (λ) is decreasing in λ.

(ii) Fix λ and β. Define ν̂T := max

{
0, 1−

(
λβθ

(1−λ)(1−β)4θ

)2
}
∈ [0, 1]. Government prefers

strict delegation to weak delegation if and only if ν ≥ ν̂T . For ν ≤ ν̂T , there exists a thresh-

old νWDT ∈
[
0, ν̂T

]
such that weak delegation occurs in equilibrium if ν ≤ νWDT ; and no

delegation occurs in equilibrium if ν ∈
[
νWDT , ν̂T

]
. For ν ≥ ν̂T , there exists a threshold

νSDT ∈
[
ν̂T , 1

]
such that strict delegation occurs in equilibrium if ν ∈

[
ν̂T , νSDT

]
; and no

delegation occurs in equilibrium if ν ≥ νSDT .

Proof. Recalling the expression for h (θ, d) in (B11), we write government’s expected payoff in

the no-delegation regime as

EθU
NDT
C = νh

(
θ, dTCN (θ)

)
+ (1− ν)h

(
θ, dTCN

(
θ
))
− ν (1− λ)4θ

(
K − dTCN

(
θ
))
. (B20)

Similarly, using (B5) and (B9), we write government’s expected payoff in the weak-delegation
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regime as

EθU
WDT
C = ν

[
(1− λ) tTBI (θ)− 1

2
dTBI (θ)2

]
+ (1− ν)

[
(1− λ) tTCI

(
θ
)
− 1

2
dTCI

(
θ
)2]

= νh
(
θ, dTBI (θ)

)
+ (1− ν)h

(
θ, dTCI

(
θ
))
. (B21)

and government’s expected payoff in the strict-delegation regime as

EθU
SDT
C = ν

[
(1− λ)

(
G− θ

(
K − dTCI (Eθθ)

))
− 1

2
dTCI (Eθθ)

2

]
+ (1− ν)

[
(1− λ)

(
G− θ

(
K − dTCI (Eθθ)

))
− 1

2
dTCI (Eθθ)

2

]
= νh

(
θ, dTCI (Eθθ)

)
+ (1− ν)h

(
θ, dTCI (Eθθ)

)
. (B22)

We first compare the two regimes of weak delegation and strict delegation. We denote the

difference in government’s expected payoff in the two regimes by4DSDT−WDT . As government’s

choice of upper bound is strictly less than K, we restrict ourselves to the possibility dTBI (θ) < K.

4DSDT−WDT = ν
[
h
(
θ, dTCI (Eθθ)

)
− h

(
θ, dTBI (θ)

)]
+ (1− ν)

[
h
(
θ, dTCI (Eθθ)

)
− h

(
θ, dTCI

(
θ
))]

.

Using (B12), (B21), and (B22), as well as expressions in (B5) and (B9), we have

h
(
θ, dTCI (Eθθ)

)
− h

(
θ, dTBI (θ)

)
=

(
dTCI (Eθθ)− dTBI (θ)

)(
(1− λ) θ −

dTCI (Eθθ) + dTBI (θ)

2

)
=

1

2

[
λ2β2θ2

(1− β)2 − (1− ν)2 (1− λ)2 (4θ)2

]
,

h
(
θ, dTCI (Eθθ)

)
− h

(
θ, dTCI

(
θ
))

=
(
dTCI (Eθθ)− dTCI

(
θ
))(

(1− λ) θ −
dTCI (Eθθ) + dTCI

(
θ
)

2

)
= −1

2

[
ν2 (1− λ)2 (4θ)2

]
,

and

4DSDT−WDT =
ν

2

[
λ2β2θ2

(1− β)2 − (1− ν)2 (1− λ)2 (4θ)2

]
− (1− ν)

2

[
ν2 (1− λ)2 (4θ)2

]
=
ν

2

[
λ2β2θ2

(1− β)2 − (1− ν) (1− λ)2 (4θ)2

]
. (B23)

Next, we compare the two regimes of no delegation and weak delegation, and we denote this

difference by 4DNDT−WDT . Making use of (B12), (B20), and (B21), as well as expressions in
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(B7) and (B9), we have

4DNDT−WDT

= ν
[
h
(
θ, dTCN (θ)

)
− h

(
θ, dTBI (θ)

)]
+ (1− ν)

[
h
(
θ, dTCN

(
θ
))
− h

(
θ, dTCI

(
θ
))]
− ν (1− λ)4θ

(
K − dTCN

(
θ
))

= ν

[(
dTCN (θ)− dTBI (θ)

)(
(1− λ) θ −

dTCN (θ) + dTBI (θ)

2

)]
+ (1− ν)

[(
dTCN

(
θ
)
− dTCI

(
θ
))(

(1− λ) θ −
dTCN

(
θ
)

+ dTCI
(
θ
)

2

)]
− ν (1− λ)4θ

(
K − dTCN

(
θ
))

=
νλ2β2θ2

2 (1− β)2 −
1− ν

2

(
dTCN

(
θ
)
− dTCI

(
θ
))2 − ν (1− λ)4θ

(
K − dTCN

(
θ
))

=


ν
2

[
λ2β2θ2

(1−β)2
+ ν(1−λ)2(4θ)2

(1−ν) − 2 (1− λ)4θ
(
K − (1− λ) θ

)]
if dCN

(
θ
)
< K

νλ2β2θ2

2(1−β)2
− 1−ν

2

(
K − (1− λ) θ

)2
if dCN

(
θ
)

= K

. (B24)

Finally, the difference between the two regimes of no delegation and strict delegation is

denoted by 4DNDT−SDT . Making use of (B12), (B20), and (B22), as well as (B5) and (B7),

we have

4DNDT−SDT

= ν
[
h
(
θ, dTCN (θ)

)
− h

(
θ, dTCI (Eθθ)

)]
+ (1− ν)

[
h
(
θ, dTCN

(
θ
))
− h

(
θ, dTCI (Eθθ)

)]
− ν (1− λ)4θ

(
K − dTCN

(
θ
))

= ν

[(
dTCN (θ)− dTCI (Eθθ)

)(
(1− λ) θ −

dTCN (θ) + dTCI (Eθθ)

2

)]
+ (1− ν)

[(
dTCN

(
θ
)
− dTCI (Eθθ)

)(
(1− λ) θ −

dTCN
(
θ
)

+ dTCI (Eθθ)

2

)]
− ν (1− λ)4θ

(
K − dTCN

(
θ
))

= ν

[
(1− λ)2 (1− ν)2 (4θ)2

2

]
− ν (1− λ)4θ

(
K − dTCN

(
θ
))

+
(1− ν)

2

[(
dTCN

(
θ
)
− (1− λ)

(
θ − ν4θ

)) (
2 (1− λ) θ − dTCN

(
θ
)
− (1− λ)

(
θ − ν4θ

))]
= ν

[
(1− λ)2 (1− ν)2 (4θ)2

2

]
− ν (1− λ)4θ

(
K − dTCN

(
θ
))

+
(1− ν)

2

[(
dTCN

(
θ
)
− (1− λ) θ + ν (1− λ)4θ

) (
(1− λ) θ − dTCN

(
θ
)

+ ν (1− λ)4θ
)]
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= ν

[
(1− λ)2 (1− ν)2 (4θ)2

2

]
− ν (1− λ)4θ

(
K − dTCN

(
θ
))

+
(1− ν)

2

[
ν2 (1− λ)2 (4θ)2 −

(
dTCN

(
θ
)
− (1− λ) θ

)2]
=
ν (1− ν) (1− λ)2 (4θ)2

2
[(1− ν) + ν]

−
[
ν (1− λ)4θ

(
K − dTCN

(
θ
))
− (1− ν)

2

(
dTCN

(
θ
)
− (1− λ) θ

)2]

=
ν (1− ν) (1− λ)2 (4θ)2

2
− (1− λ)2 (1− ν)

2

2ν4θ
(
K − dTCN

(
θ
))

(1− ν) (1− λ)
+

(
dTCN

(
θ
)

(1− λ)
− θ

)2
 .

Suppose that dCN
(
θ
)
< K. Then,

4DNDT−SDT

=
ν (1− ν) (1− λ)2 (4θ)2

2
− (1− λ)2 (1− ν)

2

2ν4θ
(
K − dTCN

(
θ
))

(1− ν) (1− λ)
+

(
dTCN

(
θ
)

(1− λ)
− θ

)2


=
ν (1− ν) (1− λ)2 (4θ)2

2
− (1− λ)2 (1− ν)

2

[
2ν4θ

(1− ν)

(
K

1− λ
− θ − ν (4θ)

(1− ν)

)
+
ν2 (4θ)2

(1− ν)2

]

=
ν (1− ν) (1− λ)2 (4θ)2

2
− (1− λ)2 (1− ν)

2

[
2ν4θ

(1− ν)

(
K

1− λ
− θ
)
− ν2 (4θ)2

(1− ν)2

]

=
ν (1− ν) (1− λ)2 (4θ)2

2
+
ν2 (1− λ)2 (4θ)2

2 (1− ν)
− (1− λ)2 ν4θ

(
K

1− λ
− θ
)

=
ν (1− λ)2 (4θ)2

2 (1− ν)

[
(1− ν)2 + ν

]
− (1− λ)2 ν4θ

(
K

1− λ
− θ
)

= (1− λ)2 ν4θ

[(
1− ν + ν2

)
(4θ)

2 (1− ν)
−
(

K

1− λ
− θ
)]

.

Suppose that dCN
(
θ
)

= K. Then,

4DNDT−SDT

=
ν (1− ν) (1− λ)2 (4θ)2

2
− (1− λ)2 (1− ν)

2

2ν4θ
(
K − dTCN

(
θ
))

(1− ν) (1− λ)
+

(
dTCN

(
θ
)

(1− λ)
− θ

)2


=
ν (1− ν) (1− λ)2 (4θ)2

2
− (1− λ)2 (1− ν)

2

(
K

1− λ
− θ
)2
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=
(1− ν) (1− λ)2

2

[
ν (4θ)2 −

(
K

1− λ
− θ
)2
]
.

Together, this means

4DNDT−SDT =


(1− λ)2 ν4θ

[
(1−ν+ν2)(4θ)

2(1−ν) −
(

K
1−λ − θ

)]
if dCN

(
θ
)
< K

(1−ν)(1−λ)2

2

[
ν (4θ)2 −

(
K

1−λ − θ
)2
]

if dCN
(
θ
)

= K

. (B25)

Consider the effects of λ and β. For a fixed ν, we can write 4DNDT−SDT in (B25) as

(1− λ)2AT (λ) where AT (λ) is continuous. We define λNDT := max
{

0, λNDT1

}
where λNDT1

solves AT (λ) = 0. Since dAT (λ)
dλ < 0, government prefers strict delegation to no delegation if

and only if λ ≥ λNDT . It follows that λNDT = 0 if ν <
(
K−θ
4θ

)2
. λNDT does not vary with β,

as 4DNDT−SDT is independent of β.

For λ ≥ λNDT , either strict delegation or weak delegation occurs in equilibrium. We can

write 4DSDT−WDT as (1− λ)2BT (λ, β), where BT (λ, β) is continuous and increasing in β.

Therefore, we can find βDT1 (λ), which solves BT (λ, β) = 0 for λ ≥ λNDT , implying that

4DSDT−WDT ≥ 0 if β ≥ βDT1 (λ). As BT (λ, β) is increasing in λ, βDT1 (λ) is decreasing in λ.

For λ ≤ λNDT , either no delegation or weak delegation occurs in equilibrium. We can

write 4DNDT−WDT as (1− λ)2CT (λ, β), where CT (λ, β) is continuous and increasing in β.

Therefore, we can find βDT2 (λ), which solves CT (λ, β) = 0 for λ ≤ λNDT , implying that

4DNDT−WDT ≥ 0 if β ≥ βDT2 (λ). Therefore, weak delegation occurs in equilibrium if

β < βDT (λ) :=

βDT1 (λ) if λ ≥ λNDT

βDT2 (λ) if λ ≤ λNDT
. (B26)

To find the effect of ν, fix λ and β. From (B23), note that 4DSDT−WDT > 0 if and

only ν > 1 −
(

λβθ
(1−λ)(1−β)4θ

)2
. As ν is bounded below by 0, we define the threshold value

ν̂T := max

{
0, 1−

(
λβθ

(1−λ)(1−β)4θ

)2
}

. Between the two partial-delegation rules, government

prefers strict delegation to weak delegation if and only if ν > ν̂T . Consequently, for ν > ν̂T ,

strict delegation or no delegation can occur in equilibrium, while for ν ≤ ν̂T , only weak delegation

or no delegation can occur in equilibrium. We will consider these two cases separately. To find

out the equilibrium outcome in these two cases, we need to study the effect of ν on4DNDT−SDT

and 4DNDT−WDT . Recall the definition of νT , in (B18), and that dTCN
(
θ
)
< K if and only

if ν < νT . Note that 4DNDT−SDT and 4DNDT−WDT are continuous in ν but not necessarily
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differentiable at dTCN
(
θ
)

= K, or equivalently, at ν = νT , and that νT can lie below or above

ν̂T , depending on other parameter values.

First, consider ν ≥ ν̂T . If now 4DNDT−SDT ≥ 0, then no delegation occurs in equilibrium;

otherwise, strict delegation occurs in equilibrium. We first study the expression of4DNDT−SDT

in (B25) for all ν in [0, 1]. Then, we will consider the constraint that ν ≥ ν̂T .

The following two observations are useful in studying the effect of ν on 4DNDT−SDT . First,

4DNDT−SDT = 0 at both ν = 0 and ν = 1. Secondly, ∂2

∂ν2

(
4DNDT−SDT ) =

ν(3−3ν+ν2)(1−λ)2(4θ)2

(1−ν)3
>

0 for ν < νT , and ∂2

∂ν2

(
4DNDT−SDT ) = − (1− λ)2 (4θ)2 < 0 for ν > νT . Therefore,

4DNDT−SDT is convex in ν for ν < νT , and concave in ν for ν > νT . If 4DNDT−SDT ≤ 0

at ν = νT , then the above two observations together imply that, either 4DNDT−SDT < 0

for every 0 < ν < 1, or 4DNDT−SDT has exactly one zero at some νkT ∈
(
νT , 1

)
, such that

4DNDT−SDT < 0 for every 0 < ν < νkT , and 4DNDT−SDT > 0 for every νkT < ν < 1.

In contrast, if 4DNDT−SDT > 0 at ν = νT , then the two observations together imply that,

either 4DNDT−SDT > 0 for every 0 < ν < 1, or 4DNDT−SDT has exactly one zero at some

ν`T ∈
(
0, νT

)
, such that 4DNDT−SDT < 0 for every 0 < ν < ν`T , and 4DNDT−SDT > 0

for every ν`T < ν < 1. While 4DNDT−SDT can take either sign at ν = νT , we see that

the following three possibilities are the only ones that can arise: (a) 4DNDT−SDT > 0 for

ν ∈ (0, 1); (b) 4DNDT−SDT < 0 for ν ∈ (0, 1); and (c) 4DNDT−SDT < 0 for ν ∈
(
0, νmT

)
and

4DNDT−SDT > 0 for ν ∈
(
νmT , 1

)
, where 0 < νmT < 1, and νmT ∈

{
νkT , ν`T

}
. Now we adjust

to the constraint ν ≥ ν̂T , and define the threshold νSDT as ν̂T in scenario (a), as 1 in scenario

(b), and as max
{
ν̂T , νmT

}
in scenario (c). Therefore, νSDT ∈

[
ν̂T , 1

]
. Furthermore, strict

delegation occurs in equilibrium if ν̂T ≤ ν ≤ νSDT ; and no delegation occurs in equilibrium if

νSDT ≤ ν < 1.

Next, consider ν ≤ ν̂T . If now 4DNDT−WDT > 0, then no delegation occurs in equilibrium;

otherwise, weak delegation occurs in equilibrium. As before, we will first study the expression

of 4DNDT−WDT in (B24) for all ν in [0, 1] and then adjust for the constraint that ν ≤ ν̂T .

The following two observations are useful in this case. First, 4DNDT−WDT = 0 at ν = 0,

and 4DNDT−WDT > 0 at ν = 1. Secondly, ∂2

∂ν2

(
4DNDT−WDT

)
= (1−λ)2(4θ)2

(1−ν)3
> 0 for ν < νT ,

and ∂2

∂ν2

(
4DNDT−WDT

)
= 0 for ν > νT . Therefore, 4DNDT−WDT is convex in ν for ν < νT

and linear in ν for ν ≥ νT . If 4DNDT−WDT ≤ 0 at ν = νT , then the above two observations

together imply that 4DNDT−WDT has exactly one zero at some νrT ∈
[
νT , 1

)
, such that

4DNDT−WDT ≤ 0 for every 0 < ν ≤ νrT , and 4DNDT−WDT > 0 for every νrT < ν < 1.

In contrast, if 4DNDT−WDT > 0 at ν = νT , then the two observations together imply that,

either 4DNDT−WDT > 0 for every 0 < ν < 1, or 4DNDT−WDT can have exactly one zero

at νsT ∈
(
0, νT

)
, such that 4DNDT−WDT < 0 if and only if 0 < ν < νsT . Therefore, while

4DNDT−WDT can take either sign at ν = νT , the following two possibilities are the only

ones that can arise: (a) 4DNDT−WDT > 0 for all ν ∈ (0, 1); and (b) 4DNDT−WDT < 0 for

ν ∈
(
0, νtT

)
and 4DNDT−WDT > 0 for ν ∈

(
νtT , 1

)
, where 0 < νtT < 1, and νtT ∈

{
νrT , νsT

}
.
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Adjusting for the constraint ν ≤ ν̂T , we define the threshold νWDT as 0 in scenario (a); and as

min
{
νtT , ν̂T

}
in scenario (b). Clearly, 0 < νWDT ≤ ν̂T . Furthermore, weak delegation occurs in

equilibrium if 0 ≤ ν ≤ νWDT , while no delegation occurs in equilibrium if νWDT ≤ ν ≤ ν̂T .
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