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Abstract 1 develop a model of rent seeking with informational foundations
and an arbitrary number of rent seekers, and I compare the results with Tullock’s
(1980) classic model where the influence activities are “black-boxed.” Given the
microfoundations, the welfare consequences of rent seeking can be studied. In
particular, I show that competition among rent seekers can be socially beneficial,
since the additional information that the decision maker gets access to makes
the increase in rent-seeking expenditures worthwhile. However, the analysis
also highlights a logic that, under natural parameter assumptions, makes the
rent seekers spend more resources on rent seeking than is in society’s interest,
which is consistent with the spirit of the rent-seeking literature.
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1 Introduction

In a very influential paper, Tullock (1980) introduced a model of rent seeking
in which n economic agents try to win an indivisible prize, for example, the
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profits associated with being granted a monopoly of a market.! They do so
by investing resources into an (abstract, not explicitly modeled) rent-seeking
activity: the more an agent invests, the greater the likelihood that it wins the
prize. In particular, Tullock assumed that each agent’s probability of winning
is given by an exogenous function, parameterized by a constant R. This con-
stant is a measure of how discriminatory the probability-of-winning function
is: in the limit as R approaches infinity, a rent seeker who spends (perhaps just
slightly) more than his rivals wins with probability one; similarly, in the limit
as R approaches zero, each rent seeker wins with probability 1/n, regardless of
the relative magnitude of the investment levels. Tullock also assumed that the
rent seekers are identical, that they have a common valuation of the prize, and
that they simultaneously choose their investment levels with the objective of
maximizing their expected net gain.

In the Nash equilibrium of Tullock’s model, the sum of all agents’ rent-seek-
ing expenditures equals a certain fraction of the value of the prize. As the
number of firms goes to infinity, this fraction approaches R.? Therefore, when
competition among the rent seekers is very stiff, the parameter R tells us what
share of the prize (e.g., the monopoly rent) that is dissipated. An important part
of the rent-seeking literature has been concerned with the question whether,
or to what extent, the rents (of for example a monopoly) will be dissipated by
socially wasteful expenditures to capture them; see for example Nitzan (1994)
and Mueller (2003, Chap. 15).

Tullock’s model, being a reduced form, begs the question exactly why the rent
seekers are influential. Similarly, it is not clear from Tullock’s formulation why
the rent-seeking expenditures are wasted from a social welfare point of view —
it is just assumed that they are. One particular consequence of this assumption
is that, in Tullock’s model, competition among rent seekers is always bad, as a
larger number of rent seekers leads to more total rent-seeking expenditures.

Very early, Tullock (1975) suggested himself that one can interpret the rent-
seeking expenditures as costs of information gathering, and the reason why
the rent seekers are influential could be that they (strategically) provide the
decision maker with this policy-relevant information.> Tullock’s own leading
example was a trial. Another example could be the competitive bidding to host
the Olympic games. Prior to the vote among the members of the International
Olympic Committee, prospective host cities provide the delegates with infor-
mation concerning their ability to host the games. Presumably, this information

I The idea of rent seeking was first discussed by Tullock (1967), although the term itself was first
introduced by Krueger (1974). A third early and seminal contribution is Posner (1975). For surveys
of the rent-seeking literature, see Nitzan (1994) and Mueller (2003, Chap. 15).

2 The existence of a pure-strategy equilibrium requires that R < 1.

3 In his classic industrial organization textbook, Tirole (1988, Chap. 1, £n.26) also argued that
informational asymmetries should be a natural way of providing foundations to the rent-seeking
argument: “The analysis here is very vague. What is needed is an equilibrium model in which
lobbying activities have influence. Incomplete information ought to be the key to building such a
model that would explain why lobbying occurs (information, collusion with decision makers, and
so on) and whether lobbying expenses are socially wasteful.”
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does — at least partially — concern issues that are of great importance for the
question which city is most likely to deliver a successful Olympics. For example,
the information could concern the prospective host city’s ability to take care of
local transportation and to deal with security issues during the games.*

Also examples that are closer to the most common ones invoked in the rent-
seeking literature — like a situation in which a regulator chooses which firm to
grant a natural monopoly — may fit the informational story. Prior to the reg-
ulator’s decision, prospective monopolists offer information to the regulator,
which could concern questions such as the efficiency of the prospective monop-
olist’s production process, or to what extent the preferences of the consumers
are well served by the features of this particular firm’s good or service.

Although the idea of rent seeking as strategic information gathering and
transmission is plausible, it is not clear whether such a story is properly captured
by Tullock’s reduced form. For if the information that is acquired is relevant for
the decision which rent seeker ought to (from a social welfare point of view) be
granted the prize, then the expenditures are not necessarily wasted. Moreover,
we would not in general expect competition among rent seekers to be bad.

In this paper I present a relatively simple model of competitive rent seeking
with informational foundations. I explicitly model how n prospective monop-
oly firms gather (hard, i.e., verifiable) information concerning their efficiency
and then strategically choose whether to disclose the information to a regu-
lator. In light of this information, the regulator chooses which firm to grant
the monopoly. This way of thinking about rent seeking may look unreasonably
benevolent, and one might be worried that it biases the results in favor of a view
that rent seeking is after all not that harmful or wasteful. In spite of this possible
bias, however, the analysis highlights a logic that, consistent with the spirit of
the rent-seeking literature, tends to make the firms spend more resources on
information gathering than is in society’s interest.

To see this, note that if society could give the firms instructions as to how
much information to gather, the firms would behave as if the prize that entered
their objective functions was the difference in social welfare between having
an efficient firm and having an inefficient firm — for it is this difference that
society can gain by, thanks to the additional information, being able to grant
the monopoly to an efficient firm rather than an inefficient one. In contrast,
the prize that actually enters the firms’ objective functions is the monopoly
profits conditional on being efficient, the reason being that this is the profit they
can earn by successfully gathering information showing that they are efficient.
Thus, even if society’s and a firm’s valuations of that firm’s being granted the
monopoly were identical, both for the case where the firm is efficient and ineffi-
cient, the firm’s perceived prize would be greater as it cares about the profits

4 Of course, the Olympic games is also a good example of a rent-seeking process that is likely
to involve other kinds of influence activites, such as the offering of bribes. We know for sure
that this happened in the process leading up the decision to award Salt Lake City the 2002 win-
ter Olympics; see, for example, “Timeline: Olympics corruption scandal” at the BBC website
<http://news.bbc.co.uk/1/hi/world/297030.stm> (accessed August 22, 2006).

@ Springer



200 J.N. M. Lagerlof

conditional on being efficient whereas society would care about this profit/
welfare level less the one where the firm is inefficient.

The analysis also shows that in the limit, as the number of firms approaches
infinity, the total expected amount of rent-seeking expenditures equal a con-
stant (which can take values between zero and unity) times the perceived prize,
which as explained above equals the monopoly profits conditional on being
efficient. Thus, this constant is a direct analogue to the parameter R in Tullock’s
model. In the model with informational foundations, however, the constant can
be related to fundamentals of the model: it is equal to the inverse of the elas-
ticity of the cost function associated with information acquisition, evaluated at
zero (for when the number of firms is infinite, each one of them acquires a zero
amount of information).

Finally and most importantly, the microfoundations of the model allow us to
conduct a meaningful welfare analysis. As already mentioned, the equilibrium of
Tullock’s model has the property that total rent-seeking expenditures increase
as the number of rent seekers increases; moreover, since rent-seeking expen-
ditures are (by assumption) wasted, welfare moves in the opposite direction
to total rent-seeking expenditures. In the present model with informational
foundations, I derive a condition that determines whether expected welfare
and total rent-seeking expenditures move in opposite directions or in the same
direction as the number of rent seekers increases.’ The parameters entering
this condition are (i) the monopoly profits for an efficient firm, (ii) the differ-
ence in social welfare between having an efficient monopoly firm and having an
inefficient monopoly firm, (iii) the inverse of the elasticity of the cost function
associated with information acquisition, and (iv) the prior probability that a
firm is efficient. For many configurations of these parameters, expected welfare
increases as the number of rent seekers becomes larger — competition among
rent seekers is welfare enhancing.®

The present paper is by no means the first one to develop a model of influ-
ence activities with informational foundations. Formal game-theoretic models
in which lobbying is conceived as an exercise in strategic information transmis-
sion can be found in, for example, Austen-Smith and Wright (1992), Potters
and van Winden (1992), Austen-Smith (1995), Lagerlof (1997), Grossman and
Helpman (2001), Bennedsen and Feldmann (2002), and Frisell and Lagerlof
(2006). Unlike the present paper and Tullock (1980), however, these contribu-
tions allow only for either one or two lobbyists. Therefore they are not able to
study the effects of a gradual increase in the number of lobbyists/rent seekers
on for example welfare, nor can they say anything about the degree of rent
dissipation in the limit as the number of rent seekers goes to infinity.

5 Although it remains to be proven analytically, total rent-seeking expenditures appear to be
increasing in the number of firms for all parameter values of the model, just as in the Tullock model
(see the examples in Sect. 6).

6 Becker (1983) argues that competition between interest groups is welfare enhancing. Just like in
Tullock (1980), however, the influence activities in Becker’s model are “black-boxed.”
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Lohmann (1993a, 1994) develops a model in which a large number of people
may take costly political action (e.g., take part in a demonstration), either prior
to a vote (the 1994 paper) or prior to a political leader’s decision (the 1993a
paper). By taking political action, the individual may be able to signal her pri-
vate information to the other voters or to the political leader. Lohmann (1993b)
carries out a welfare analysis of this model and shows that political action can be
both under- and oversupplied in equilibrium, which also the present paper does.
Related signaling models of lobbying are studied also in Lohmann (1995a,b).
However, in contrast to the present paper, Lohmann’s papers do not study
the effects of a gradual increase in the number of political activists, nor do
they relate to Tullock’s model by, for example, calculating the degree of rent
dissipation in the limit as the number of political activists goes to infinity.

There are two reasons why the model in the present paper can deal with an
arbitrary number of rent seekers while still keeping the analysis tractable: (i)
the information transmission is modeled as a disclosure game (i.e., rent seek-
ers are allowed to withhold information but not to lie)” and (ii) the expected
payoff of a typical rent seeker can be rewritten in a succinct form thanks to
some algebraic manipulations (see Eq. (2) in Sect. 4).

The remainder of the paper is organized as follows. The next section provides
a formal presentation of Tullock’s model. In Sect. 3, the model with informa-
tional foundations is introduced. In Sect. 4, this model is solved and the first
results are stated. Section 5 considers social welfare, and Sect. 6 illustrates the
results using some numerical examples. Section 7 briefly concludes and dis-
cusses some possible extensions and variations of the model. Most of the proofs
are relegated to some appendices.

2 The Tullock model

Tullock (1980) considers a model in which # identical economic agents, or rent
seekers, try to win an indivisible prize, their valuation of which equals v (> 0).
Rent seeker i’s probability of winning is given by

Pi (xl,x2,~ . ’xn) =

i .
zn R if in 70
j=1

j=1%j

1/n otherwise,

where x; (> 0) is this rent seeker’s investment. The parameter R (> 0) is a
measure of how discriminatory the rent-seeking contest is: The larger is this
parameter, the greater is the likelihood that a rent seeker who spends strictly
more than his rivals will win. In particular, in the limit as R approaches infinity,
a rent seeker who spends (perhaps just slightly) more than his rivals wins with

7 Other contrubutions modeling lobbying as a disclosure game include Milgrom and Roberts
(1986), Laffont and Tirole (1991, 1993, Chap. 11), Lagerlof (1997), Dewatripont and Tirole (1999),
Bennedsen and Feldmann (2002), and Lagerlof and Heidhues (2005).
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probability one. Similarly, in the limit as R approaches zero, each rent seeker
wins with probability 1/n, regardless of the relative magnitude of the x;’s (as
long as they are all strictly positive). For the special case R = 1, a rent seeker’s
probability of winning equals his own investment divided by the sum of all
rent seekers’ investments. Tullock also assumed that the rent seekers simulta-
neously choose their x;’s with the objective of maximizing their expected net
gain, P; (x1,x2,...,X,) v — Xx;, while taking the others’ behavior as given.

Itis astandard exercise to show that for R < 1 and for any finite #, there exists
a unique pure strategy Nash equilibrium of Tullock’s model. In this equilibrium,
which is symmetric, each rent seeker’s investment is given by

= (n— 1) Rv.
n

The dissipation rate, the amount of resources used in total by the rent seekers
as a fraction of the value of the prize, therefore equals nx*/v = R(n — 1) /n.
Hence, the dissipation rate is increasing in the number of rent seekers, and as the
number of them goes to infinity the dissipation tends to R. As a consequence,
under the assumption that the rent-seeking expenditures have no social value,
more competition among rent seekers (i.e., a larger n) is always bad.

3 A model with informational foundations

There are n (>2) ex ante identical firms and one regulator. The regulator can
grant a monopoly on a market to one of the firms. Each firm is either “efficient”
or “inefficient.” If the firm that is granted the monopoly is efficient, then social
welfare (we can think of this as total surplus or consumer surplus) is given by
Wir; otherwise, if the firm is inefficient, social welfare is given by Wy, with
Wp > Wpr. The regulator cares about social welfare, and ideally he would like
to grant the monopoly to a firm that is efficient. Initially, however, the regulator
faces uncertainty about whether a particular firm is efficient or inefficient. The
prior probability that a firm is efficient is given by u, where u € (0,1). Each firm
knows itself whether it is efficient or inefficient,® but it faces the same uncer-
tainty about the other firms as does the regulator. The realizations of these
random events are independent.

An efficient firm that is granted the monopoly earns the monopoly profits
g . An inefficient firm that is granted the monopoly earns the monopoly profits
nr, with my > w7, > 0. A firm that is not granted the monopoly earns some
“outside profits,” which are normalized to zero. Hence, any firm, regardless of
whether it is efficient or inefficient, wants to be granted the monopoly.

Although each firm at the outset knows whether it is efficient or inefficient,
the information it has is assumed to be soft (i.e., non-verifiable). This means

8 An alternative assumption would be that a firm faces the same uncertainty about its own effi-
ciency as do the other firms and the regulator. That assumption would yield very similar results,
however.
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that an efficient firm will not be able to simply tell the regulator about the fact
that it is efficient — such a claim would not be credible since an inefficient firm
has an incentive to make the same claim. The firms can, however, in addition to
their soft information, gather information that is hard (i.e., verifiable). Doing
this is costly, but if a firm finds hard information showing that it is efficient, it can
show this to the regulator who will then be more likely to grant the monopoly
to that particular firm.

Formally, conditional on knowing whether it is efficient or inefficient, each
firm i first chooses how much to spend on information gathering,’ yij € Ny
(where the subindex j = H, L indicates whether the firm is efficient or ineffi-
cient, respectively). This level of expenditures determines a probability ¢ (yi]-) €
[0, 1], where ¢ (-) is a twice differentiable, increasing, and strictly concave func-
tion satisfying ¢ (0) = 0 and limy, o ¢’ (y;) = oo. With this probability, the
firm finds hard information as to whether it is efficient or inefficient; with the
complementary probability 1 — ¢ (y,-j), the firm does not find anything. Since
the information is hard, the firm can, if it so likes, show the evidence to the reg-
ulator, in which case the regulator learns (for sure) whether the firm is efficient
or inefficient. The firms choose y;; simultaneously, and neither this choice nor
the fact whether they find hard information or not can be observed by the other
firms or by the regulator.

The regulator is a Bayesian updater. Given that some of the firms have shown
him hard information that they are efficient and the others have not, the reg-
ulator grants the monopoly to a firm whose likelihood of being efficient, as
perceived by the regulator, is at least as high as the likelihood for any other
firm. In the equilibrium of the model, this must be a firm that has shown the
regulator hard information, as long as there is such a firm.!% It is assumed that
the regulator chooses which firm of those who have submitted hard information
to grant the monopoly by using a fair lottery; hence, if k firms have submitted
hard information, each of them is granted the monopoly with probability 1/k.
Similarly, in case no firm has submitted hard information, the monopoly is allo-
cated using a fair lottery among all n firms, so that each is granted the monopoly
with probability 1/x.

4 Analysis

Given that the firms in the model are ex ante identical, it is natural to consider
equilibria in which all firms’ behavior are the same. I will thus confine attention
to symmetric equilibria of the model.

9 Given that firms have soft information from the outset and that they gather only hard informa-
tion, one could have used the term “evidence production” rather than “information gathering.” I
will stick to the latter term, though.

10 For these firms are efficient with probability one, and the others are efficient with a strictly
lower probability. To see that this must be the case, remember that 1 < 1. Moreover, the fact that
a firm has not presented hard information speaks against the possibility that it is efficient, since in
equilibrium the inefficient firms have a lower (in fact zero) incentive to gather information.
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As noted above, a firm that knows that it is inefficient will not expend
resources trying to find hard evidence about this; thus, y;; = 0 for all i. In
order to characterize the equilibrium choice of y;, we need to find an expres-
sion for firm i’s expected payoff given that it itself chooses the investment level
yig and that it believes its efficient rivals all choose, say, the investment level y.
If firm i as well as exactly k € {0,1,2,...,n — 1} of its rivals are both efficient
and successful in their investigations, then firm i is granted the monopoly with
probability 1/ (1 + k). Moreover, the probability that exactly k of the n—1 rivals
are efficient and successful, given that they all chose y, is given by

~1 R 1
(nk )[uw(y)]k[l—mp(y)] B

This means that firm i’s expected profit at the stage where it is about to choose
vig can be written as

n—1
-1 R R
Vin Vin,y) = 90()/1'11)2 (n X ) [M(P(J’)]k [1— e ()] ' kkn_fl
k=0

+ﬁ—¢@mﬂp—uw6UV*%§—wﬂ (1)

For large n, this expression consists of a very long series of terms. We can write
it much more succinctly, however, thanks to the following relationship (see
Appendix A for the derivation):

n—1—k

n—1 ~\1k n 71"
Z:(n—l)[mo(y)] [1—ne (3] _1-[t-we ] 2)

o\ k k+1 ne (y)n

The expression in (2) is the expected likelihood that firm i will be granted the
monopoly, at the stage when it knows that it itself is efficient and has found
hard information about this. Using (2) in ( 1) and then rearranging, we have

Vi Yin,y) = P Vi, y) T — Vi, (3)

where

[1-[=ne D" e 1= up "
P(yin,y) = o G)n + n - @

The function P (-) can be thought of as a probability-of-winning function,
analogous to the one in Tullock’s model. In contrast to Tullock’s model, how-
ever, here we have P(0,y) > 0: a firm can win the monopoly even if it does
not expend any resources at all. The reason is that if all other firms either are
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inefficient or are efficient but fail to find hard information, a firm wins the
monopoly with probability 1/n.11

There are also other, strategically more important, differences between this
model and Tullock’s. In the present model, the cross-derivative of the objective
function Vg (yig,y) is zero for n = 2, which means that each firm has a strictly
dominant strategy; and it is negative for n > 3 (for the proof of this, see Appen-
dix B), which means that the firms’ choice variables are (loosely speaking)
strategic substitutes.!? In contrast, in Tullock’s model the rent seekers’ choice
variables are (globally) neither strategic complements nor strategic substitutes,
as the sign of the cross derivative depends on the relative magnitude of the own
and the rivals’ choice.

Moreover, the term in (3) that corresponds to v, the value of winning the
prize in Tullock’s model, is not (as one might have expected without giving it
much thought) equal to Ex = (1 — u) 7y + pmy, but to wg. This is not just
because the objective function in (3) is calculated conditional on knowing that
the firm is efficient; we would get the same result if we instead had assumed
that the firms do not know whether they are efficient or inefficient when choos-
ing their rent-seeking investment (as suggested in footnote 8). The reason why
g, and not Ex, is what matters is that the investment choice is made with an
eye towards the firm’s profits conditional on being efficient — the point with
expending y;z is that it may help the firm prove that it is efficient. (The same
logic explains why y;; = 0.) Similarly, in an alternative model in which the firms
did not know initially whether they were efficient or inefficient, the choice of
investment level would be a function of 7z, not of Exr.

Firm i’s problem is to maximize (3) with respect to y;, taking the other firms’
behavior (i.e., y) as given. The first-order condition to this problem is

Vi Girt,y) _ [1 —[1—ne (y)]n_l] @' (yirr)
yin ne ) n

m—1=0. (5)

The assumption that limy,,, .o ¢’ (yiz) = oo guarantees that y;;; = 0 is not opti-
mal. Also, let us assume that the parameters are such that the y;z that solves
(5) satisfies ¢ (yirr) < 1 (for example, that 7z is not too large).

In a symmetric equilibrium we must have y;;; =y = y*. Plugging this into (5),
we obtain the following result (the uniqueness claim is proven in Appendix C).

Proposition 1 For any n > 2, there exists a pure strategy symmetric equilibrium.
Within the class of symmetric equilibria, this equilibrium is unique, and it is

' From (4) we see that P (0,) is equal to the product of 1/n and [1—ne (}7)]"71, the latter being
the probability that all other n — 1 firms either are inefficient or are efficient but fail to find hard
information.

12 This is only “loosely speaking” because we have assumed that the value of all other firms’ choice
variables, y, are identical (before and after the infinitesimal change).
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characterized by
[ L7070 0)
1 () n T om
We also have the following comparative statics results (proven in
Appendix D).

(0)

Proposition 2 The equilibrium investment level y* is strictly increasing in mwyy,
and (for n > 3) it is strictly decreasing in .

The second result is the only one that is not obvious. The reason why the
equilibrium investment level is decreasing in u is that (for n > 3) the players’
choice variables are strategic substitutes, and a larger ; means that it is more
likely that firm i’s typical rival is of a type who chooses a positive investment
level.

Among other things, we are interested in what happens to aggregate expen-
ditures as n goes to infinity. To investigate this, we first need the following results
(proven in Appendix E).

Lemmal Asn — oo, y* — 0.

Lemma2 Asn— oo, [1 — g (y*)]n_1 — 0.

Lemma 2 tells us that the probability that (all other) n — 1 firms lack hard
evidence showing that that they are efficient goes to zero as n goes to infinity.
Define expected total expenditures as TE (y*) = nuy*. By (6),

[ (1= 1o )" [ (%) = nasy” = TE (7). )
where
n(y) = )y
)

is the elasticity associated with the function ¢ (-).13 (Note that by concavity of
¢ (), n(y) < 1 for all y.) By taking the limit of (7), using Lemmas 1 and 2 and
the notation » (0) = limy_. 1 (y), we obtain the following.

Proposition 3 In the limit as the number of firms goes to infinity, expected total
expenditures equal the monopoly profits for an efficient firm times the elasticity
n (y) evaluated at zero:

lim TE (y*) =1 (0) 7g.

n—00

13 Note that the inverse of ¢ (+), call it C (-), gives us the cost a rent seeker must incur in order to
benefit from a particular probability of finding hard information. The elasticity  (y) can therefore
be interpreted as the inverse of the elasticity associated with the function C (-), or the inverse of
the cost elasticity.
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Apparently, the parameter R in Tullock’s model corresponds to 1 (0) in the
present model, in the sense that this parameter tells us what fraction of the rent
seekers’ prize will be dissipated by expenditures as the number of rent seekers
goes to infinity.

5 Welfare

Suppose all n firms invest the same amount, y, if they are efficient and zero
otherwise. Given y, let EW (y) be defined as the ex ante expected social welfare,
net of expected total expenditures:

EW@y) =[1-0—pne)'|Wa+1 —pue )" [AWH+(1 — ) W]
—TE (y), (8)

where .
. /tl[ ¢ ] ©)
— K ()
is the probability that a firm that has not provided hard information showing
that it is efficient nevertheless is efficient (this can be derived by using Bayes’
rule). Note that, quite intuitively, & < u for any ¢ (y) > 0.

The first term in (8) is given by the product of (i) Wy (social welfare if having
an efficient firm) and (ii) the probability that at least one of the » firms indeed
is efficient and finds hard information showing this. The second term in (8) is
given by the product of (i) the probability that none of the n firms is efficient
and finds hard information showing this and (ii) expected social welfare given
that the firm being granted the monopoly is efficient with probability . The
third term in (8) is the expected total rent-seeking expenditures. Substituting
(9) into (8) and simplifying we have

EW(y) =Wy —(1-wd—pp@)" AW -TE(y), (10)

where AW = Wy — W

We may ask two questions about EW (y). First, if a planner could choose the
y that maximizes EW (y), call it y", how would this relate to y*? That is, in the
equilibrium of the model, does an individual firm spend too much or too little
resources on rent seeking, relative to the socially desirable level? Second, if we
evaluate EW (y) at y = y*, will this expression be increasing or decreasing in the
number of firms, n? That is, is more competition among the rent seekers good or
bad for welfare in this model where the influence activities have informational
foundations?

To answer the first question, let us differentiate EW (y) and set the result-
ing expression equal to zero, thus obtaining the following first-order condition,
which implicitly defines y":

A= =1 (1= pe (") ¢ (") AW —n =0. (11)
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The assumption that lim,_.¢ ¢’ (y) = oo guarantees that y* = 0 is not optimal.
Let us also assume that the parameters are such that the y" that solves (11)
satisfies ¢ (y") < 1 (for example, that AW is not too large).

In general, y" may be either smaller or larger than y*. However, comparing
(11) and the first-order condition that defines y*, (6), we can make the following
three observations: (i) The “prize” that matters for society is AW: the differ-
ence in social welfare between having an efficient firm and having an inefficient
firm. In contrast, as we noted above, a firm that chooses y;; cares about 7y,
its profits conditional on being efficient.!* As a consequence, even if society’s
and an individual firm’s incentives were aligned in the sense that Wy = my
and Wy = mr, the firm would still invest too much if 7y is sufficiently close to
ny , regardless of the values of the other parameters. (ii) For n = 2, the two
first-order conditions can be written as

1-wAwW 1

= 12
2 @ ™) (12)
and 1
TH
e 13
2 90 (13)
This means that, for this case,
yW E ytas (1 —pu) AW z TH. (14)

Consistent with observation (i), we see that 77 does not enter the condition in
(14), only AW and 7g do. In addition (12) and (13) tell us that whereas the
firm’s choice does not depend on p, society’s optimal choice of rent seeking
investment is decreasing in w. In particular, for any values of AW and 7y (e.g.,
for AW being much larger than 7z7) the firm will spend too much resources on
rent seeking if the probability u is sufficiently close to one. Intuitively, if u is
close to unity, society knows that a firm that it picks just by random is likely
to be efficient; thus, it is in society’s interest that only a very small amount of
resources is spent on rent seeking. In contrast, the firm does not take this into
account; it expends the same amount on rent seeking for all values of w . (iii)
Again making use of the first-order conditions that define y* and y", we see
that (now for any arbitrary ») in the limit as  approaches 1, y" approaches 0
whereas y* approaches some strictly positive number (the intuition being the
same as the one discussed under observation (ii)).

In order to answer our second question — whether EW(y*) is increasing or
decreasing in n — we can evaluate (10) at y = y* and then rewrite it using (7),

14 As discussed previously, the reason why the firm cares about ny7 rather than Ex is not just that
it knows that it is efficient; it would make its choice contingent on being efficient also if it made the
choice at an ex ante stage. The reason for this is that the point with expending y;z is that it may
help the firm prove that it is efficient.
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thus obtaining

1—pn) AW
EW(y*)=,LLWH+(1—/L)WL+TE(y*) |:¢— ]

wan ()

It follows that, if the elasticity 5 (y) is constant (i.e., n (y) = ), then

(15)

JEW (") [(1 —WAW 1] 9TE (")
on - THY on

We therefore have the following result.

Proposition 4 [f the elasticity n (y) is constant and if TE (y*) is increasing in n,
then

IEW (y*)
T(y Z Oas (1 —,u,)AWE NITH.

The important implication of Proposition 4 is that, even if TE (y*) is increas-
ing in n,”> EW (y*) is not necessarily decreasing in 7. This result stands in sharp
contrast to Tullock’s model (although there, the fact that a larger number of
rent seekers is bad for welfare follows immediately from the assumption that
more expenditures is a bad thing). In particular, provided TE (y*) is increasing
in n, EW (y*) is increasing in n as well if (1 — u) AW > nmpg. This inequality
will be satisfied if: (i) AW is large, so that society cares a lot about whether an
efficient or an inefficient firm is granted the monopoly; (ii) w is small, so that
the prior probability that a firm is efficient firm is low (which makes it more
desirable to have many firms to choose among); (iii) 7y is small, so that an
efficient firm does not have a lot to gain from being granted the monopoly; and
(iv) n is small, so that the amount of expected total rent-seeking expenditures
with many firms is small.

When the inequality is reversed, so that (1 — u) AW < nry, EW (y*) is
decreasingin n whenever TE (y*) isincreasing in n, just as is assumed in Tullock’s
model. For the special case (1 — u) AW = nmy, EW (y*) is constant with respect
to n; in particular, EW (y*) takes the same value evaluated at n = 1 as it does
in the limit as n goes to infinity:'®

EW (y*) lnei= uWhy+ (1 — )W = Wy — nrg = Jim EW ().

15" Although it remains to be proven analytically, TE (v*) appears to be increasing in n for all
parameter values of the model, at least as long as the elasticity 7 (y) is constant (see the examples
in the next section).

16 The model does not formally allow for n = 1. However, it is straightforward to see that a firm
that does not have any rivals will not spend any resources on rent seeking: y* |,,—1= 0.
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210 J.N. M. Lagerlof

6 Numerical examples

In this section I will study some numerical examples that illustrate the results
in the two previous sections. Rewriting the first-order condition that defines
v*, (6), we have

Y= F»—[l—-uw(y*ﬂn_l]ﬁi%gfzi- (16)

Similarly, rewriting (11) yields

n2 L=pw) (n=Dn (") e ") AW

YW= (1= e (")) .

(17)

Using (16) and (17) — and given functional forms for ¢ (-) and values of the
parameters — we can easily (using, for example, a spreadsheet program like
Excel) calculate values of y* and y" by first guessing a value, substitute this
into the right-hand side of (16) and (17), respectively, thereby obtaining a new
guess, which again can be substituted into the right-hand side of the relevant
equation. After sufficiently many iterations, this procedure will give us a good
approximation of the unique solution to the equation.
As an illustration, let us assume that

S

which implies that n (y) is constant and equal to 0.5. Moreover, let © = 0.5,
Wy = 500, and Wy = 100 (so that AW = 400). Given these functional forms
and parameter values, y* and y" have, for various values of n, been calculated

using six alternative values of 7z:!’

my € {100,200, 400, 600,800, 1000} .

In addition, using the calculated values of y* and y", the associated levels of
expected total rent-seeking expenditures and of expected welfare have been
calculated. The six different values of g were chosen to make sure that: for
€ {100,200}, EW (y*) is increasing in n whenever TE (y*) is increasing in
n; for 7y € {600,800,1000}, EW (y*) is decreasing in n whenever TE (y*) is
increasing in n; and for 7y = 400, EW (y*) is constant with respect to n.

The results are reported in Table 1, and graphs of EW (y*) as a function of n
for the six different values of 7y are shown in Fig. 1. The table shows that for

I7 1t has also been verified that, given the chosen parameters, the assumptions that ¢ (y*) <1land
¢ (") < 1 are satisfied.
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Fig.1 Welfare with eq. rent-seeking levels

all six cases TE(y*) is increasing in n. We also see, however, that y* is, in all our
examples, not monotone in 7.

In summary, Table 1 and Fig. 1 illustrate the insight from Proposition 4 that
in this model of rent seeking with informational foundations, expected welfare
is not necessarily increasing in the number of rent seekers just because the
total rent-seeking expenditures are. Competition among rent seekers may be
good. In particular, we obtained this result for relatively low values of wf7, as
in those cases the rent seekers’ benefit from rent seeking is small relative to
society’s.

7 Summary and concluding remarks

This paper has developed a model of rent seeking with informational foun-
dations and with an arbitrary number of rent seeking firms. In general in this
model, the firms’ incentives to spend resources on rent seeking will obviously
differ from society’s, as the firms care about their own expected profits and
not about social welfare. What the analysis revealed and which is less obvious,
however, is that the firms will choose their rent seeking investments with an
eye toward their profits conditional on being an efficient (as opposed to ineffi-
cient) firm, the reason being that the point with doing rent seeking is that this
may provide evidence that the firm is efficient. Society, on the other hand,
would like the choice of rent seeking expenditures to be made with an eye
toward the difference in social welfare between having an efficient firm and
having an inefficient firm — for it is this difference that society can gain by,
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thanks to the additional information, being able to grant the monopoly to an
efficient firm rather than an inefficient one. To the extent that this difference
is smaller than the firm’s profits conditional on being efficient (which seems
to be a natural possibility, as the latter is a profit level and not a difference),
the rent seekers will tend to — in the spirit of the rent-seeking literature — have
a too strong incentive to invest in rent seeking from a social welfare point
of view.

The analysis also showed that in the limit as the number of firms approach
infinity, the total expected amount of rent-seeking expenditures equal a con-
stant n (0) times the perceived prize, where this constant is equal to the inverse
of the elasticity of the cost function associated with information acquisition
(evaluated at zero). Thus, the constant n (0) is a direct analogue to the parame-
ter R in Tullock’s model. Most importantly, the microfoundations of the model
in the present paper allowed us to conduct a meaningful welfare analysis. In
particular, I derived a condition that determines whether expected welfare and
total rent-seeking expenditures move in opposite directions or in the same
direction when the number of rent seekers increases. For many configurations
of the parameters, expected welfare increases as the number of rent seekers
becomes larger, which means that competition among rent seekers may be
welfare-enhancing.

Let me conclude by briefly discussing a couple of possible extensions and
variations of the model. First, as already mentioned in footnote 8, instead of
assuming that each firm at the outset has access to full (but only soft) informa-
tion about its own efficiency, one could say that a firm faces the same uncer-
tainty about its own efficiency as do the other firms and the regulator. One can
show, however, that — because of the simple, linear structure of the model —
this assumption would in many regards yield very similar results.!® Second, I
assumed that the firms can, at a cost, obtain hard evidence that confirms their
true type. Alternatively, one could have assumed that the inefficient firms can
in addition fabricate (false) evidence showing that they are efficient, and that
doing this is costly for the firms. In such a model, expenditures on fabrication
of evidence cannot have any social value. Therefore, we should expect that the
possibility of fabrication would add to the social costs of rent seeking. Because
of the same reason we should also expect the set of circumstances under which
expected welfare increases as total rent-seeking expenditures increase to be
smaller.!”

18 The fact that the analysis under this alternative assumption would be very similar is quite sig-
nificant. The present model could be criticized for allowing the regulator to use only a very limited
set of instruments: if the regulator were able to commit to a somewhat richer mechanism, he would
easily be able to implement the first best. However, under the alternative assumption that each
firm faces the same uncertainty about its own efficiency as do the other firms and the regulator,
implementing the first best would be much less straightforward.

19 Lagerlsf and Heidhues (2005, Section 6.4 and Appendix A) discuss the consequences of this
kind of assumption in the context of a model that is similar to the one in the present paper (but
with a single rent seeker).
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Appendix A: Proof of Eq. (2)

Since (”;1) = (kil)%’ we can write

= (n - 1) (e DNF A = pp ()" 17F
k k+1

=~

=0

12 n ok ~—1—k
=;Z(k+1) (np (IN* (A = pg (7))

k=0

1 n—1

_ n ) Syt S yyr— (kD)
=—> (ne (PN (A = g (3)) :
mp(y)nkzo(k+1

Defining m = k + 1, we can rewrite the last line as

1 n
— (”) (o (3™ (L = g (7)™
ne (y)n = \m
1 " n 1 n
= TN (1— = n—m_—A 1— ~\\ 1
W(y)n%(m) (e IN™ A—pe (3)) W(y)n(o)< 1 (9))
1— (1 —pp ()"

pe (y)n
where the last equality makes use of > o (1) (ue (3)" (1 — up (3" =1
and () = 1.
Appendix B: Proof of the claim about strategic substitutes for n > 3

We need to show that 82V (yir7,¥) /dyindy < 0 for n > 3. Differentiating (3)
yields

3*Vin Yin.y)
Ayirdy
ue' M =D=M 0@ —¢' @ [1-[1 - e ]|
[e ]
8 ¢ (Vin)
un
=¢' () [[1 — e M) [ =2 pe (3) +1] - 1] X Lﬁ)z-
un e (3)]
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We thus need to show that

[1— e M) [ =2 ue ) +1] <1

for all n > 3. This will be done by mathematical induction. One can easily show
that the inequality holds for n = 3. Suppose it holds for some n = m (> 3). The
left-hand side of the inequality evaluated at n = m + 1 can be written as

[1—ne D] [m =1 ue () +1]
= [1 = e M1 = e H]" 2 [0n =2 e () + 1 + up (3)]
= [1—1e D] [1=1e D] [m=2) o ) +1] +[1 = e D] 1 ()
<[1=meM]+[1 = e D]" " ne ®
<[L=ne ] +[1 = 1o M ue ) =1-[ue M <1,

where the first inequality follows from the induction assumption and the second
and third by the fact that up (y) < 1. O

Appendix C: Proof of Proposition 1

The existence and characterization of the symmetric equilibrium is proven in the
text. To see that the equilibrium is unique, first notice that the right-hand side of
(6)is strictly increasing in y*, due to the concavity of ¢ (). Second, differentiating
the left-hand side of (6) with respect to y* yields — [1 — g (u, ¢ (v*) ,n) | 7r¢’ (v*)

/e (y*)]2 un, where

g (e () .n) = (1 - ue (%) [1 + (1 —2) ue (y*)]

It thus suffices to show that g (11, ¢ (y*),n) < 1forally* € [0,1]. Differentiating
g with respect to y* yields

d 5 * 5 / * * N
BULEODI g 3) g () = 1)) (1 ()
<O0forall ¢ (y*) € [0,1].

Hence, for all ¢ (y*) € [0,1], g (i1, (v*) 1) < g (.9 (v*) ,7) |yr—0= 1. o

Appendix D: Proof of Proposition 2

First consider the claim about . Differentiating both sides of (6) w.r.t. u yields

d (LHS) n d (LHS) % _ o" (y*) %
I ay*  ou [(0/ (y*)]Z o’
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where LHS is short for the left-hand side of (6). From Appendix C we have
that 9 (LHS) /dy* is strictly negative. Moreover, the same must be true for
9 (LHS) /o (since ¢ (y*) and pu have symmetric roles in the left-hand side of
(6),and ¢’ (y*) > 0). In addition, ¢” (y*) is negative. It follows that dy*/du < 0.

The claim about g7 is very straightforward given the above arguments and
the proof is therefore omitted. O

Appendix E: Proof of Lemmas 1 and 2

Proof of Lemma I Suppose per contra that lim,_, o, y* = y, > 0, so that go(y/) €
(0,1) and ¢/(y') > 0. Then the limit of the right-hand side of (6) as n goes to
infinity equals 1/¢’(y"), which by assumption is strictly positive. The limit of the
left-hand side, however, equals zero. O

Lemma A1 Asn — oo, ¢ (y*)n — oc.

Proof First note that, by Lemma 1, the right-hand side of (6 ) goes to zero as
n — oo. If Lemma Al does not hold, then either (i) ¢ (y*) goes to zero at the
same speed as 1/n or (ii) ¢ (y*) goes to zero faster than 1/n. In either case, the
numerator of the left-hand side of (6) must go to zero as n — oo, for otherwise
the equality would not hold in the limit. In case (i), however, we can write

-1
lim (1—pe(y*)""" = lim (1_ﬁ)” ,

n—o0 n—o0 n

which can be shown to equal e™* (> 0). In case (ii), both the numerator and the
denominator of the left-hand side of (6) go to zero, so we can use I’'Hopital’s
rule (once) and then simplify:

sy —1
fim L= e )T
i Z e 0 [lon 0 - 07) — i 07 7]

Ty oo (1 — g (7)) [lim,Hoo (%) iy o0 ((p/ ) %) —lim,,_ o0 [log (1 — g (y*))”

123 (limnaoo @ (y*) + limy— o0 nlimy . 0 " (y*) %)

As the numerator of the left-hand side of (6) goes to zero, lim,_ .o
(A — pe(y)*! = 1. Moreover, by Lemma 1, lim,—oo ¢ (V%) = lim,y— o
[log A —pe (y*))] = 0. The previous expression therefore simplifies to

imyos (257555 ) mnoce @' 0%) B limnos (i)

im0 nlim,— o0 @’ (y*) ‘LLH lim,—s o0 1t

This is strictly positive, whereas the limit of the right-hand side of (6) is zero.
]
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We can now prove Lemma 2. By Lemma Al, ¢ (y*) goes to zero slower than
1/n. Hence, for n large enough, ¢ (y*) > 1/n, which implies ¢ (y*) > 1/n# for
some S € (0,1). This means that, for such large n’s,

(1—up () = (1-2)"

One can show that as n — oo, the right-hand side of this inequality goes to
zero; therefore, so does the left-hand side. O
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