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Abstract

We consider consumer search in markets for new products, where consumers are
initially unaware of the product’s existence. Two firms sell differentiated products
and may advertise to inform some fraction of consumers. Yet, consumers that are
informed about the existence of the product in that manner, may also decide to
seek out other firms selling a similar product. In the context of a search model
with differentiated products, we show that if search costs are low, firms are likely
to underadvertise. Informing an additional consumer then implies that it is likely
that she will also check out the competitor’s product, giving firms an incentive to
try to free ride on the advertising effort of their competitor. Yet, if search costs
are high, firms will overadvertise. Advertising then becomes worthwhile even if it
reaches consumers already informed by the other firm, as that makes it more likely
that this consumer will visit you first. This leads to socially wasteful duplication of
advertising efforts.
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1 Introduction

Models of informative advertising typically assume that a consumer only knows that a firm
sells a particular product when she sees it advertised by that firm. The classic models in this
literature typically assume that a consumer compares the firms from which she has received
an offer, and buys from the one offering the best deal (see in particular Butters, 1977, and
Grossman and Shapiro, 1984.).

Yet, especially in the case of novel products, an ad may not just inform a consumer that
a firm sells a particular product: it may also inform her of the very existence of that product.
Suppose for example that a consumer sees brand A advertising a smartwatch. Before seeing
that ad, she may not have been familiar with the existence of smartwatches altogether. After
having seen the ad of brand A, she may consider its product, only to realize that there may well
be other firms that also sell smartwatches as well. She may then decide to check out these firms
as well, and ultimately end up buying brand B’s product. In that case, brand B has effectively
free ridden on the advertising effort of brand A.

It is exactly this scenario that we consider in this paper. We study a duopoly model of
consumer search with differentiated products along the lines of Anderson and Renault| (1999)) or
Wolinsky| (1986). A consumer is initially unaware of the existence of the product. She becomes
aware if she sees it advertised. The costs of advertising to a firm are convex in the fraction of
consumers that is informed.

A classic question in the literature on advertising is whether the market provides too much
or too little advertising from a welfare perspective, see e.g. the excellent survey in [Bagwell
(2007)). We also ask that question in our model. The answer is not a priori clear: on the one
hand, the possibility of free riding may result in an advertising effort that is too low, but on
the other hand, the market may also provide a wasteful duplication of advertising effort.

If the consumer only sees an ad of firm A, she will visit that firm first. After having done
so, she may decide to figure out whether there is a second firm offering the same product. The
costs of doing so and visiting that firm are her search costs. If these are sufficiently low, she may
indeed visit firm B to see whether its product is more to her liking. On the other hand, if she
only receives an ad from firm B, she will visit that firm first, but may also decide to visit firm A

afterwards. If she receives ads from both firms, the first visit is determined at random, Hence,



in our model, firm B may free ride on the advertising efforts of firm A, But, if that occurs, firm
A at least has the advantage that a consumer that sees its ad will visit firm A first.

We find that, in a competitive market, the fraction of consumers that is informed in equi-
librium is increasing in search costs. As search costs increase, a consumer that visits a firm is
less likely to walk away and check the other firm. Hence, from the point of view of an individual
firm, the returns to investing in advertising increase in consumer search costs. Next, consider a
social planner that could dictate advertising levels. She would choose to decrease the fraction
of informed consumers as search costs increase. Higher search costs mean that the net surplus
of any consumer will be lower. Hence, from the point of view of a social planner, the returns to
investing in advertising decrease in search costs.

The above implies that, under some weak conditions on the advertising technology and the
distribution of match values, we have that there is underadvertising if search costs are sufficiently
low, but overadvertising if they are sufficiently high. With low search costs, firms have little
market power and consumers are likely to also visit the other firm. Hence, firms are tempted
to free ride on each other’s advertising. For high enough search costs, this effect vanishes and
instead there is duplication of wasteful advertising efforts.

We are surely not the first to study the interplay of advertising and consumer search. Most
closely related to our paper is probably Haan and Moraga-Gonzalez (2011), where the con-
sumers’ order of search is determined by the number of advertising messages they see from a
particular firm. In that paper, advertising is purely combative; it does not affect the market out-
come and hence there is always overadvertising. In our paper, advertising has a social function,
as it informs consumers of the mere existence of a product.

Other work that looks at the relation between advertising and match values include Meurer
and Stahl (1994), where firms can advertise match values, and Johnson and Myatt (2006), where
advertising affects the distribution of match values. In Johnson (2009) firms can use ads to send
signals about match values, but consumers can choose to block those ads. In Loginova (2009)
consumers have an imperfect memory for the ads that they have seen. Papers that combine
advertising and consumer search but in the context of homogeneous products include [Robert
and Stahl| (1993), Janssen and Non (2008)), McCarthy| (2016|), and [Shelegia and Wilson| (2021).

The remainder of this paper is structured as follows. In Section [2| we present the model. We

solve for the market equilibrium in Section [3] The problem of the social planner is considered



in Section [l where we also compare the market outcome with the social optimum. Section

illustrates our model for the case of a uniform distribution of match values. Section [6] concludes.

2 The Model

The basis of our analysis is the canonical model of search with differentiated products introduced
by Wolinsky| (1986), and further popularized by [Anderson and Renault| (1999). Consider a
market where 2 firms sell differentiated products to a unit mass of consumers. Marginal costs

are constant and normalized to zero. Consumer ¢ derives utility

Uij = U+ Eij — pj (1)

if she buys from firm j at a price p;, j € {1,2}. The parameter v is the stand-alone utility of
consuming the product: it is sufficiently high such that the market is always covered (in the
sense that all informed consumers buy) in equilibrium. A necessary condition to have that is that
v > 1. The match value ¢;; reflects how much this consumer likes the product of firm j, and is
the realisation of a random variable with distribution F' and continuously differentiable density
f with support normalized to [0, 1]. We follow the convention in the literature and assume that
1 — F'is log-concave. Firms cannot observe ¢;; so price discrimination is not feasible. Consumers
must incur a search cost s to visit firm j and learn price p; and match value €;;. The consumer
searches sequentially with perfect recall.

In this framework, we assume that each firm can engage in advertising to inform consumers
about the existence of the product sold on this market, and the fact that this particular firm
sells that product. Crucially, we assume that firms do not advertise their price, and can also
not provide information that would allow consumers to learn their match valueE

A firm can inform a fraction ¢ of consumers at a cost ¢(¢), with ¢(p) > 0if ¢ > 0, ¢(0) = 0,
and ¢’(¢) > 0 for all ¢. A consumer that only receives an ad from firm k will visit firm & first,
and has to incur search costs s to do so. After having visited the first firm, she decides whether
to also search for an alternative firm that offers the same product. For simplicity, we assume

that the search costs of finding that firm and checking out its offer are also s. A consumer that

ITo allow for price advertising, we could use a directed search model as the basis for our analysis, see
e.g. [Haan et al| (2018). But that would greatly complicate the analysis.



is informed by both firms randomly determines which firm to visit first. Also in that case, each
firm that she checks out will cost her s. After having visited the second firm, a consumer may
decide to go back to the first firm as, with hindsight, she prefers the offer of that firm. Doing
so does not entail any additional costs.

The timing is thus as follows. First, firms simultaneously decide on advertising and prices.

Second, consumers search sequentially.

3 Solving the model

We look for an equilibrium price p* and an equilibrium fraction of consumers @* that each firm
informs. In equilibrium, suppose that an informed buyer visits firm j first, and finds a match
value g;;. Her expected benefit from visiting the other firm is given by g(e;;) = f;j (e—€4ij) f(e)de.
An additional search is worthwhile only if this benefit exceeds search costs s. We denote the €;;

for which this holds as €. Hence € is implicitly defined by

1
5= / (e — &)f(e)de. ()

With the usual arguments, such a & always exists, provided that s < E(e;;).
To find the equilibrium, suppose that firm £ uses (p*, ¢*), but j sets some (p;, ¢;). For ease

of exposition, denote A = p; — p*. Demand for firm j then equals

st =i ) (el
o+ (=] [ Fle= AP,

This can be seen as follows. A consumer that visits firm j will buy there if ;; > & + A.
If j is visited first, it thus makes a sale with probability 1 — F(¢ + A). If the other firm, k,
is visited first, j will make a sale with probability F(¢)(1 — F(é + A)), as this consumer first
has to decline k’s offer. A consumer visits j first if she receives an ad from j and not from k,
and with probability 1/2 if she receives an ad from both. The probability that j is visited first
thus equals (1 — ¢*) + ¢;9*/2 = ¢;(1 — ¢*/2). Similarly, k is visited first with probability

©*(1 — ¢;/2). Taken together, this implies the first term. The second term reflects consumers



that find a match value that is too low at both firms, but return to j as they have the best
match there. This applies to all informed consumers, which is a fraction ¢; + (1 — ¢;)¢*.

Profits of firm j are given by

i (pj, 0j: 0", ") = pj - Dj(pj, 050", ¢") — c(w;). (4)

Maximizing with respect to ¢; and p; yields first-order conditions

aﬂ'j 8Dj ’
—= = pi=—=—c =0 5
890]' J acpj (QOJ) ( )
on; 0D;
L Dj+pj—2L =0, 6
8pj J pj apj ( )

Dj(p",¢") = ¢ <1—;¢*>

gij o = [1 — " (1+ F(é))] (1-FE)+=01- w*)F(5)2
= %(1—F(é))2+%(1—¢*)

% = =¥ —5¢" - F( € ) 2(e)de

W |pe e 4 <1 %0> (1—F( ))f()+2/0f()d]

Plugging these back into and @ and solving for the equilibrium then yields the usual
expression for the equilibrium price:
. 1

= . , 7
T A FE @) 12 e "

Note that in equilibrium, both firms inform the same fraction of consumers, and hence receive
the same share of first visitors. Hence, in equilibrium the only difference between the standard
model of search with differentiated products and our model, is that the standard model has a
mass of consumers 1, and ours has an equilibrium mass of consumers that equals ¢*(2 — ¢*) —
the fraction of consumers that is informed in equilibrium. But of course, the mere fact that we

have a different mass of consumers does not affect equilibrium prices.



From the analysis above, the equilibrium fraction of informed consumers is implicitly defined
by:

* 1 A 1 * *
b 50— FE)? +5(1-¢")| = (o) (3)
We can now show the following;:

Proposition 1 (Comparative statics market equilibrium). The equilibrium price p* and the

equilibrium fraction of informed consumers per firm ¢©* are both increasing in search costs s.

Proof. Note that an increase in search cost implies a decrease in the search threshold £. We
thus have to show that p* and ¢* are decreasing in €. Since is the same equilibrium price as
in |Anderson and Renault| (1999), it follows from their Proposition 1 that p* is decreasing in &
due to log-concavity of 1 — F'. Using and making the dependency of p* and ¢* on £ explicit,

we have:
1 1

p(E) |51 = FE)* + 51— 0(@)| =(¢)

Differentiate both sides with respect to € and solve for ¢/():

P [5(1 - F(€)* + 5(1 — 9()

(6) = !
A (@) + 3p(2)

Since p'(¢) < 0 and ¢”’(+) > 0, we see that ¢/(¢) < 0 and the fraction of informed consumers is

decreasing in €. |

First note that our result on the equilibrium price is standard in this literature: an increase
in search costs gives a firm more market power vis-a-vis the consumers that visit its firm; having
higher search costs means they are less likely to walk away. The effect on equilibrium advertising
is novel. As higher search costs mean that each visiting consumer is more valuable (first, because
they are less likely to walk away, and second, because equilibrium prices will also be higher),
firms are willing to invest more in trying to attract those consumers.

Note that the comparative statics for an upward shift of the marginal cost of informing
consumers is straightforward. Equilibrium price (cf. eq. [7)) is unchanged. The left-hand side of
is the marginal profit of informing consumers and it is decreasing in ¢*. The right-hand
side of is the marginal increase of informing consumers and it is increasing in ¢*. Hence an
upward shift of the marginal cost leads to a lower fraction of consumers being informed. It is a

standard result that equilibrium profit decreases.
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4 Welfare

In this section, we derive the advertising levels that would be preferred by a social planner. We
thus assume that the two firms still use the same advertising technology and use the same levels
of advertising, and prices are set competitively.

For simplicity, we will henceforth assume that c(y) = %agpQ, where a > 0 is a parameter.
This allows us to find an explicit expression for ¢*. From we have:

P+ (1 -F(E)?)
N 2a + p*

Note that ¢* <1 if and only if a > p*(1 — F(¢))%. In the remainder of this paper, we assume
that to be the case. For lower values of a, we would have a corner solution with ¢* = 1.
Consider a consumer that is informed. Denote the (ex ante expected) gross utility she will
obtain as U: this includes stand-alone value v, plus the expected match value she will end up
with, minus her expected search costs. The total number of consumers that ends up informed

equals 1 — (1 — ¢)% = ¢ (2 — ¢) . Total welfare then equals

W =0(2—¢)U—ap’

Conditional on being informed, all consumers buy in equilibrium, which implies that the equi-
librium price p* does not enter the expression for welfare. Hence, total welfare only depends on
the number of informed consumers and the gross utility they end up with on the one hand, and
the total costs of advertising on the other.

Maximizing W with respect to ¢ yields

A
I

a+U

which is always an interior solution.
To further evaluate ¢, we have to pin down U. Note that with probability F'(¢), a consumer

will do a second search, hence we can write

U=v+E(es)— (1+F(é))s,



with €5 the match value she will end up with. With probability F(¢)?, she finds a match value
at both firms that is lower than £; in that case, she gets the highest of the two. With probably

1 — F(¢)?, she ends up with a draw above €. Hence, her expected match value is
E(ey) = F (8)% E (max {e1, €2} | max {e1, 2} < &) + (1 _F (5)2) E(cle > é)
From ([2) we have that s = (1 — F(é))E (¢ — é|e > €). This implies
E(ey) — (14 F(8))s = F (¢)> E (max {e1, &2} | max {e1, 2} < &) + (1 — F(8))

which implies

U:v+2/ésf(6)F(z—:)d5+é(1—F(é)). (9)
0
We can now show:

Proposition 2 (Comparative statics social optimum). The optimal fraction of informed con-

sumers per firm ¢ is decreasing in search costs s and advertising parameter a.

Proof. We first derive the comparative statics with respect to s. Differentiating the expression

for ¢ with respect to U yields:
o, a
% T
Hence it suffices to show that U is decreasing in s. For any value of s, there is an optimal
strategy associated with it, i.e. continue searching if the match value is below £(s) (to make

the dependence on s explicit). The (ex ante expected) gross utility U(s, €) depends on both the

threshold € and search cost s. Note that £(s) € argmaxg U(s, €). Suppose s’ > s. Then:
U(s',é(s) < U(s,é(s") < U(s,€(s)),

where the first inequality follows from the fact that the consumer follows the same search
strategy and hence has the same distribution over the number of searches (but the search cost
is less). This establishes that U is decreasing in s.
For the comparative statics with respect to a, differentiating the expression for ¢ with
respect to a yields:
dp U

da (U +a)? <0

9



Hence, contrary to the market outcome, we have that the socially optimal level of advertising
is decreasing in search costs. As search costs increase, the gross utility U that each consumer can
expect to earn from participating in the market, decreases. Hence, the returns from investing
in advertising also decrease, so a social planner would do less of it.

We now have:
Proposition 3. Comparing the market outcome with the social optimum, we have the following:
1. For sufficiently low search costs, there is underadvertising.

2. For sufficiently high search costs, there is overadvertising if and only if

< 2a+v.

f(0) <

2av (10)

3. If condition is satisfied, there is a cut-off value of search costs 5§ such that there
1s underadvertising if s < 8, and overadvertising if s > 5. If it is not, there is always

underadvertising.
Proof. First note that we have overadvertising, hence ¢* > ¢ whenever

14+ (1—F (&) U
2a + p* a+U

Rewriting yields
ap* (1 +(1-F (é))2>

U< -
2a — (1 - F(é))"p*

(11)

(Note that the denominator is strictly positive under the assumption that ¢* < 1).

Suppose s — 0, hence £ — 1. We then have
E(&“S) =F (6(2)) 5
with (o) the highest-order statistic of two draws from F. Condition then collapses to

p*
v+ E(gg)) < 5 (12)

10



With ¢ — 1, we have p* = 1/2 fol f?(e)de, Necessarily fol (f (6) —1)*de > 0, which implies
fol (f (e)* —2f (e) + 1) de > 0. But fol f(g)de = 1, hence fol f(e)*de > 1 s0 p* < 1/2. With
v = 1, this implies that is never satisfied. Hence, there is underadvertising in that case.

Now suppose é — 0, which implies s — FE(¢). In that case E(es) = F (¢le > 0) = E (¢), so
U=v+ E(e) — s =v. Condition then collapses to

2ap*
v < P

2a — p*’

With v = 1, this implies that we need p* > 2311. This is always satisfied if p* = 1/f(0) > 1

or f(0) <1.
Monotonicity of the difference between ¢* and ¢ follows directly from Propositions [1| and
Since ¢* is increasing in s and ¢ is decreasing in s, there is at most one point, s = § where

the two coincide.

Note that condition is relatively mild. For example, with v = 1, it is always satisfied if
£(0) < 1. Sufficient for that to hold is that f’ > 0 — a condition that is often imposed in similar
models.

Proposition [3] shows that, under mild conditions, the market provides overadvertising if
search costs are sufficiently high, but underadvertising if search costs are sufficiently low. Intu-
itively, with very low search costs, any additional consumer that a firm informs is likely to also
check out the product that is offered by its competitor. Hence, firms can do a lot of free riding on
the advertising effort of their competitor, which implies that equilibrium advertising will be too
low. With high search costs, however, free riding will not occur. This gives firms an incentive to
inform consumers, even if these are likely to already be informed by their competitor. After all,
this increases the probability that this firm will be visited first to 1/2 rather than virtually zero.
But that implies that there will be a lot of wasteful duplication of advertising effort. Hence,
from a welfare perspective, the amount of advertising provided by the market will then be too

high.
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5 Numerical illustration

In this section, we consider the case of a uniform distribution of match values. Moreover, we
assume that the advertising cost function is quadratic, as in the previous section: c¢(p) = ay?/2.
Again consider that firm k uses the tentative equilibrium strategy (p*, ¢*), and allow firm j to

defect some (p;, p;) where we define A = p; — p*. We then have, following

D= (0 (1- 525 ) vew ) -2 - )4 (e -9+ )@ 8% (13)

SO

oD; 1+8)¢" A 1 (¢
B <1_ >(1—E—A)+2(1_(P)(52_A2)
88?; = —(sog (1—(1+25W >+€¢*>—A(% (I —=¢") +¢")

Imposing symmetry:

D (p*,¢") = ¢" (1—¢2>

oD, 1 3
AR WA
005 |pr 2 2
0D; *
—L —* (1 +8) (1—)
Ip; p* 2

Plugging these back into and @ yields

1 é
* 1 * A 1 *
* % ( 2 < 2))
p,p

p* "

on;
dp;
on;
dp;

Solving for the equilibrium then yields

.1
L

S A s
YT Tx2a(1+é)

where, with a uniform distribution, we have using g(é) = ¢ and 1) that € =1 —v/2s.

12



0.5

0.45

0.4

0.35

0.3

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Figure 1: Advertising intensity in the market equilibrium as function of a and s. In the
grey area, we have the boundary solution p* = 1.

Figure [I| shows the equilibrium fraction of informed consumers as function of a and s. This
confirms the comparative statics derived in Section [3} higher advertising cost leads to fewer
informed consumers, and higher search cost lead to more informed consumers.

Figure [2| depicts equilibrium profits as function of a and s. The general picture is that more
market power (higher s) leads to more profit and an increase in advertising cost lowers profit.
Observe that we were unable to derive monotone comparative statics for profit as function of
search cost. It turns out that there is a small area where an increase in market power leads to
lower profit (this happens near s = 0.5 and a = 0.5). The reason that the comparative statics
are ambiguous is the following. Revenue is increasing in s, at it leads to a higher price and
a higher fraction of informed consumers (see Proposition . But total advertising costs are
also increasing in s, again via an equilibrium increase of informed consumers. When almost all
consumers receive an ad from either you or your competitor (around s = 0.5 and a = 0.5, ¢*
is close to one), then the marginal effect of advertising on revenue is relatively small whilst the
marginal cost of advertising is close to its maximum. When all these effects are combined, it

can yield the counter-intuitive result that an increase in market power lowers proﬁtﬂ

2But note that [Haan and Moraga-Gonzalez (2011) also find that results in their paper.
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Figure 2: Profit in the market equilibrium as function of a and s. In the grey area, we
have the boundary solution ¢* = 1.

To derive the social optimum, we first have to compute the expected gross utility of an

informed consumer. Using @, this works out at

‘ 2
U:v+2/ €2d€+é(1—é):U—i-gé?’—l—é(l—é). (14)
0

This implies that the socially optimal amount of advertising is

v+ 288 +4(1-¢)
atv+383+6(1—-¢)

(Z):

Figure [3] shows the socially optimal fraction of informed consumers as a function of a and
s. This confirms the comparative statics as derived in Proposition [2] — although the effect of s
on ¢ turns out to be weak.

Figure 4| compares the market equilibrium to the social optimum. Confirming Proposition
we see that for the uniform distribution and a given value of a, there is always a threshold level

of § such that there is overadvertising if and if s > s.
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Figure 3: Advertising intensity in the social optimum as function of a and s, with v =1

Figure 4: Comparing advertising intensity in the market equilibrium and the social op-
timum as function of a and s, with v = 1. In the area labeled “over” there is too much
advertising in the market equilibrium — in the are labeled “under” there is too little.
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6 Conclusion

In this paper, we studied a search market where two firms inform consumers of the existence
of the new product by means of advertising. A consumer that observes the ad of a firm learns
about the existence of the product — which may also trigger her to search the other firm. Firms
may thus have an incentive to free ride on each other’s advertising effort.

We find equilibrium advertising levels are increasing in search costs. Higher search costs
imply higher prices, and make it less likely that a consumer also checks out the other firm. Both
factors imply that consumers become more valuable, hence firms are willing to invest more to
inform them. But the socially optimal levels of advertising are decreasing in search costs. Higher
search costs imply that the social value of informing a consumer is lower, hence a social planner
would be less willing to invest to inform them. Under some weak conditions we show that there
is underadvertising for low search costs, but overadvertising for high search costs.

This paper is definitely work in progress. We plan to expand it further in the near future,
along at least three lines. First, we will study the possibility of having more than 2 firms. Second,
we will study the case in which the market is not fully covered - so an increase in the number
of informed consumers does not necessarily increase social value. Third, we will consider the
desirability of an cartel in advertising. Fourth, we will relax the assumption that being informed
about one firm always makes consumers realize that there is also a second firm selling a similar

product.

References

Anderson, S. P. and Renault, R. (1999). Pricing, product diversity, and search costs: a bertrand-

chamberlin-diamond model. RAND Journal of Economics, 30:719-735.

Bagwell, K. (2007). The economic analysis of advertising. In Armstrong, M. and Porter, R.,
editors, Handbook of Industrial Organization, Handbooks in Economics, chapter 2. North-

Holland, Amsterdam.

Butters, G. (1977). Equilibrium distribution of prices and advertising. Review of Economic

Studies, 44:465-492.

16



Grossman, G. and Shapiro, C. (1984). Informative advertising with differentiated products.

Review of Economic Studies, 51:63-82.

Haan, M. A., Moraga Gonzalez, J., and Petrikaite, V. (2018). A model of directed consumer

search. International Journal of Industrial Organization, 61:223-255.

Haan, M. A. and Moraga-Gonzalez, J. L. (2011). Advertising for attention in a consumer search

model. Economic Journal, pages 552—-579.

Janssen, M. C. and Non, M. C. (2008). Advertising and consumer search in a duopoly model.

International Journal of Industrial Organization, 26(1):354-371.

Johnson, J. P. (2009). Targeted advertising and advertising avoidance. mimeo, Cornell Univer-

sity.

Johnson, J. P. and Myatt, D. P. (2006). On the simple economics of advertising, marketing,

and product design. American Economic Review, 96(3):756-784.

Loginova, O. (2009). Exposure order effects and advertising competition. Journal of Economic

Behavior and Organization, 71(2):528-538.

McCarthy, I. M. (2016). Advertising intensity and welfare in an equilibrium search model.

Economics Letters, 141:20-26.

Meurer, M. and Stahl, D. (1994). Informative advertising and product match. International

Journal of Industrial Organization, 12:1-19.

Robert, J. and Stahl, D. O. (1993). Informative price advertising in a sequential search model.

Econometrica, 61:657-686.

Shelegia, S. and Wilson, C. M. (2021). A generalized model of advertised sales. American

Economic Journal: Microeconomics, 13(1):195-223.

Wolinsky, A. (1986). True monopolistic competition as a result of imperfect information. Quar-

terly Journal of Economics, 101(3):493-511.

17



	Introduction
	The Model
	Solving the model
	Welfare
	Numerical illustration
	Conclusion

