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Abstract

This thesis examines how information costs, minimum quality standards and
electoral incentives affect international trade and trade policy choice.

First, a new pairwise matching model with two-sided information asym-
metry is developed to analyse the impact of information costs on endogenous
network-building and matching by information intermediaries. The framework
innovates by examining the role of information costs on incentives for trade
intermediation, thereby endogenising the pattern of direct and indirect trade.
The model is extended to analyse the strategic interaction between two in-
formation intermediaries who compete in commission rates and network size,
giving rise to a fragmented duopoly market structure.

Second, unilateral minimum quality standards are endogenously deter-
mined as the outcome of a non-cooperative standard-setting game between
the governments of two countries. Cross-country externalities from the imple-
mentation of minimum quality standards are shown to give rise to a Prisoners’
Dilemma structure in the incentives of policy-makers leading to inefficient pol-
icy outcomes. The role of minimum quality standards as non-tariff barriers
is examined and the scope for mutual gains from reciprocal adjustment in
minimum standards analysed. Asymmetric externalities make a cooperative
agreement at the world optimum infeasible.

Third, a new multi-jurisdictional political agency model is developed to

analyse electoral incentives for trade protection in an electoral college. A



unique equilibrium is shown to exist where political incumbents build a rep-
utation for protectionism through their policy decisions in their first term of
office. A spatial dimension is introduced that shows how trade policy incen-
tives hinge on the distribution of swing voters across decisive, swing states.
The empirical analysis augments a benchmark test of the “Protection for Sale”
mechanism to include a measure of how industries specialise geographically in

swing and decisive states. The findings lend support to the theory.
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Introduction

In this thesis I theoretically examine how information costs, minimum quality
standards and electoral incentives affect international trade and trade policy
choice.

Chapter 1 present a new pairwise matching model with two-sided infor-
mation asymmetry that is used to analyse the impact of information costs
on endogenous network-building and matching by information intermediaries.
The framework innovates by examining £he role of information costs on incen-
tives for trade intermediation, thereby endogenising the pattern of direct and
indirect trade. The analysis delivers four key results. First, intermediation
unambiguously raises expected trade volume and social welfare by expanding
the set of matching technologies available to traders. Second, convexity in
network-building costs is necessary for both direct and indirect trade to arise
in equilibrium. Third, under assumptions of convexity in the intermediary’s
technology, optimal network size and hence the equilibrium pattern of trade
is shown to depend on the level of information costs as well as the relative
effectiveness of direct and indirect matching technologies with changing infor-
mation costs. Finally, the model sheds light on the relationship between infor-
mation frictions and aggregate trade volume, which may be non-monotonic as

a result of conflicting effects of information costs on the incentives for direct
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and indirect trade.

Chapter 2 extends the model to analyse the strategic interaction between
two information intermediaries who compete in commission rates and net-
work size, giving rise to a fragmented duopoly market structure. The analysis
delivers the following results. First, the model suggests that network compe-
tition between information intermediaries has a distinctive market structure,
where intermediaries are monopolist service providers to some contacts but
duopolists over contacts they share in their network overlap. Second, the
coordination game of traders presents the possibility of coordination failure
between trade pairs, even though both traders are members of both networks
and this is known to both. Third, we show that intermediaries’ inability to
price discriminate between the competitive and non-competitive market seg-
ments, gives rise to an undercutting game, which has no pure strategy Nash
equilibrium. The incentive to randomise commission rates yields a mixed
strategy Nash equilibrium. Finally, competition is affected by the technol-
ogy of network development. The analysis shows that either a monopoly or
a fragmented duopoly can prevail in equilibrium, depending on the network-
building technology. Under convexity assumptions, both intermediaries invest
in a network and compete over common matches, while randomising commis-
sion rates. In contrast, linear network development costs can only give rise to
a monopoly outcome.

Chapter 3 extends a well-established vertical product differentiation model

14



to an international setting in order to analyse governments’ incentives for
the unilateral setting of minimum quality standards, as well as the scope
and effects of international cooperation on welfare and international trade.
National standards are endogenous and result from a standard-setting game
between governments. The analysis delivers four results. First, there exist
four unregulated Nash equilibria in minimum standards, two symmetric and
two asymmetric, depending on the quality ranking of firms in each market.
The analysis establishes that in all four cases, unilaterally selected minimum
quality standards are inefficient as a result of cross-country externalities. Sec-
ond, minimum quality standards are shown to operate as non-tariff barriers
to trade. Third, the world welfare maximising symmetric standard can be
reached through reciprocal adjustments in national minimum standards from
either of the two symmetric Nash equilibria. Finally, the scope for mutu-
ally beneficial cooperation is shown to be significantly restricted when cross-
country externalities are asymmetric.

The final chapter of the thesis develops a new multi-jurisdictional polit-
ical agency model for analysing electoral incentives for trade protection. A
unique equilibrium is shown to exist where political incumbents build a rep-
utation of protectionism through their policy decisions in their first term of
office. The spatial dimension of the multi-jurisdictional framework shows how
the incentives driving trade policy hinge on the distribution of swing voters

across swing and decisive states. Finally, the theoretical hypothesis is tested
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empirically and the findings provide support for the theory highlighting an

important, and previously overlooked, determinant of trade protection.
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1 Information Costs, Networks and Intermediation

in International Trade

This chapter analyses the role of information costs on the incentives for infor-
mation intermediaries to emerge as trade facilitators and addresses a broad
range of issues in a tractable, unified, theoretical framework. First, the model
sheds light on how barriers to information flow can affect trade patterns and
the organisation of trade, either directly, or indirectly through an intermedi-
ary. Second, it explores the incentives for contact-building and intermediation
with varying levels of information costs and for a broad range of parameter
values reflecting different network-building technologies. The pairwise match-
ing model developed contributes to the literature by showing how information
costs affect the realisation and organisation of trade transactions, for a given
set of trade opportunities, in a framework where the pattern of information
intermediation is determined endogenously.

The model is particularly applicable to international trade in differenti-
ated goods for which information about product characteristics is important.
The model can also be applied more broadly to intermediated markets where
contact-building and matching are key. Examples may include headhunters in
the job market, real estate agents in the housing or rental market, charterers
in the transportation market, matchmakers in the marriage market (in some
cultures), among others.

There is a broad literature addressing the many functions of middlemen.

17



They have been shown to reduce search costs (Rubinstein and Wolinksy,
1987; Yavas, 1992, 1994), to offer expertise in markets with adverse selection
(Biglaiser, 1993), to operate as guarantors of quality under producer moral
hazard (Biglaiser and Friedman, 1994), as well as to operate as investors in
quality-testing technology (Li, 1998). More recently, Shevchenko (2004) en-
dogenises the number of intermediaries who buy and sell goods and examines
the optimality of the size and composition of their inventories. Common to
all of these works is the exploration of the role of middlemen as buyers and
sellers of goods. In contrast, this chapter explores the role of intermediaries
as brokers of information.

Information is required to identify profitable trading opportunities and lo-
cate suitable trading partners, particularly where goods are differentiated and
information about product characteristics is important. Information asymme-
tries, coupled with costs of acquiring information, can hinder the matching of
agents with opportunities and prevent prices from allocating scarce resources
across countries. Portes and Rey (2005) point to a lack of information about
international trading opportunities and the need to tap into ‘deep knowledge’.
In such a setting, international trade can be facilitated through intermediaries
who invest in information networks or contacts and match agents with suitable
opportunities for a fee.

Rauch and Watson (2002) present some summary statistics from a Pilot

survey of international trade intermediaries based in the US. Despite the small
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number of observations, their evidence suggests that 50% of trade intermedi-
ation in differentiated products does not involve taking title of goods and
reselling, as compared to only 1% for homogeneous-goods. Moreover, 36% of
the revenue from trade intermediation of differentiated products is reported
to come from success fees based on the value of transactions, while the figure
for homogeneous-good intermediation is only 1%. This is consistent with the
search based or network view of trade, pioneered by Rauch (2000), Rauch and
Trindade (2000) and others, that posits that the information requirements for
differentiated goods are much greater due to the need to match specific char-
acteristics. The evidence to date supports this, pointing to a more pronounced
role for information intermediaries in the trade of differentiated goods.

The facilitation of trade through information networks has only recently
begun to be formally developed. Recent literature on networks in international
trade (Casella and Rauch, 2002) focuses on gaining insight on how information-
sharing networks among internationally dispersed ethnic minorities or business
groups can overcome informal trade barriers such as inadequate information
about trading opportunities and weak enforcement of international contracts
(Anderson and Marcouiller, 2002).

Casella and Rauch (2002) develop a model where output is produced
through a joint venture and agents cannot judge the quality of their match
abroad. They show that introducing a subset of agents with social ties, who

have complete information when it comes to matching with other group mem-
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bers, increases aggregate trade and income, but hurts the anonymous market.
More recently, Rauch and Watson (2002) model the supply of ‘network in-
termediation’ where agents endogenously choose whether to be producers or
intermediaries, depending on their endowment of contacts. The emphasis of
the existing literature has largely been the effects of pre-existing social ties
or contacts on trade. This chapter contributes to the literature by analysing
the incentives for contact-building and exploring how trade intermediation
can offer a more efficient means of trade matching, without relying on any
pre-existing ties between agents.

The remainder of this chapter is organised as follows. Section 1 intro-
duces the intermediation model. Section 2 extends the network-building cost

specification giving rise to a richer set of results. Section 3 concludes.

1.1 The Model

This section introduces a pairwise matching model with a continuum of im-
porters and exporters, and a single trade intermediary. The framework cap-
tures the incentives for network-building and intermediation when there are
barriers to the flow of information and sheds light on the role information costs

play on the organisation of trade.

1.1.1 Model Set-up

Consider a two-sided market where importers and exporters match in pairs

to exchange a single unit of output. Let there be a continuum of exporters
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(X), distributed uniformly, and with unit density, over the interval [0,1] and a
continuum of importers (M), also distributed uniformly, with unit density over
[0,1]. Suppose that for each trader there is a unique partner on the other side
of the market with whom they can trade. Each trade transaction generates
a joint surplus S > 0, but if agents fail to locate their match they receive a
payoff of 0. Moreover, assume all market participants are risk-neutral.

The framework best reflects trade in differentiated goods where specific
characteristics have to be matched, whether these are feature of the product,
timing of delivery etc. In the absence of trade frictions, importers and ex-
porters identify each other costlessly and all trade opportunities are exploited
generating a total surplus of S.

Suppose there is two-sided information asymmetry such that traders on
both sides of the market do not know the location of their partner on the
other side of the market. Within the set of infinitely many traders, the prob-
ability of each exporter (importer) locating her partner by selecting a random
trader from the measure of importers (exporters) is zero. Any pair j of trade
partners (Xj, M;) is assumed to be able to match through a direct match-
ing technology, however, which achieves successful matching with probability
q(%), where parameter i € [0, 1] reflects the level of information costs or bar-
riers to information flow between the two sides of the market. Let ¢'(¢) < 0,
so a higher prevailing level of information costs implies a lower probability of

matching for each pair. Parameter ¢ may be interpreted as reflecting the state
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of information and communication technology (ICT). An ICT improvement
reflects a decline in i,which in turn implies a higher probability of a direct
match. Further, let g(/) = 0 and g(0) = 1, so information cost level i = 1
prohibits any matching, while i = 0 corresponds to the full information case
where all trade opportunities are exploited. ¢(i) is also the expected trade
volume and ¢(7)S the expected joint surplus from direct trade. The two-sided

market is represented in figure (1).

Importers (M)

q@®ds

Exporters (X)

Figure 1: The two-sided market with pairwise trade matches.

Suppose the market has a single intermediary (/) with access to a tech-
nology for developing contacts with importers and exporters and finding out
their trade characteristics (location, product features etc.). The intermediary
incurs a set up cost, F, for creating a network and a marginal cost of network
expansion, c(i), where d (i) > 0 and c(0) = 0. The cost of making contacts
is assumed to increase monotonically with the level of information costs; but

assumed to be entirely costless when i —O.
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The intermediary’s network is denoted by a measure of importers, Pys, and
a measure of exporters, Px, where Py € [0,1] and Px € [0, 1], contacted by
incurring cost ¢ (i) Py and c¢(i) Py, respectively. Let C (Px, Py) denote the
intermediary’s total investment cost for building a network of contacts of size

{Px, Prp}, where this is linear and described by (1):

C(Px, Pu) = F + (i) (Px + Pu) 1)

Once network investment costs are sunk, it is assumed costless for the in-
termediary to match trade pairs from within his network of contacts. The
intermediary’s marginal cost of trade inte;media.tion is zero. The proportion
Px also reflects the ex ante pro-gability that any particular exporter Xj; is a
network member. Similarly, Py is the probability that any particular importer
M; is a network member. Thus, PxPys describes the joint probability that
both trade partners in pair (Xj, M;) are contacted by the intermediary, for
given network size. Once uncertainty regarding the identity of network mem-
bers is resolved, the intermediary is able to match trade pairs from within his
network! with probability 1.

The intermediary raises revenue by charging a commission for matching
trading partners through his network. Let aj denote the share of trade surplus,

or commission rate, that the intermediary demands for successful intermedia-

tion of trade. The intermediary’s power to extract trade surplus through aj

'This assumption can easily be relaxed so that indirect matching takes place with a
probability less than or equal to 1 but higher than the probability of a direct match.
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is constrained by the traders’ outside option to trade directly with probability
q(7). In particular, as direct matching prospects worsen with %, the highest
commission rate consistent with trader participation increases. The commis-
sion rate is thus described as a function of information cost %, (), where
o (i) > 0. The level of information costs ¢ therefore affects the intermediary’s
profit through two channels. First, through network-building cost, ¢ (%), and

second, through commission rate a;(z).

Timing of the Game The timing of the game between traders and inter-

mediary I is as follows:

Stage 1 - Network investment: The intermediary invests in a network of
size {Px, Pym} by contacting a proportion of importers and exporters.
Network investment costs, C (Px, Pur), are sunk. The intermediary of-
fers contacts a take-it-or-leave-it contract specifying commission rate ay

for successful matching.
Stage 2 - Contracting: Traders in receipt of a contract accept or reject it.

Stage 3 - Indirect trade: Uncertainty over which trade matches are feasi-
ble through the network is resolved. The intermediary matches pairs of

traders in his network, provided both parties accepted in stage 2.

Stage 4 - Direct trade: Any unmatched traders trade directly with proba-

bility ¢(z).
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Equilibrium Concept The solution concept used is subgame perfect equi-
librium (SPE) and the method used is backward induction. A strategy for
intermediary I is a set {Px(%), Px(¢),az(¢)} that describes network size and
commission rate, given information costs 7. A strategy for trader j is described
by a rule R, for accepting or rejecting a contract in stage 2, if such a contract
is received. A set of strategies { Px (), Px (%), a}(%), R%} can be said to form a
subgame perfect equilibrium of the game if under these strategies the expected
profit of the intermediary and the expected trade surplus of each trader are

maximised, given the strategies of all other players.

1.1.2 Direct and Indirect Trade

The pool of unmatched traders in the final stage of the game includes three
groups of traders: (a) those not contacted in stage 1, (b) those contacted
but who rejected the contract in stage 2, and (c) those who were contacted
and accepted, but could not be matched through the network in stage 3.
Unmatched traders can expect to match directly with probability ¢(¢) in the
final stage of the game. Each direct match generates S, so the ex ante expected
surplus from the direct trade route is ¢(¢)S. Let ax and ajs denote the
surplus shares of exporters and importers, respectively, where ax + apr = 1.
For simplicity, assume both parties have equal bargaining power so gains from

any transaction are split evenly?, such that ax = ap = % The expected

2The particular values of ax and aas have no bearing on the intermediary’s investment
decision, or choice of commission rate. Symmetry is assumed for simplicity.

25



payoffs from direct trade for importers and exporters, denoted by EPT (IIps)

and EPT(I1x), respectively, can thus be expressed as:

EPT(ITx) = B (M) = 54(0)S @

Intermediated trade transactions in stagta 3 between network members who
accept in stage 2 also generate S per match. Since traders are identical in
terms of their future trade prospects, they all either accept or reject the take-
it-or-leave-it offer in stage 2. The intermediary maximises stage 1 expected
profit subject to participation constraints, thereby ensuring that all traders
contacted by the intermediary find it optimal to accept in equilibrium. Let
a;() denote the share of trade surplus captured by j, given information costs
i, where j = {X, M, I}. As with direct trade, exporters and importers are
assumed to split (residual) surplus equally, so ax(i) = ap(i) = arp(i). It

follows that:

ZaT(i) + a](i) =1 (3)

The intermediary’s share, (), is determined endogenously and depends
on i. It follows that ar(i) also depends on the prevailing level of information
costs. Traders’ expected payoffs from indirect trade, denoted by ETT(II;)

and ETT(Ilx), respectively, can thus be expressed as:
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BT (1Tx) = BT () = 3 [1 - ar(9)] § (@)

The measure of intermediated transactions, for any given network size, will
vary in stage 3 depending on the degree of overlap between the two groups of
contacts. Hence, the measure of intermediated trade matches, denoted by T7,
is a random variable. For any network of size (Px, Ppr), the largest measure of
matches possible through the network is min { Px, Par}, reflecting the maximal
measure of overlap between importer and exporter contacts. Similarly, the
smallest measure of matches that may arise is max {Px + P — 1,0}, where
mismatch between the two contact groups is greatest.

For any pair (Xj, M;), the ex ante probability of matching through the
intermediary is given by the joint probability of both partners being contacted
by the intermediary in stage 1, Px Pps. The probability of any pair j matching
is integrated over the range of possible pairs to give the expected measure of
intermediated matches E(Ty) = Px Pyy.

In equilibrium, the intermediary builds contacts symmetrically in order to
maximise E(Ty), for any given network investment. Thus, Px = Py = P.
Hence, the expected measure of intermediated matches is E(T;) = P2.

Proposition (1) establishes the optimality of a symmetric network, allowing

the subgame perfect equilibrium strategy set to be redefined as { P*(i), aj(), R3}.

Proposition 1 It is optimal for the trade intermediary to invest symmetri-

cally in network-building on both sides of the market, such that Py = Py = P,
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where P € [0,1].

Proof. Consider a network of size (Px, Pp) from which a measure of trade
matches E(T7) = Px Py is expected. The intermediary can maximise the
return from his network investment by choosing Px and Pp; to maximise
E(Tr), given C (Px, Py) = F+ ¢(2) (Px + Par)- The first order conditions of
the constrained optimisation yield Px = Py as the trade maximising network
configuration. Proposition (1) follows directly. m

For any exporter (importer) evaluating whether to sign up with the inter-
mediary in stage 2, the probability of her partner also being in the network is
P. Each exporter (or importer) can expect to receive E/T(Ilx) (or EIT(Ilyr))
with probability P and EPT(Ix) (or EPT(Ily)) with probability 1 — P.
Hence, the expected payoff of exporter X; (or importer M;), conditional on

being contacted by the intermediary in stage 1, is given by:

E(llx;|X; € P) = E(ly;|M; € P) = 5 [P(1 - as(9)) + (1= P)g(d)] S (5)

1
2
Contrasting the expected payoffs described by equations (2) and (5) yields

proposition (2).

Proposition 2 In equilibrium, the intermediary offers contracts demanding

commission rate aj(i) =1 — q(i). All contracts are accepted.

Proof. To ensure trader participation in stage 2, the intermediary must set

ap(i) sufficiently low so that expected payoff from signing up to the network,
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described by equation (5), is at least as large as the expected payoff from an
exclusively direct trade route, described by (2). The highest commission rate

consistent with trader participation is thus:

ar(i) <1 - q(i) (6)

Hence, traders’ optimal acceptance rule R} in stage 2 is ‘accept the contract if
ar() < 1—¢(3); reject otherwise’. Anticipating the traders’ incentives in stage
2, the intermediary sets the largest participation-consistent commission rate?.
Hence, the intermediary selects (i) = 1 — ¢(%) in stage 1 and all contracts
offered are accepted in stage 2. m

The intermediary is constrained by traders’ outside option to trade di-
rectly, which in turn depends on the level of information costs. The worse
are the traders’ prospects in the market, the higher the commission rate the
intermediary can charge and still ensure participation. Even though a larger
network improves the chances of an indirect trade match, the option to trade
directly remains available, so aj}(i) is independent of P. Moreover, since all
surplus over and above that generated through direct trade is appropriated
by the intermediary, all traders are indifferent between trading directly or the

possibility of trading through the network.

Proposition 3 In equilibrium, importers and exporters are indifferent ex ante

% Assume that when indifferent between the two modes of trade, traders sign up with the
intermediary. Alternatively, the intermediary could offer an infinitesimally small additional
amount, €, to ensure traders sign up to the network.
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between the prospect of direct matching only and having the opportunity to

trade both directly and indirectly.

Proof. At the outset of the game, anticipating a network of size P, any pair
(Xj, M;) can expect to find themselves in one of four possible positions: (i)
with probability (1 — P)?, both trade partners are outside the network; (ii)
with probability P(1 — P), M; is inside the network and X outside; (iii)
with probability P(1 — P), X; is inside the network and M; outside, and
(iv) both partners are members of the network, with probability P2. The
expected payoff for each partner is $¢(¢)S in (i)-(iii) and  [1 — /(¢)] S in
(iv). Weighing the expected payoffs with their respective probabilities yields
the ex ante expected payoff to any trader j at the outset of the game, given

P. This is summarised by:
E(llx, | P) = E(ly, | P) = 5 [a®)1~ P) + 1 - as )] P’ S (7)

Anticipating that o} () = 1 — ¢(3), (7) simplifies to give E(Ilx | P) = E(Ily |
P) = 14(i)S = EPT(Ilx) = EPT(Il)). Hence, traders are indifferent between

having the prospect of intermediated trade, or not. m

1.1.3 Equilibrium Network Size

The intermediary chooses P € [0,1] to maximise expected profits (net of net-
work investment cost), E(II;), subject to aj(i) = 1 — ¢(i) and R}, where

expected profit can be expressed by:
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E(IL;) = [1 - q(i)] SP* — 2¢(s)P — F ®)

The specification does not yield an interior equilibrium for P, as verified
by the non-negative second order condition?. Hence, the intermediary chooses
to develop contacts with all traders, or none, depending on the level of infor-
mation costs. When profitable at the margin, the network expands to include
all traders, provided the measure of trade matches is sufficiently large to cover
set up costs. Otherwise, no contacts are developed at all, and the intermediary
is inactive. Which of the two corner equilibria prevails hinges on the relative
magnitude of two conflicting effects of i on expected profits. The greater the
prevailing barriers to information flow, the higher are the costs of network
development. At the same time, traders’ direct matching prospects worsen,
thereby allowing a higher commission rate to be charged. The net effect of
information costs on E(II;) thus depends on the relative impact of ¢ on ¢(%)

and c(¢). This is summarised formally in proposition (4).

Proposition 4 Ezpected profit from intermediation is monotonically increas-

ing with the level of information costs if ¢ (i) < —E£2¢ (i), for P > 0.

Proof. Partially differentiating (8) with respect to ¢ yields:

OE(;) _

e [2¢ () + PS¢ (5)] P 9)

4The second order condition is non-negative for all values of information cost ¢ and net-
2
work size P: 3—5,(1;’—) =2S[1—q(@)] >0
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It follows directly from (9) that E(II;) is monotonically increasing with ¢, if:

¢ G) < —%Sq' (i), for P> 0 (10)

Let P*() describe the intermediary’s optimal network investment strategy
for any ¢ € [0,1]. This defines the equilibrium network path P*(7) in the
subgame perfect equilibrium. The parameter space can be partitioned into
two sets; the set of parameters for which condition (10) is satisfied, denoted
by (A0), and the set for which it is not, denoted by (B0). For each set there
exists a unique equilibrium pattern of intermediation.

Equilibrium path (A0) arises for parameter values that satisfy condition
(10) and thus for which the intermediary’s expected profit is increasing in in-
formation costs ¢. Hence, for sufficiently small network set-up costs relative
to trade surplus, there is a threshold level of information costs, 7 € [0,1],
above which the intermediary finds it profitable to invest in an information
network spanning the entire market and below which the intermediary is inac-
tive. Moreover, the higher the trade surplus relative to fixed costs, the lower
the threshold above which the intermediary is active.

Equilibrium path (B0) arises where expected profit fails to satisfy condition
(10), so expected profit is decreasing with information costs. This describes the
case where the negative effect of higher ¢ on network investment cost outweighs

the positive effect on revenue from the ability to set a higher commission rate.
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Hence, for sufficiently small network set-up costs relative to trade surplus,
there is a threshold level of information costs, 7 € [0,1], below which the
intermediary finds it profitable to invest in an information network that covers
the entire market. The intermediary’s network investment is constrained by
market size, yielding a constrained expected profit E(Ilf);p—;, which is non-
monotonic in i, and which yields a threshold level i < 7, below which the
market size constraint is so restrictive that positive profits cannot be attained.
Hence, in equilibrium (B0), a trade network is only viable for values of 7 that
lie between the two thresholds.

Propositions (5) and (6) characterise the two equilibrium patterns.

Proposition 5 If expected profits are monotonically increasing in i, then equi-

librium network size, P*, expected trade, E*(T), and ezpected welfare, E*(W),

are:
o) O i€ [o,min (?1)}
1 ifie [min (?,1),1]
1) — i) ifie [o,min (?,1)]
1 ifie [min (?1) ,1]
) — MoK ifie [0, min (?, 1)]

S—2()~F ifie [min (?, 1) , 1]

where 7 is the positive threshold level of information costs that solves c(i) +

Ve(i)? + [1 —q(3)] SF = [1 — q(4)] S, above which E(II;) > 0.
Proof. Setting expected profit in equation (8) to zero, E(II;) = 0 simplifies

33



to give the following quadratic expression in P:

[1—q(4)]SP?—2c(i)P-F =0 (11)

Equation (11) describes the combinations of ¢ and P for which E(IIy) = 0.
Equation (11) therefore reflects the iso-profit contour in (%, P) space, along
which expected profits are zero. Let ﬁ(z) denote the positive, real root of

(11), in terms of ¢ and parameters of the model, where:

Bi) = )T Ve + L —g@]SF

@S 12

P(i) gives a measure of the market size that would, given %, generate exactly
enough revenue to cover the network set-up cost and variable costs. It can be
interpreted as the minimum network size consistent with E(II;) > 0, given 3.
If ﬁ(z) < 1, then the revenue generated from the unit measure of traders is
sufficient to cover network costs so the intermediary invests in a trade network
spanning the entire market. Conversely, for ¢ where }3(2) > 1, the measure of
traders is not large enough for a viable network, so P* = 0.

If condition (10) holds for all values of ¢ > 0, then there is a unique value
of 4, 7, that solves P(i) = 1 at which E(II;) = 0. It follows that E(TI;) > 0 for
i >7% and E(II;) < 0 for i < 7. Hence, P* = 1 for values of i where P(5) < 1
and 0 otherwise.

If P* = 0, then there is no intermediated trade. Expected trade volume
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is thus g (i) direct matches, generating an expected surplus of ¢ () S. If P* =
1, then the intermediary can match all pairs. It follows that all trade is
intermediated and trade volume is 1. The expected welfare is the surplus
generated from trade, S, less the network costs incurred by the intermediary.

Hence, E*(W) = S — 2¢(i) — F when the intermediary is active. m

Proposition 6 If expected profits are non-monotonic in i, then equilibrium

network size, P*, expected trade, E*(T), and expected welfare, E*(T), are:
(
0 if ¢ € [0,min (z,1)]

P*=9{ 1 ifi€ [min(51),min 1)

| 0 ifi€ [min(51),1]
q(é) i€ [0,min(,1)]

E'T)={ 1 ifi€ [min(41),min (5,1)]

| 9() ifie [min(i1),1]
q(?)S if ¢ € [0, min (5, 1)]

E*(W)=1q S§~-2c(i)—F ifie [min(s1),min (3,1)]

| 4@®)S if i € [min (7,1),1]

where i and i are positive roots of (i) ++/c(i)? + [1 — q(©)] SF = [1 — q(3)] S,

between which E(Il;) > 0.

Proof. If ¢ (i) < —£8¢/ (i) for i € [0,7] and ¢ (i) > —£2¢/ (i) for i € [,{’ 1],
given P > 0, then expected profit is non-monotonic in z and there are, in
general, two positive, real roots of 13(2) = 1. Let the two roots be defined as i
and 7, respectively, where 7 >i > 0 and i € [g,i] It follows that E(II;) > 0
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for i € [4,7], and E(TI;) < 0, otherwise. Hence, P* =1 for i € [i,7], and 0

otherwise. E*(T) and E*(W) follow directly. m

Trade and Welfare Since any unmatched network members in stage 3
continue to have the opportunity to trade directly in stage 4, expected trade
can never be lower with an active intermediary in the market than without.

This is formalised in proposition (7).

Proposition 7 An active intermediary raises expected trade volume unam-

biguously compared to expected trade when only direct trade is possible.

Proof. Let E(T) denote expected trade volume. Investment in a network of
size P, where P € [0,1], generates P? expected indirect matches in stage 3.
A proportion q(i) of the remaining 1 — P? pairs trade directly in stage 4. It

follows that:

E(T) = q(i) + P*[1 - q(3)] (13)

> q(i) = EPT(T)

Expected trade volume with an intermediary is thus at least as great as when

only direct trade is possible, for any choice of network size P. Moreover,

expected trade is unambiguously higher when the intermediary is active. m
The intermediary exploits his monopoly power and sets a commission rate

that leave traders as well off (in expected terms) under the intermediation
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contract as through direct trade. Hence, the intermediary’s expected profit
represents a pure welfare gain. The gain arises from the fact that the in-
termediary expands the set of possible production technologies for matching,
while his exclusive appropriation of these welfare gains stems from his market
power from being a monopolist provider® of the indirect matching technology.

Proposition (8) formalises this discussion.

Proposition 8 An active intermediary raises expected welfare unambiguously

compared to expected welfare when only direct trade is possible.

Proof. Let EPT(W) denote expected welfare arising from direct trade, with-

out an intermediary. This mirrors expected trade, and is given by:

EPT(W) = q(i)S (14)

Further, let E(WW) denote expected welfare with a trade network of any size P,
where P € [0,1]. The total surplus generated from direct and indirect trade is
P28 and q(4) (1- P2) S, respectively. Subtracting the intermediary’s network

costs gives:

E(W) = (1 - P?)q(3)S + PS — 2¢(i)P — F (15)

®Chapter 2 analyses the competitive interaction of two intermediaries in the two-sided
market. For equilibria where both intermediaries are active, traders with access to inter-
mediation services are, on average, strictly better off than those with access to direct trade
only.
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Rearranging (15) gives:

E(W) = q(i)S + [1 — q(i)] SP? — 2¢(i)P - F (16)

In equilibrium, P* > 0if E(II;) > 0, in which case (8) implies that [1 — ¢(4)] S (P*)* >

2¢(i)P* — F. Moreover, for all values of ¢ where E(II) < 0, P* = 0. Hence:

E*(W) = q(5)8 + [1 — q(3)] S (P*)? — 2c(i)P* — F (17)

> q(i)S = EPT(W)

Equilibrium expected welfare with an intermediary is thus at least as large
as expected welfare when only direct trade is possible. Moreover, for levels
of information costs where P* > 0, expected welfare is unambiguously higher

with the intermediary. Proposition (8) follows directly. m

Tlustrative Examples To provide further intuition an illustrative example
is provided for each of the two equilibrium patterns of intermediation. To add
structure to the discussion, let marginal cost of network expansion ¢(i) and
direct matching probability ¢(i) be specified as ¢(i) = i* and ¢ (i) = 1 — 4,
respectively, where a,§ > 1. For these specifications, equilibrium pattern (A0)
arises where § > «, while equilibrium pattern (B0) arises for parameter values

where a > §. For sufficiently large trader surplus S relative to network set-
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up cost F', the lower threshold levels of information cost above which the
intermediary is active lie within ¢ € [0,1]). Consider the following illustrative

examples for each case.

Equilibrium Intermediation Path (AO) Figure (2) illustrates the
equilibrium path of network size with information costs, for which® § > o
and thus where condition (10) is satisfied. A map of iso-profit contours is
depicted where the lowest corresponds to zero profits, and illustrates P(i), the
minimum network size that allows the intermediary to break even. Threshold
% corresponds to P(i) = 1, below which the intermediary is inactive and above
which network size is 1. The higher cost implications of higher prevailing
information costs are dominated by the commission effect through condition
(10), so the intermediary is active for all ¢ € P, 1}.

The corresponding expected trade pattern, E(T'), is illustrated in figure
(3). EPT(T) depicts the declining expected trade path that would prevail
without an intermediary. Despite the relatively low level of information costs
that prevail when the intermediary is inactive, a proportion of trade matches
1 — g(2) is lost due to information frictions. As barriers to information flow
worsen, an increasing measure of transactions fail to materialise, enabling the
intermediary to become active beyond threshold 7. The network enables all

trading pairs to match indirectly, raising trade volume to 1, despite the larger

®All figures for equilibrium (A) are illustrated for S = 9, ¢(i) = 1 — i*, (i) = * and
F =0.001.
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Figure 2: Equilibrium AO: path of network size with information costs.

frictions that a higher i implies. Moreover, Figure (4) illustrates the positive
welfare effect of the intermediary’s investment. Since profits from intermedi-
ation are monotonically increasing in i, the welfare gain from intermediation

increases as the barriers to information flow become more severe.

Equilibrium Intermediation Path (BO) Consider the iso-profit map?7
in figure (5) which reflects the intermediary’s incentives where 6 < a. For
relatively low levels of information costs i, expected profit is increasing with i.
For this range of information costs the revenue effect of increasing information
costs outweighs the cost effect. The trade-off between the two effects worsens

with i, however, for any given network size P > 0, until eventually the cost

7All figures for equilibrium (B) are illustrated for S = 1.2, ¢(i) = 1—i3, ¢(i) = i6 and
F = 0.005.
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Figure 3: Equilibrium AO: expected trade path.

effect outweighs the revenue effect. A trade network is thus unviable when
information costs are very low (i < i), or very high (i > i).

Figures (6) and (7) illustrate the corresponding expected trade volume
and welfare effects. The trade network represents a more efficient informa-
tion technology than direct matching, thereby improving welfare, but over a
limited range of i. The pattern of trade in equilibrium (BO) indicates that
even small changes in information costs may have dramatic implications for
the organisation of trade between direct and indirect as a result of pivotal
thresholds that trigger network investment or, indeed, network collapse.

The model points to the possibility of a complete reorganisation of trade
beyond threshold levels of information costs. The dramatic swings between

direct trade and intermediated trade result from the linear network cost spec-
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Figure 4: Equilibrium AO: expected welfare path.

ification. Since both direct and intermediated trade is observed in practice,
it is important to examine the conditions under which an interior equilibrium
exists and how it may be affected by information costs. In the next section,
network size is introduced as an argument of the intermediary’s cost function
and the interior equilibrium solved analytically under convexity in network-
building costs. Note that core propositions (7) and (8) do not rely on any

assumptions on costs and ¢ (i), so continue to hold.

1.2 Convex Network-Building Costs

This section allows the intermediary’s costs to depend on network size, P, in

addition to information costs i. In particular, let marginal costs of network
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Figure 5: Equilibrium BO: path of network size with information costs,

expansion be denoted by c(i,P), where:

c(0,-)=0;c(.,0)=10
Ci(t,P)> 0 ;Cit-(i,P)>0 (18)
Cp(i,P)> 0 ; Cpp(iP)> 0

Cip(i,P) = Cpi(i, P) > 0

As described in (18), c¢(7, P) is monotonically increasing in 7, for any given
network size P, and monotonically increasing in P, for any given level of
information costs. Convexity in network size P (but not i) is necessary in
order to generate an interior equilibrium. Let c(i, P) be specified by equation

(19), which satisfies the conditions in (18):
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Figure 6: Equilibrium BO: expected trade path.

c(i,P) = TiapP, where a > [j3 >2and 7 > 0 (19)

Parameter a is the elasticity of cost ¢{i,P) with respect to information
costs i and /3 is the elasticity of cost ¢ (7, P) with respect to network size P.
Coefficient 7 is a shift factor, which raises (or lowers) network investment cost
for given i and P. Total network investment cost C (P) = F + 2wiapP+lis
thus convex in P.

Further, let ¢g{i) be described by:

q(i) = 1—is, where $> 1 (20)

Hence, from proposition (2), the commission rate demanded by the inter-
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Figure 7: Equilibrium BO; expected welfare path.

mediary in equilibrium is a}(i) = is. Parameter <$thus denotes the elasticity
of the equilibrium commission rate with respect to information cost i.
Substituting (19) and (20) into equation (8) yields the following expression

for expected profits:

£(11/) = [1- g(i)] SP2- 2Pc(i, P) —F

= SisP2- 27iapP+l - F Q1)

Maximising (21) with respect to P yields equilibrium network size in terms

ofa, /7,7, Sand S. Analytically, this can be expressed 8 by:

8A derivation of (22) is included in Appendix B.
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P= [%}ﬁ >0 (22)

Equilibrium network size is given by (22), provided E(II;) >0 and P < 1,
which shows that the equilibrium pattern of intermediation and trade depend
on the relative values of 6 and a. The convexity of network investment costs
gives rise to an interior equilibrium, subject to the constraint imposed by the
size of the market and provided set-up costs F' are sufficiently low relative to
trade surplus S.

Proposition (9) describes the necessary condition for expected profit in the

interior equilibrium to be increasing in 1.

Proposition 9 Unconstrained expected profit is monotonically increasing with

the level of information costs if (8 + 1) > 2a.

Proof. For proof see Appendix A. m

Condition (8 + 1)6 > 2a implies that as information costs increase, the
direct matching route worsens relatively more than the cost of network provi-
sion. This gives rise to higher expected profits for the intermediary by relaxing
the constraint on the commission fee the intermediary can demand.

The analysis proceeds by distinguishing between four distinct equilibrium
patterns of network investment. The parameter space can be split into four
ranges, denoted by (A1)-(D1), each corresponding to a different set of incen-

tives for network investment. These are discussed in turn.
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(A1) 6 > a > 1: For this parameter range, the elasticity of the intermediary’s
optimal commission rate with respect to information costs, J, exceeds
the elasticity of the intermediary’s marginal cost of network expansion
with respect to information costs, given by a. Hence, as information
costs worsen, the increase in the commission rate the intermediary can
command exceeds the increase in networking cost ¢(i, P), making a net-
work expansion profitable. For this parameter range, optimal network

size is increasing with .

(B1) 6 = a > 1: If the elasticities of the commission rate and c(i, P) are
exactly equal, then the effects of changing information cost 7 on the in-
termediary’s cost and expected revenue exactly offset each other. Hence
the intermediary’s optimal choice of network size is unchanging with .
Note, however, that while the intermediary’s investment decision is unaf-
fected at the margin, it follows from proposition (9) that unconstrained

profits are increasing with i.

(C1) % < § < a: If the elasticity of marginal networking cost ¢(z, P) ex-

ceeds the elasticity of the commission rate with respect to ¢, then it
is optimal for the intermediary to contract network size as information
costs worsen. Despite the contracting network size, unconstrained ex-
pected profits are increasing with i. Recall that 8 is the elasticity of
c(%, P) with respect to network size P. Since (8 + 1)d > 2a holds, then

within this range of parameter values, cost ¢(i, P) is sufficiently elastic
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with respect to network size P, so as to offset the effects of information
cost % on c(i, P), thereby raising equilibrium profit overall.

(D1) 6 < 7;2%1: For this range of elasticities, the commission rate is less re-
sponsive to information cost ¢ than is networking cost ¢(%, P) and more-
over, the responsiveness of c(¢, P) with respect to P is not sufficient so

as to allow a contraction to offset the negative effect on expected profit.

Hence, equilibrium (unconstrained) expected profit is decreasing with 3.

The four equilibrium patterns of intermediation, (A1)-(D1), shed light on
how information frictions affect direct and indirect matching technologies. The
model thus suggests that we can learn about the relative elasticities of the costs
of network provision and the probability of direct matching from an empirical
examination of the impact of changing information costs on intermediation.

The rest of the section formally characterises the interior equilibrium path
of network size, expected trade and expected welfare for parameter ranges,
(A1)-(D1). Further intuition is provided through the discussion of illustrative

examples.

1.2.1 Equilibrium Pattern of Intermediation (A1)

Proposition 10 If d > a > 1, then the interior equilibrium is characterised
by the following:
(a) Network size is increasing in the level of information costs i and trade

surplus S and decreasing in cost parameters 8 and .
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(b) The proportion of indirect trade to total trade is increasing in the level of
information costs i. The relationship between total expected trade and infor-
mation costs is non-monotonic.

(¢) The contribution of intermediation to social welfare is positive and increas-

ing in the level of information costs i.

Proof. Formally, network size, P*, expected trade volume, E*(T), and ex-

pected welfare, E*(W), are described by:

(
0 if OSiSmin{?,l}
; o~ o~
P = [%]"*1 if min{i,l}gigmin{;,l}
1 if min{?,l}gigl
4
1- 4 if 05z‘5min{2,1}
2 —_—llx '~ o~
E(T) =4 1—i5+[;(%5]ﬁi”+112 if nﬁn{z‘,l}gigmin{?J}
1 if mjnﬁ,l}gisl
\
)
(1-i%) S if ogigmin{?,l}
E'W)=1{ (1-1i)8S+#SAPT — 29AF1i* —F if min{?,l}gigminﬁJ}
S —2yi® — F if min{?,l}gigl
e~ £+11 5ET 7=
whore A= 57— [ (3) (4951 >0

andc;'\z [@] = >0

For a full proof of the above see Appendix B.
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It follows from the interior equilibrium that:

2—

opP* -8 S =1 'EHE-&;—Q >0 when éd > a

% AB-DE+) \FB+D) "

opP* opP* opP*

5 >0 5 <0 5 <0 (23)

Moreover, E*(T') can be decomposed into direct and indirect equilibrium trade.
Let direct? and indirect trade in equilibrium be denoted by,E},(T),and E;(T),

respectively, where:

(1) = (1-#) {1 _ (7_*(9[;%) BE—I] (24)
§ié—= )%

(B +1) (29)

B = (

Let the equilibrium direct and indirect trade shares be denoted by sp and sy,

respectively, where:

_Ep(T) _ q(%) [1 - (P*)z] 6

Sp = E*(T) 46) [1 _ (P*)z] 4 (P*)2 (26)
* *\2

=B &) (27)

BNT) g [1- (P)?] + (P

It is straightforward to show that %i& < 0 and 8—51.1 > 0. Higher information

® E}(T) is not to be confused with EPT(T). E3(T') represents the equilibrium measure of
direct trade matches, as a component of equilibrium total trade E*(T). In contrast, E°T(T)
represents the measure of equilibrium total trade if there were no intermediary in the market.

50



costs correspond to both a larger network size and a lower probability of direct
matching. Both effects drive the result that the proportion of indirect trade
to total trade is increasing in the level of information costs. Moreover, for
1€ F, 1] , where P* = 1, all trade is intermediated, so sp = 0 and sy = 1.
Recall that EPT(W) is the expected welfare that would prevail if there were
no intermediary in the market. It follows from (17) that E*(W) — EPT(W) =
E*(II) is a measure of the intermediary’s contribution to social welfare. More-
over, since 6 > « > 1, it follows that § > z%;a. Hence, from proposition
(9), E*(IIy) is increasing in ¢ in the interior equilibrium, so the contribution
of intermediation to social welfare is both positive and increasing in the level
of information costs, where the intermediary is active.

Illustrative Example Figures (8) - (10) illustrate equilibrium network size,
expected trade and expected welfare, respectively, for i € [0, 1], for parameter
values B =2,y=1,0=4,a =2, F = 0.001 and S = {2.5, 3,4}, which satisfy
6 > a > 1 and the convexity assumption 3 > 2.

Figure (8) illustrates the positive relationship between optimal network
size and prevailing information costs where the elasticity of the intermediary’s
commission exceeds the elasticity of cost ¢(i, P) with respect to . The fixed
set-up cost F implies that information costs must be above a threshold level for
intermediation to be profitable in the two-sided market. The optimal network

path is illustrated for (a) S = vy(8+1), (b) S > v(B+1) and (c) S < y(B+1),
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verifying that network size and threshold level ? are increasing in S relative to
cost parameters 8 and 1.

Figure (9) illustrates the effect of intermediation on total expected trade
between the two sides of the market. The intermediary’s network investment
provides access to a more efficient matching technology than direct trade,
thereby raising total trade relative to access to direct matching only. The
relationship between expected trade volume and information cost ¢ is non-
monotonic due to the conflicting effects of information cost 7 on the constituent
parts of expected trade. For this range of parameters, the intermediary finds it
optimal to increase network size with ¢, thereby increasing the expected mea-
sure of intermediated trade matches. The impact on direct trade is twofold.
First, higher information cost worsens the probability of a direct match, and
second, the expansion in network size results in a smaller expected pool of
unmatched traders in stage 4. The net effect is ambiguous, giving rise to a
non-monotonic relationship between ¢ and total expected trade E(T) in equi-
librium.

Figure (10) shows that intermediation is welfare improving and that it

more so when information cost is higher.

1.2.2 Equilibrium Pattern of Intermediation (B1)

Proposition 11 Ifé=a > 1 and S < v(B+1), then there exists an interior
equilibrium characterised by the following:

(a) Network size is independent of the level of information costs i, increasing
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Figure 8: Equilibrium Al: path of network size with information costs.

in trade surplus S and decreasing in cost parameters (3 and 7 .

(b) The measure of intermediated transactions is independent of the level of
information costs but represents an increasing proportion of total trade, which
is unambiguously decreasing in information costs i.

(¢) The contribution of intermediation to social welfare is positive and increas-

ing in the level of information costs i.

Proof. If 5 =a > 1 and § < 7(¢/3 + 1), then equilibrium network size, P *,

expected trade volume, E *(T), and expected welfare, E *(W ), are described by:

0 if 0<ic< mian,lj
pP*

7(0:_1) 1 lf minjz, 11 <i<
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Figure 9: Equilibrium Al: expected trade path.

1-i if 0<i<miniji,lj
EXT) =

1 1-B~'" if mn 1j <i<1

a1— if 0<2<minl«, 1|
E*(W) =

(1-i5S+i6SBA - 2isiB ~ - F if min{?,1}<«<l

where B = 7" 1) and i =

For a full proof of the above see Appendix C.

IfS=a > 1and § > 7(/3+ 1), then the unit measure of market size poses
a binding constraint. The constrained optimum network size is thus P* = 1,
provided £7(11/) > 0. The equilibrium is analogous to that of proposition (5),
with cost given by c(i, 1).

Whether constrained or unconstrained, the equilibrium network size is con-

stant over the range of values of i where £7(11/) > 0. It follows that the
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Figure 10: Equilibrium Al: expected welfare path.

measure of intermediated trade is also constant. Where P* < 1, Equations

(24) and (25) simplify to:

It follows immediately from (28) and (29) that indirect trade is constant and
direct trade decreases with i as the probability of successful matching declines.
Hence, < 0 and > 0. At the limit where P* = 1, all trade is interme-
diated, so E% (T) = sd = 0and EJ(T) = §j — 1.

Furthermore, since 8 = a > 1, it follows that 8§ > Hence, from

proposition (9), .E*(n/) is increasing in i in the interior equilibrium, so the
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contribution of intermediation to social welfare is both positive and increasing
in the level of information costs, where the intermediary is active.

The constrained profit path, where P* = 1 is lower than if the intermediary
could expand the trade network further, but increasing in i nonetheless, since

E(ll)po =9(S—2y)—F. =

Illustrative Example Figures (11) and (12) illustrate!’ the equilibrium
network size where § = a > 1. Figure (11) shows that optimal network size
is unaffected by the level of information cost i. The intermediary’s optimal
investment is again increasing in S relative to cost parameters 8 and «. Figure
(12) shows that expected trade volume decreases monotonically with ¢, but lies
above the expected trade path that prevails with access to direct matching

only.

1.2.3 Equilibrium Pattern of Intermediation (C1)

Proposition 12 If#a < 6 < a, then the interior equilibrium is charac-
terised by the following:

(a) Network size is decreasing in the level of information costs i and cost pa-
rameters B and vy and increasing in trade surplus S.

(b) Indirect trade is decreasing and direct trade increasing in information costs
1. Total expected trade is unambiguously decreasing in information costs t.

(c¢) The contribution of intermediation to social welfare is positive and increas-

1%Figures (11) and (12) are illustrated for 8 = 2,y =1, a = § = 3, F = 0.001 and
S ={2,3}.
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Figure 11: Equilibrium Bl: path of network size with information costs.

ing in the level of information costs i.

Proof. If 7°-j-a < 6 < a, then equilibrium network size, P*, expected trade

volume, E*(T), and expected welfare, E*(W), are described by:

0 if 0<i<minjt, 1]
P*= if minjz,1j <i<min| ] 1j
7(ysj)ia~6 1 if minjz,1j <i<1
1-i* if 0<z<minjz, 1|
EXT) = <4 if minjz,1| <i<min 1j
1-i6+ p_JiS(Pﬁty)fb if min<zlz<z<lI
(1 —is) S if 0<i<min 1]
EX(W) = §.270Q- F

if minjz,lj <i <minji, lj

(1-i6)S +i6SG» -2-/G ia-F if minj?,lj<z<l
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Figure 12: Equilibrium BI: expected trade path.

where G = yo0 +lyia-& and i is the1l smaller positive root of

£(11/),p=1 = Sis —27ia —F —0 and i = TPiT) a > 0.
The proof of the above is in Appendix D.
It follows from the interior equilibrium that:
* _ fil+(e o)
df; 7(0(?1)(6{{11) VA + 1) i P <0 whena>S§
A B B o

N This is the threshold above which the intermediary can attain a positive profit. It is
computed based on the constrained profit equation, where P = 1. If F is sufficiently high,
however, market size is not a binding constraint in the region where 1?(II/) = 0. so the

threshold which applies is: iip-p = > 0.
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Hence, optimal network size is decreasing in 7 and cost parameters, but in-

creasing in S. Moreover, E},(T), and EJ(T),are given by:

E5(1) = (1-#) [1 _ (W)T} (31)

B0 = (55 - (52)

The decline in network size with information cost ¢ is mirrored by E}(T) when
a > §. The decline in intermediated matches with ¢ increases the measure of
traders seeking a direct match in stage 4. At the same time, a higher 7 implies
a lower probability of successful direct matching.

Furthermore, since § > (%50” it follows from proposition (9) that E*(IIy)
is increasing in information cost ¢ in the interior equilibrium. Hence, the
contribution of intermediation to social welfare is both positive and increasing
in the level of information costs, where the intermediary is active.

1.2.4 Equilibrium Pattern of Intermediation (D1)

Proposition 13 If§ < —B%a, then the interior equilibrium is characterised
by the following:

(a) Network size is decreasing in the level of information costs i and cost pa-
rameters 3 and v and increasing in trade surplus S.

(b) Indirect trade is decreasing and direct trade increasing in information costs
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i. Total expected trade is unambiguously decreasing in information costs i.
(¢) The contribution of intermediation to social welfare is positive but decreas-

ing in information costs i.

Proof. If § < %a, then equilibrium network size, P*, expected trade vol-

ume, E*(T'), and expected welfare, E*(W), are described by:

0 if ogigmin{ﬂpzl,l}
1 if min{ﬂp=1,1}gignﬁnﬁ,1}
P* =4 .
S -1 . -~ >
[W] Zf Inll’l{\ 1} <’L<II11I1{ [P:}B’l}
\0 if min{lp P,l}<z<1
4
1— 4 if ogigmm{ﬂp=1,1}
1 if min{?lp=1,1} Sigminﬁ,l}
E*(T) = t s
. B-1 ..1_3_)_“ —2x . = . . [~
1—-9+ [Wsm] = if mm{z\,l} <i< mm{zlpzf,,l}
| 1-48 if min{?lpzf,,l}gig1
r —~
(-i%)s if OSiSmin{ilpsl,l}
S—2yia—F if min{ﬂp=1,1}gz'smin{?,1}
E*(W) =« S

(1—1i0) S +#SAPT — 2yAF e — F if minﬁ,l}gigmin{/{lpzf,,l}

(1-#)s if min{i, 51}<i<1

\
1

_ Sié—«a :.:_ S a—9
whereA-—W’F_‘_—ﬁ,z— [m] > 0,

/{I p=1 is the smaller positive root of E(Ilf)|p—; = S —29i* —F =0

= [ () ()5 T >0

For a proof of the above see Appendix E. The trade effects follow from the
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proof of Proposition (13). Expected profit is unconstrained in the interior
equilibrium. Since § < %a then it follows from proposition (9) that ex-
pected profit and thus the contribution of intermediation to social welfare is

decreasing in the level of information costs i. m

Illustrative Example Figure (13) illustrates!? the pattern of network in-
vestment where § < %a. For this range of elasticities, the commission rate
is less responsive to information cost ¢ than is networking cost ¢(z, P), giv-
ing rise to a negative relationship between network size and information costs
along the interior path. Moreover, as illustrated in figure (14), unconstrained
expected profit, denoted by EU(II;) rises without limit as ¢ — 0, which im-
plies that in the absence of a binding market size constraint, the intermediary
finds it profitable to invest in an an ever-increasing network size as informa-
tion costs tend to zero. Thus below threshold ?, equilibrium network size is
constrained by the size of the market. For interval i € [O,ﬂ the intermediary’s
expected profits follow the constrained path, denoted by EC(II 1)|p=1 in figure
(14). While unconstrained expected profit is increasing , constrained expected
profit is declining as information costs tend to zero, rendering the network

unviable below some threshold level 3.

2 Tllustrated for parameter values « =6, =3,8=2,vy=1, F=0.1,and S=2.
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Figure 13: Equilibrium DI: path of network size with information costs.
1.3 Conclusion

This chapter presents a pairwise matching model with two-sided information
asymmetry between trade partners, where an intermediary has the opportunity
to invest in a network of contacts and facilitate trade matching for a success
fee. The framework innovates by examining the role of information costs on
incentives for trade intermediation, thereby endogenising the pattern of direct
and indirect trade.

The framework delivers four key results. First, intermediation unambigu-
ously raises expected trade volume and social welfare by expanding the set
of matching technologies available to traders. Second, convexity in network-
building costs is necessary for both direct and indirect trade to arise in equi-

librium; otherwise, the level of information costs determines whether all trade
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Figure 14: Equilibrium DI1: constrained and unconstrained profits.

is routed through the intermediary or takes place directly.

Third, under assumptions of convexity in the intermediary’s technology,
optimal network size and hence the equilibrium pattern of trade is shown to
depend on the level of information costs as well as the relative effectiveness of
direct and indirect matching technologies with changing information costs. In
particular, if the probability of direct matching is more responsive to changing
information costs than is the cost of network expansion, then indirect trade
offers a relatively more attractive matching technology than direct trade as
information costs rise. Hence, the proportion of indirect trade to total trade
is increasing in the level of information frictions. Conversely, if networking
costs are more responsive than the probability of a direct match, then the

intermediary has an incentive to contract network size with the opposite trade
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implications. The model thus suggests that we can learn about the relative
elasticities of direct and indirect matching technologies from an empirical ex-
amination of the impact of changing information costs on intermediation.
Finally, the model sheds light on the relationship between information fric-
tions and aggregate trade volume, which may be non-monotonic as a result of
conflicting effects of information costs on the incentives for direct and indirect
trade. Higher information costs worsen direct matching prospects but can,
at the same time, provide an incentive for network-building and thus indirect

trade through a trade network.

64



References

[1]

2]

(3]

[5]

[6]

[7]

Anderson, J. E. and D. Marcouiller (2002), “Insecurity and the Pattern of
Trade: An Empirical Investigation”, Review of Economics and Statistics,

Vol. 84, No. 2, pp. 342-352

Biglaiser, G. (1993), “Middlemen as Experts”, RAND Journal of Eco-

nomics, Vol. 24, No. 2, pp. 212-223

Biglaiser, G. and J. W. Friedman (1994), “Middlemen as Guarantors of
Quality”, International Journal of Industrial Organisation, Vol. 12, No.

4, pp. 509-531

Casella, A. and J. E. Rauch (2002), “Anonymous Market and Group
Ties in International Trade”, Journal of International Economics, Vol.

58, No.1, pp. 19-47

Li, Y. (1998), “Middlemen and Private Information”, Journal of Mone-

tary Economics, Vol. 42, No. 1, pp. 131-159

Portes, R. and H. Rey (2005), “The Determinants of Cross-Border Equity

Flows”, Journal of International Economics, Vol. 65, No. 2, pp. 269-296

Rauch, J. E. and V. Trindade (2000), “Ethnic Chinese Networks in Inter-
national Trade”, Review of Economics and Statistics, Vol. 84, No. 1, pp.

116-130

65



[8] Rauch, J. E. (2001), “Business and Social Networks in International

Trade”, Journal of Economic Literature, Vol. 39, No. 4, pp. 1177-1203

[9] Rauch, J. E. and J. Watson (2002), “Network Intermediaries in Interna-
tional Trade”, Journal of Economics and Management Strategy, Vol. 13

No. 1 (2004): 69-93

[10] Rubinstein, A. and A. Wolinsky (1987),“Middlemen”, Quarterly Journal

of Economics, Vol. 102, No. 3, pp. 581-593

[11] Shevchenko, A. (2004), “Middlemen”, International Economic Review,

Vol. 45, No. 1, pp. 1-24

[12] Yavas, A. (1994), “Middlemen in Bilateral Search Markets”, Journal of

Labour Economics, Vol. 12, No. 3, pp. 406-429

66



Appendix A. Proof of Proposition 9.

Differentiating (21) partially with respect to 7 yields:

OE(Il;)
o

—P [2¢; (3, P) + PSq (3)] (33)
It follows directly that expected profits are increasing with ¢, if:

a6 P) <~ 224 () (34)

Substituting for ¢; (¢, P) and ¢ (¢) simplifies the condition to:

Sé
Pﬁ+1 5—a 35
< 2oy’ (35)
e 1
Substituting the expression for (interior) equilibrium network size, P* = [ﬁﬁ;] =1

and rearranging, yields the necessary and sufficient condition for unconstrained

equilibrium profits, E*(II;), to be increasing in i:

(B+1) > 20 (36)

Appendix B. Proof of Proposition 10.

Maximising (21) with respect to P yields the first order condition:
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OE(Ily)
oP

— 9P [Si5 —y(B+1) Pﬁ-lia] =0 (37)

Solving yields the interior profit-maximising network size, 13, where:

P= [%r}l >0 (38)

The second order condition is found to be:

O’E(1Iy)

Spr =2 [Si5 —vB(8 + l)Pﬂ“li"‘] (39)

1
5 B-1 .
i ] ' Since

The second order condition is negative provided P > [m
B8>2, P> [W?%] P and so corresponds to an interior maximum.

The intermediary sets P = P provided E(II;) > 0 and P < 1. Let i de-
note the threshold level of information costs at which F (H1)| p—p = 0. Since
d > a > 1, it follows that (8 + 1) > 2a, so, from proposition (9), E(II)

is increasing in % in the interior equilibrium. Hence, E(II;) > 0 when ¢ > i

Solving E(HI)l p_p = 0 for i yields:

B+173 ,s+} —%a
~ 2 F -1
= ["’ " (55) (57) } 4
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Equilibrium network size is thus P* =0 for 7 € [O, min {/z\, 1}] .

Furthermore, Pis increasing in ¢ since 6 > a > 1, but network size is con-
strained by market size.

Let ?denote the threshold level of information costs, at which P=1. Solving

P =1 for i yields:
1
1= [M]“ “ (41)

Hence, equilibrium network size is P* =1 for i € [min {f, 1} , 1] .
For values i € [min {;, 1} ,min ﬁ, 1}] , where E(II;) > 0 and P < 1, network

1
size follows the interior path P* = P = [%] P=T_ These results are sum-

marised by:
4
0 if osigmin{i,l}
1
Pr={ [%;%] f nﬁn{i,l}gz‘gmin{{,l}
1 if min{f,l}gisl

w]m—ﬁm

where 7= |77 (5£5) (&%) >0 and 3= [182] ™ > 0.

If 0 <i < min {?, 1}, then the intermediary does not invest in a trade net-
work and all trade takes place directly. The expected trade volume is thus
q(i) = 1 —4°. If min ﬁ, 1} <4 < 1, then the intermediary’s network spans
the entire market so all transactions are intermediated and trade volume is 1.
For values of %, min {?, 1} < i < min {/z':, 1}, both direct and indirect trade
are observed in equilibrium. Substituting P* into equation (13) yields the

equilibrium expected (total) trade path over this range of information costs.
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These results are summarised by:
4

11— if osigmin{?,1}
27 8(B+1)—2a ~ N
E*(T) = 1—i5+[7(73$ﬁ5]‘9—1 P =l min{i,l}gigmin{i,l}
1 if min{?,l}gz‘gl

1
-~ 2 B+113 ) 2a ~ 1
where i = [73—1 (%) (%) B“} > 0andi—= [7£ﬂ+1)] == 0.

Finally, the piece-wise function E*(W) follows directly from substitution

A
of P* =0, [%] #~! and 1, respectively, into equation (17). This yields:

4

(1-#)s if 0<i<min{i1}

E* (W)= (1-14)8+i3SAPT — 20AFTi*—F if min{?,1} sismm{?g}
S—2yi*—F if minﬁ,1}5i51

1
T B+11 FATI=2a ~ 1
where i = 733—1 (%) (%1) B——l] >0andi= [1(%2] *~% > 0and
_ Sif-«
A= 1Z;3+15

Appendix C. Proof of Proposition 11.

The equilibrium path if § = o > 1 follows directly from equation (22). If

6 —a =0, then P simplifies to:

B5—q is a positive constant, that represents the profit maximising network
size. From (42) it follows that equilibrium network size, trade and welfare
depend on whether (i) S <~(8+1) or (ii)) S >~(8+1):

(i) If S < (8 + 1), then Ps_, < 1. Let i > 0 denote the threshold level
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of ¢ at which E*(II;) = 0. Since ¢ = ¢, it follows from proposition (9) that
(B + 1) > 2a, so E(II) is increasing in % in the interior equilibrium. Hence,

E(II;) < 0 when i < %. Solving E(II I)I p—p = 0 for i and simplifying yields:

2 F 1 % P
) EH T @

Equilibrium network size is thus P* =0 for 7 € [0, min {?, 1}] .

For all values of i > ’z\, expected profits are positive, so the intermediary
invests in contact-building to }3|5=a < 1. Equilibrium network size is thus
P = f’|5=a for i € [min {/7,\, 1} , 1]. Furthermore, substituting both P* = 0
and [7(-‘%5] Bi_linto equations (13) and (17), respectively, yields the piece-
wise functions E*(T) and E*(W).

(ii) If S > (B + 1), then }3]5=a > 1, so the constraint imposed by market size
is binding. The constrained optimum is thus P* = 1, provided E(II;) > 0.
The equilibrium is analogous to that described in proposition (5). P* = 0
below a threshold value 7, that solves E(II Dip=1 = (S —2y) — F =0, and

P* =1 otherwise.

Appendix D. Proof of Proposition 12.

The equilibrium path if [T-Zrl'a < & < o follows directly from equation (22).

Since § < a, then P can be rearranged to give:

1

~ S -1
R [sgr ] >0 )
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From (44) it follows that %—1;3 < 0, so the interior equilibrium path of network
size is declining with information cost i. Moreover, the second order condition

1
in equation (39) is negative provided P > [W‘%ﬁa—_;] P~ Since 8 > 2 it

L
]5—1 . Hence (44) corresponds to an

S S
must be true that Ps.o > [Ws

interior maximum.
Let 7 denote the threshold level of information costs, at which 13|5<a = 1.

Solving for % yields:

1

[l

~.))

Let 7 denote the threshold level of information costs at which E(II) = 0. Since
the interior equilibrium path of network size is declining with information cost
i, then for sufficiently low F, the threshold 7 corresponds to a range where
P = 1. If so, then i solves E(Ily)|p=1 = S —2vi*—F =0 and’i\si where’z":is
described by equation (45). If (for sufficiently high F) threshold 7 corresponds
to arange where P = ﬁl¢5<a7 however, then i solves E (11 I)I p—p = 0. This yields
the threshold level in equation (40) and must exceed /z/':, where 7 is described
by equation (45). If the value of 13|5<a at B (l'I_r)| p_p = 0 exceeds 1, then this
indicates that the constrained optimisation applies and the relevant threshold
is 7 solves E(I[)p=y = Si® —2vi® — F = 0.

These results are summarised by:
4

0 if ogigmin{?,1}
=< if min{%l}gigminﬁ,l}
1
\ [W;%,-_—g]r’ if min{?,l}gigl
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~. = a5
where 1 is as above and 7 = [TyTﬁSTli] N

The piece-wise functions E*(T) and E*(W) follow directly from P* and

equations (13) and (17), respectively.

Appendix E. Proof of Proposition 13.

Ifé < %a, then from proposition (9) it follows that E(II7) is decreasing
in information cost 4 in the interior equilibrium. Moreover, since § < a, the
interior path is described by 13|6<a, where 13[6<a is given by equation (44).
The declining profits along the equilibrium path imply that as i — 0, P — oo,
hence the constraint that P = min {ﬁ, l}is binding. Let i denote the thresh-
old level of information costs, at which 13|5<a = 1. This corresponds to the
threshold given by equation (45).

Further, let 7 denote the threshold level of information costs at which E(II;) =
0. While unconstrained profit is decreasing with i, constrained profit E(Il;) p=1
is increasing for low values of ¢ (hence, expected profit is non-monotonic with
information cost 7. Case D under convex network-building costs is analogous
to Equilibrium B described in proposition (6) under the linear cost specifica-
tion).

~

Let §jp—y solve E(I7)p=1 = 0 and 7 p_p solve E(Ily) p_p = 0. It follows
from § < ﬁ—i—l-a and the definition of 7 that /Z.\lp=1 <i< ’i\iP=I~>' Thus, E(IIf)

is non-negative between these thresholds. Hence, the intermediary is inactive
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for low levels of information cost i < ’z\l p—iand also for i Z/{F pop-

0 if ogigmjn{ﬂpzl,l}
1 if mn{?|P=1,1}5igmﬁ,1}
Pr={
= . NG R
[Wﬁ—-q-%zn—-"] if mm{?,l}ﬁzﬁmm{zlP:I;,l}
0 if min{p_p1} <i<1

The piece-wise functions E*(T) and E*(W) follow directly from P* and equa-

tions (13) and (17), respectively.
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2 Competing for Contacts: Network Competition,

Trade Intermediation and Fragmented Duopoly

This chapter extends the two-sided, pairwise matching model with a single
intermediary, developed in Chapter 1, to analyse the effects of competition
between intermediaries on endogenous network-building. The simplest frame-
work within which to undertake such an analysis is the case of two trade
intermediaries competing in network size and commission rates.

The model analyses the strategic interaction between two information in-
termediaries with symmetric access to an information technology that allows
them to develop contacts with importers and exporters seeking to form unique
trade matches. The intermediation analysed takes the form of information in-
termediation, where the role of intermediaries is to facilitate matching in a
market with information frictions. Intermediaries thus seek to match mem-
bers of their network of contacts for a success fee.

The related literature on competition between information intermediaries
is limited to relatively few contributions, where these focus on competing
‘cybermediaries’ who seek to match two sides of a market on the Internet
(Caillaud and Jullien, 2001, 2003). The main role of intermediaries in this
literature is to gather and process information on users that visit their website
so as to assist buyers and sellers in matching through their web service. This
literature focuses on the effects of competition between online intermediaries

in the presence of asymmetric network externalities where the value of an in-
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termediary to a buyer depends on the number of sellers or goods that can be
accessed through the intermediary (e.g. access to books through Amazon ver-
sus a smaller online seller). The literature discusses different pricing rules and
contractual arrangements between users and intermediaries and contrasts the
effects with the findings of the traditional literature on network competition
(for example, Katz and Shapiro, 1985).

This chapter examines a framework of competition in information inter-
mediation that differs from this literature. The focus of the model is the
endogenous network investment decision of competing intermediaries, which
in turn affects the nature of competition between them. While the importance
of network size for competition is addressed in the literature, this is explored in
the context of network externalities, whereby an intermediary that offers wider
access to trading partners is considered more valuable to traders. The analysis
in this chapter does not consider network externalities of this kind. Moreover,
there are no asymmetries built into the model (although asymmetries between
intermediaries may arise in equilibrium). In fact, the model 'é:ssurnes that
traders receive intermediation offers by intermediaries after uncertainty about
matching possibilities is resolved. That is, traders who find themselves in a
position to choose between the two competing intermediaries, do so in the
knowledge that a match with their unique trading partner is possible.

The model focuses on the competition between intermediaries in commis-

sion rates and the coordination game played by trading partners who must
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select between intermediaries. Moreover, in contrast to the analysis of Chap-
ter 1, where the intermediary has exclusive access to traders in his network, the
competition between intermediaries gives rise to a distinctive market structure
as a result of network overlap and the inability to price discriminate between
groups of network members. In particular, intermediaries are monopolist ser-
vice providers to some contacts but duopolists over contacts they share in
their network overlap. The chapter thus models competition between infor-
mation intermediaries as a fragmented duopoly with a competitive and a non-
competitive segment, which gives rise to an undercutting game in commission
rates with no pure strategy Nash equilibrium.

To the best of my knowledge there is no literature that examines compe-
tition in endogenous network formation in this way.

A few references in the Industrial Organisation literature consider markets
with similar characteristics. Baye and De Vries (1992) develop a model with
brand loyal consumers and price-sensitive consumers, in a market where price
discrimination is not possible. They too find no pure strategy Nash equilibrium
in prices.

Beard, Ford, Hill and Saba (2005) build a model directly applicable to ca-
ble television service competition, in which cable networks overlap, but price
discrimination across users is not possible. They do find a pure strategy Nash
equilibrium in prices, despite the fragmented nature of the market, as a result

of smoothness conditions that ensure demand is decreasing in price in both
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market segments. The network overlap itself is exogenous in Beard, Ford,
Hill and Saba (2005), while the distribution of brand loyal versus price sen-
sitive consumers is also arbitrary in Baye and De Vries (1992). In contrast,
intermediaries’ network sizes are endogenous in the model developed in this
chapter.

The rest of the chapter proceeds as follows. Section 1 describes the eco-
nomic environment and describes the timing of the game between traders and
intermediaries. The subgame perfect equilibrium is characterised in Section 2.

Section 3 provides two illustrative examples. Section 4 concludes.

2.1 Economic Environment

Consider the two-sided market of Chapter 1, where a continuum of risk-neutral
importers (M) and a continuum of exporters (X), each distributed uniformly
and with unit density over [0,1], match uniquely to exchange a single unit of
output generating joint surplus S > 0. There is two-sided information asym-
metry as traders regarding the location of trading partner on the continuum.
Due to the infinite number of importers (and exporters) along the continuum,
the probability of any trader j locating her partner through random selection
is 0.

Each pair (X;, M;) may match through a direct matching technology,
which achieves successful matching with probability ¢(7), where ¢ reflects the
level of information costs or barriers to information flow between the two sides

of the market and i € {0,1]. Let ¢/(3) < 0, ¢(1) = 0 and ¢(0) = 1. This direct
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matching technology could reflect a search process whose success hinges on
the state of information technology.

Alternatively, traders may match through a trade intermediary. Suppose
there are two intermediaries, A and B, with access to the same technology for
developing a network of contacts. The network of intermediary I is denoted
by a measure of importer contacts, Ppsy, and exporter contacts, Pxy, where
Pyr € [0,1) and Pxy € [0,1], respectively, for I = {A, B}. Given network
size, the measure of feasible trade matches depends on the degree of overlap
between importer and exporter contacts and is a random variable. For any
given network investment, expected matches are maximised through symmet-
ric contact-building!® in the two sides of the market. Hence intermediaries
ensure Py = Pxy = Py VI, where Py € [0,1].

Network set-up costs are assumed to be zero, for simplicity. Let C (FPy)
denote the total investment cost for a symmetric network of size Pr on either
side of the market. The network investment decisions of intermediaries are

analysed under two cost specifications:
(a) Linear costs: C (Pr) = 2Pjc, where ¢ > 0.

(b) Convex costs: C (Pr) = 2Pyc(i, Pr), where c(i, P) = vi®P? and a > 1,

¥>0.

For simplicity, it is assumed costless to match trade pairs from within the

network of contacts. Hence, each intermediary has a marginal cost of interme-

13This is proposition 1 of Chapter 1.
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diation equal to zero. Intermediaries receive a success fee or commission for
each intermediated trade match. Let ag and ap denote the commission rates
of intermediaries A and B, respectively, where a4 € [0,1] and ap € [0,1].
The marginal revenue from intermediation is thus a4S and agS for A and B,
respectively. Residual trade surplus is assumed to be shared equally between
the importer and exporter.

The demand for each intermediary’s services depends on two factors. First,
the network size decisions of the two intermediaries. A larger network size
gives rise to a larger measure of expected matches through the network, but
also increases the expected overlap between networks. Expected overlap gives
rise to an expected measure of common matches that can be intermediated
through either network and for which intermediaries compete. Second, traders
with access to both trade networks must choose between the intermediaries ez

post and play a coordination game.

2.1.1 Timing of the Game

Intermediaries and traders interact strategically in a multi-stage game. The

timing of the game is as follows.

Stage 1 - Network investment: Intermediaries A and B simultaneously
and non-cooperatively choose network sizes P4 and Pg. Network in-

vestment costs are sunk.

Stage 2 - Commission setting: Intermediaries simultaneously and non-cooperatively
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commit to commission rates a4 and ap, respectively.

Stage 3 - Intermediation offers: Uncertainty over which trade matches are
feasible through each network is resolved. Each intermediary makes a
take-it-or-leave-it intermediation offer to traders that can be matched,
specifying his commission rate. Successful matching is conditional on
both trade partners accepting an offer by the same intermediary. Traders

accept at most one offer.

Stage 4 - Indirect trade: Indirect trade takes place through A and/or B.

Stage 5 - Direct trade: Any unmatched traders trade directly with proba-

bility ¢(2).

2.1.2 Equilibrium Concept

The solution concept used is subgame perfect equilibrium (SPE) and the
method used is backward induction. A strategy for intermediary I is described
by a pair {P,as}. An offer acceptance strategy for trader j is described by a
pair {R,, Rs}, where R, is a rule for determining whether an intermediation
offer is acceptable and R; is a rule for selecting between acceptable offers. A
set of strategy pairs, for intermediaries and traders, respectively, can be said
to form an equilibrium of the game if these maximise the expected profit of
each intermediary and the expected surplus from trade of each trader, given
the strategies of all other players.

The subgame perfect equilibria of the game are characterised over the next
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sections.

2.2 Traders’ Incentives

Traders select their offer acceptance strategy to maximise their expected pay-
off taking intermediaries strategies as given. Each trader in receipt of one
or more offers must decide whether to accept one (or none) of the offers of
intermediation. If all offers are rejected in stage 3 then trade can only take
place directly in stage 5 of the game with probability ¢(7). The expected pay-
off from the direct trade route represents the outside option available to all
traders and forms the benchmark against which all intermediation offers are
assessed. Equilibrium rule R, summarises this assessment through a partici-
pation constraint.

Although uncertainty about available matching opportunities is resolved at
the time of traders’ decision-making, indirect trade between matching trade
partners is not guaranteed. The uncertainty in the outcome of the model
arises, in part, from the coordination game played by traders in receipt of two
offers of intermediation. Equilibrium rule R; summarises the incentives for
selecting between available offers of intermediation, when both of these are
acceptable. Since traders cannot communicate their intentions, there is a non-
zero probability of coordination failure as a result of mismatch in coordination
decisions.

The incentives of traders at each decision node of the game are examined

in turn.
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2.2.1 Stage 5 - Direct Trade

The pool of traders who attempt to match directly in stage 5 are those who
either (a) receive no offers of intermediation , (b) accept no offers of interme-
diation, and (c) accept one offer but fail to match as a result of coordination
failure. Since importers and exporters are assumed to match uniquely, any
unmatched trader j can be assured that her trading partner is also a member
of the pool of unmatched traders. The probability of a direct match, ¢(3),
depends on the prevailing, level of information costs, reflected in parameter
2. Assuming trade surplus is shared equally between trading partners, the

expected payoff from direct trade of any trader j is given by:
1 .
EPT(IL;) = 54(5)S (46)

Recall from Chapter 1, that a monopolist intermediary sets his commission
rate at 1 — g(%), thereby leaving traders indifferent between direct and indirect
trade. Let o™ denote the monopoly commission rate, where a™ = 1 — g(i).
Expressing (46) in terms of o™ gives:

EPT(IL) = 5 (1-o™) § (47)

D] =

The expected payoff from direct trade reflects traders’ outside option. All
offers of intermediation must generate an expected payoff at least as good

as EPT(I1;) in order to be acceptable. Interpreting equation (47), duopolist
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intermediaries must offer traders an expected payoff from indirect trade at
least as good as that which would have been received under a monopolistic

market structure.

2.2.2 Stage 3 - Intermediation Offers

In stage 3, traders X; and M; find themselves in one of four positions:

(1) Pair (X;, M;) cannot match through either intermediary.

(2) Pair (X, Mj;) can match through A, but not B; traders receive one offer

from A.

(3) Pair (X;, M;) can match through B, but not A; traders receive one offer

from B.

(4) Pair (X;, M;) can match through either A or B; traders receive two

intermediation offers.

If in (1), then X; and M have no option but direct trade in stage 5. If in
position (2)-(4), then X; and M; contrast the expected payoff from each offer
received against the expected payoff from direct trade.

Let H;f‘ denote the payoff of trader j from indirect matching through A and

Hf the payoff through B, where these are given by (48) and (49), respectively:

m = %(1—a,4)s (48)
n; = %(1—%)5 (49)
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It follows directly from (47), (48) and (49), that if a4 < o™, then interme-
diation through A is acceptable and if ag < aM, then intermediation through
B is acceptable. In general, all offers must satisfy the participation constraint
ay < a™ in order to be acceptable. '

In the case where X; and Mj; receive only one offer, the optimal selection
rule is thus to accept the unique acceptable offer. The optimal acceptance
strategy conditional on one offer being received is thus ‘accept offer I if oy <

M

a™; reject otherwise’. The next section examines the selection decision of

traders in receipt of two offers.

The Trader Coordination Subgame Consider a trade pair (X, M;) that
can match through either A or B. In stage 3, X; and M each receive two
offers of intermediation. They apply optimal rule R, to assess the acceptability
of each offer. Since expected payoffs are symmetric for both traders, their
assessment of offers is identical.

If both offers are deemed unacceptable, X; and M; reject both offers and
can expect to receive EDT(HJ') in stage 5. If one offer is acceptable and the
other unacceptable, then the optimal decision is for X; and M; to reject the
unacceptable offer and trade indirectly in stage 4. Hence, in the case of one
acceptable offer, there is no possibility of coordination failure.

If both received offers prove to be acceptable for X; and M;, then each
trader j must choose between them. This gives rise to a coordination game

between X; and M;. As with all games of this class, there are three equilibria,
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two symmetric pure strategy Nash equilibria (both choose A or both choose
B) and one symmetric mixed strategy Nash equilibrium, where both traders
choose A (or B) with the same probability.

If both X; and Mj accept A in stage 3, then each receives Hf. If they
both accept B, then each receives Hf . If one accepts B and the other A, then
indirect trade cannot take place due to coordination failure. Thus mismatch
can arise in the model even though both traders are members of both networks
and both offers are acceptable. If coordination failure takes place, traders can
expect to receive expected payoff EPT(II;). Table (1) describes the payoff

structure of the coordination game:

M;
A B
A S(l-aa),51-aq) |$(1-aM), 5 (1-aM)
X
B S(1-aM),5(1-aM)| £(1-0ap),$(1-ap)

Table 1: Traders’ Coordination Game

For both offers to be acceptable, it must be the case that ay < o™ and
ap < oM are satisfied. This allows the payoffs in table (1) to be ranked,
confirming (A, A) and (B, B) as the two pure strategy Nash equilibria of the
coordination game. Either both traders accept A, or both accept B.

Allowing traders to randomise over A and B, such that X; accepts A with

probability A (and B with 1 — A) and M; accepts A with probability y (and
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B with 1 — p), it is straightforward to show!* the coordination game has one

symmetric mixed strategy Nash equilibrium (A*, u*) where:

(50)

Combining (50) and the pure strategy payoffs allows the expected payoff

for each trader j in the the mixed strategy Nash equilibrium to be computed:

M M

—-a o
B (l—aA)+2aM

§ o
2

EM)pe e = 2aM — ap — ay

i)
(51)

We can now distinguish between three cases: (a) as < ap, (b) ap < as
or (¢c) as = ap. If either (a) or (b) holds, then the game between X; and M;
becomes a Ranked Coordination game, which has the additional feature that
the equilibria can be Pareto ranked.

Consider case (a) where ay < ap. If intermediary A offers to match
pair 7 for a lower commission than B, then the payoffs received from pure
strategy Nash equilibrium (A4, A) dominate those from (B, B). By inspection
of (51) it can also be observed that E(II;)x» u» < H;f‘. Hence pure strategy

Nash equilibrium (A, A) is Pareto superior to the other Nash equilibria of the

coordination game. It can thus be said that although there are three equilibria,

14 A derivation of the symmetric mixed strategy Nash equilibrium, and associated expected
payoff, of the coordination game is included in Appendix A.
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the pure strategy Nash equilibrium (A, A) offers a compelling focal point!® of
the Ranked Coordination game when a4 < ap.

Similar arguments apply in case (b), which lead to the result that (B, B)
is Pareto superior to the other two Nash equilibria providing a focal point of
the coordination game when ap < a4.

In case (c), where ag = ap, both pure strategy Nash equilibria yield

* = % Since the two intermediaries are indis-

symmetric payoffs and A* = p
tinguishable and there is no way for trade partners to indicate their action to
each other, the mixed strategy Nash equilibrium provides a compelling focal
point of the game when a4 = ap.

The multiplicity of equilibria implies there is a multiplicity of selection
rules R; that are optimal for each trader in pair j, given the strategies of
the other players. For example, if all traders follow the selection rule ‘always
accept A when two acceptable offers are received’, then the outcome of their
actions is (A, A) and no trader j ever finds it optimal to deviate from the rule.

Let the ‘focal strategy’ refer to the selection rule R, which specifies an
action for each trader j to follow in each of the three cases (a) to (c), that

leads to the focal point in each case. This rule gives rise to the most intu-

itive and likely outcome of the stage 3 coordination game. Specifically, that

15The game theory literature points to a number of mechanisms for resolving the multiplic-
ity of equilibria in the Ranked Coordination game so that focal pure Nash equilibria emerge
as the unique solution. These include communication or signalling between coordinating
parties to indicate the action to be taken. In light of the information barriers that underpin
the model, such communication is prohibited by assumption. If unique pairs of traders could
communicate their actions to each other then there would be no need for an intermediary.
Other mechanisms include mediation where an outside party imposes a solution.
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each trader in pair j simultaneously and non-cooperatively accepts the most
inexpensive of two acceptable indirect trade routes when commissions differ
across intermediaries, and flips a coin when commission rates are the same
across intermediaries. Its conceptual appeal aside, the focal rule gives rise to
strategic interactions between intermediaries that do not arise if one of the two
intermediaries is always selected in stage 3, irrespective of commission rates.
To explore the effects of competition in overlapping matches, we examine the
subgame perfect equilibrium of the game that includes the focal strategy R,
as part of the equilibrium strategy of traders.

The focal selection strategy R can thus be summarised as follows for trader
j: If two acceptable offers are received and a4 # ap, then accept the offer
with the lower commission rate x-avith probability 1; if 4 = ap, then accept
offer A with probability %

To confirm that randomisation when oy = ap does not give rise to an
unacceptable expected payoff, consider that coordination is at A with prob-
ability i—, and at B with probability %. Mismatch occurs with probability %
Moreover, a4 = ap implies that Hf = H;-B = II;. Hence the expected payoff

when commissions are equal, which follows directly from (51), is given by (52):

1 1
E(0)amap<att = BM)pe_yeny = 515+ 5EPT(I)  (52)

v

EPT(11;)

Hence the selection rule R; in the case of two acceptable offers is consistent
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with the participation constraints of both traders.

2.2.3 Traders’ Offer Acceptance Strategy

The analysis of traders’ optimal incentives is summarised by proposition (14).

Proposition 14 The following pair {R,, Rs} forms an optimal acceptance
strategy for each trader j:

R, : Any offer k is acceptable if ay < a™ and unacceptable otherwise.

R, : If one acceptable offer is received, accept it; if two acceptable offers are
recetved and oy # ap, then accept the offer with the lower commission rate
with probability 1, if two acceptable offers are received and ap = ap, then

accept offer A with probability —;—

Proof. The optimality of R, follows directly from equations (47), (48) and
(49). The optimality of Rs in the case of one acceptable offer also follows
directly from these. The optimality of Rs given two acceptable offers and
a4 # ap follows from the payoffs in table (1). The optimality of Rs; when
aa = ap follows from the mixed strategy Nash equilibrium of the coordination
game, described by (50) and from the expected payoff under randomisation

given by (52). m

2.3 Stage 2 - Nash Equilibrium in Commission Rates

In stage 2, intermediaries simultaneously and non-cooperatively select com-

mission rates, ay and ap, respectively, to maximise their expected profit,
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taking each others’ commission rate, network sizes P4 € [0,1] and Pg € [0, 1]
and {R,, R} as given.

The strategic interaction between intermediaries in the commission-setting
game hinges on two conflicting effects. On the one hand, a lower commission
rate makes it more likely that the intermediary’s offer is selected by traders in
receipt of two acceptable offers. At the same time, a lower commission implies
lower profit per successful match.

The measure of trade matches possible through a network of a given size
is a random variable that depends on the degree of overlap between importer
and exporter contacts. A crucial feature of the game is that intermediaries
set commission rates prior to the realisation of this random variable and thus
without knowing the identity of their future customers. This prevents inter-
mediaries from price discriminating between trade pairs!® that are exclusive
to their own network and those common to both networks.

To assess intermediaries’ incentives in the commission-setting game the
structure of traders’ demand for intermediation services needs to be charac-

terised.

16 A1l decisions of intermediaries are thus made on the basis of expectations. The ez post
realisation of trade matches can differ markedly from the ez ante expectation. For example,
if PA=Pg = %, the measure of expected common matches is P3P3 = 313. The realised
overlap between the two networks can range from 0 to %, however, depending on which
specific importers and exporters are contacted in stage 1. The obvious exception is where
P4 = Pg =1 for which expected and realised trade matches coincide.
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2.3.1 Demand for Intermediation Services

For an intermediary to be able to match pair (X, M;), both partners must be
members of the intermediary’s network. The matching probabilities for any

pair (X, M;) are therefore given by (53) to (56):

Pr [Pair j can match via A and B] = P5P3 (53)
Pr [Pair j can match via A, but not B] = P3 (1- Pg) (54)
Pr [Pair j can match via B, but not A] = P3 (1 — P3) (55)

Pr [Pair j cannot match via A or B] = (1 — P%) (1 - P3) (56)

Suppose both intermediaries choose network sizes between 0 and 1. The
market structure that results is one of fragmented duopoly. Each intermediary
has a set of exclusive matches, over which there is monopoly power. At the
same time, the non-zero probability of network overlap gives rise to a set of
expected common matches, over which intermediaries compete.

The success of each intermediary in gaining trade matches from the com-
petitive network overlap depends on relative commission rates. From R; in-
termediaries anticipate that all common matches are won by the intermediary
with the lower of the two commission rates when a4 # apg, while each expects
to win % of common matches when a4 = ap.

Let E (T4) denote expected indirect trade through A or, equivalently, ex-

pected demand for A’s intermediation services. Similarly, £ (Tg) denotes ex-
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pected indirect trade through B or expected demand for B’s intermediation
services. Combining the matching probabilities in (53) to (56) with {Rq4, Rs}
yields E (T4) and E (Tg), conditional on a4 and ap.

Consider the expected demand for A’s services. Intermediary A expects
a measure Pﬁ (1 - Pg) of exclusive matches while common matches between
A and B are given by measure PﬁP]_.z;. If oy < ag < oM, then A provides
the most inexpensive trade route, so all matching traders in the competitive
segment coordinate at A. This yields a total expected demand for A of P3.
Conversely, if ap < agq < o™ all common matching traders coordinate at B
giving intermediary A an expected demand of Pi (1 - Pg,) only. fap =a4 <
aM | then intermediaries’ offers are acceptable but indistinguishable, so traders
randomise over A and B in the coordination stage. %Pfng are expected to
trade through A, another %PﬁPg through B, while the remaining %PﬁPg fail
to coordinate.

Similar arguments can be applied to B. The structure of E(T4) and
E (T) summarised below gives rise to the strategic incentives discussed in

the rest of the rsection.

Pj if ap<ag<aM
Pf‘(l—Pl%) if ap<ay<aM
E(Ts) =
P;(1-3P%) if ap=as<aM

0 if ag>aM

\
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PIQB if ap<ag<aoM

P (1-P) if aa<ap<aM
E(Tg) =

PZ(1-3P%) if ap=as<oM

0 if ag>aM

Recall that network investment costs are sunk in stage 1. Moreover, the
marginal cost of matching is assumed to be zero for simplicity. If follows that
the expected operating profit of A and B, respectively, are given by (57) and

(58):

E (I14) asSE (Ty) (57)

E(llg) = opSE(Ts) (58)

Intermediaries thus choose a4 and ap to maximise E (I14) and E (IIg),

respectively, given E (T4) and E (Tg).

2.3.2 Polar Cases of Market Structure

The discussion above assumes network sizes between 0 and 1. In general, the

commission-setting game can be analysed for three polar cases:

1. Monopoly in intermediation services, where {Pg = 0; P4 € [0,1]}
or {P4=0;Pg € [0,1]}. Inspection of E(T4) confirms that expected
indirect trade collapses to P4 when a4 < o™ and 0 otherwise when

Pg = 0, and vice versa if B is a monopolist. This corresponds to the
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analysis in Chapter 1, where a monopolist intermediary chooses o™ in

equilibrium.

2. Bertrand duopoly in intermediation services, where {P4 = 1; Pg = 1}.
If both intermediaries’ networks span the entire market, then networks
overlap entirely giving rise to the most competitive market outcome.

Intermediaries are in direct competition for all trade pairs.

3. Fragmented duopoly in intermediation services, where {P4 € (0,1); Pg € (0,1)}.
Each intermediary’s demand is partitioned between a competitive and

non-competitive segment.

The two competitive cases are analysed in turn.

2.3.3 Competing in Commission Rates: Bertrand Duopoly

Let P4, = Pg = 1. All trade pairs are common to A and B giving rise to the
following demand structure:

4
1 if aa<agp<aM
0 if ap<ag<a
E(Ta) =
% if ap=oas <aM
0 if ap>aM
1 if ap<ag<aM
0 if aa<ag<aM

E(Tp) =<
agp =04 <aM

N
-,
“~

0 if ap>aM
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Expected operating profits for A and B when ap = a4 are thus:

E (HA)|QB=0‘A

E (HB)IQB=QA

Expected operating profits for A and B when ap < a4 are thus:

E(114)

lap<aa

E (HB)IaB<aA

Conversely, when ayg < ag:

E (HA)IQA<QB

E (HB)laA<a3

apA—

ap—

aBS

asS

(59)

(60)

(61)

(62)

(63)

(64)

Intermediaries provide a homogeneous service in a price-setting Bertrand

duopoly. The pattern of E (II4) and E (IIg) provides an incentive for interme-

diaries to undercut each other in order to win the entire market. In contrast

to the classical Bertrand duopoly, coordination failure in traders’ decisions

implies that intermediaries share half the market when ap = a4, instead of

sharing the entire market.

Let o€ denote the ‘competitive’ commission rate where E (Il4) = E (TIg) =

0. In the absence of a marginal cost of matching, «
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unique Nash equilibrium in commission rates at ag = ag4 = a® = 0. The

Bertrand duopoly outcome is summarised by proposition (15).

Proposition 15 If Py = Pg = 1, then the commission-setting subgame has

a unique, pure strategy Nash equilibrium where agp = a4 = o€ = 0.

C

Proof. To prove that ap = a4 = o~ = 0 is the unique, pure strategy

(o]

Nash equilibrium of the game we show that ap = aa = ap > a* can

never be an equilibrium. The proof is by contradiction. Let (a4,ap) =
(a0, ag), where ap > aC. If A deviates from (ayp, ag) by undercutting B, then

E(I1A)jqy=ao—e = S (a0 —€), where E (Ila)|q, _o—c — S0, as € — 0. Since

E (T4)ja,=a0 = 35 (@0), it follows that E (IL4),,, > E (M), It

=Qp—E& =g "

is thus profitable for intermediary A to undercut from oy > a€. Likewise,

E (1) < E(HB)]QA Hence, ap = aa = ap > o cannot be

jap=aop—¢ —oq—e

an equilibrium. =

2.3.4 Competing in Commission Rates: Fragmented Duopoly

Let P4 € (0,1) and Pg € (0,1). This gives rise to a distinctive market
structure comprised by a competitive and a non-competitive market segment
between which price discrimination is not possible. Hence intermediaries are
neither pure monopolists, nor pure duopolists and as a result face conflicting
incentives compared to both the monopoly case of Chapter 1 and the Bertrand
duopoly case.

Consider the incentives of intermediary A when setting a4. In the frag-
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mented duopoly, in contrast to the Bertrand duopoly case, A never finds it
optimal to set agq = o€ = 0, given ap < oM. This is due to the fact that A
can always relinquish the common trade matches to B and set the monopoly
commission rate. The only traders that accept A’s offers at ay = a™, given
ap < oM, are traders in receipt of an A offer only. Let EM (II4) denote the
expected profit from A’s monopolistic market segment corresponding to this

strategy. It follows directly from E (T4) that:

EM (I1y) = a™SP; (1 — P}) (65)

Profit level EM (I1,) is always an option for A, introducing a positive lower
bound to the profits A receives in the commission-setting game.

If A sets ag = ap then the most profit A can ever expect to earn is
E (4)|ag<an = a9SP2, in the event that ap < ag. Contrasting E (MA)jao<ap
with EM (I14) reveals that ap > (1 — P2) ™ must be satisfied in order for
A to find it optimal to charge ag, given ap. If conversely, ap < (1 — P3) o™,
then the maximum expected profit that A can receive by setting g is lower
than the profit from A’s outside option, and hence oy is never optimal.

Let &4 denote the threshold level of a4 at which max E (I4),, = EM (I14).

A

Hence:

as = (1- Pg) o™ (66)

It follows that if a4 < @4, then the maximum profit that A can ever

98



expect to generate from intermediation service provision overall is less than
that under monopolistic commission setting that yields EM (II4). Hence, A
never charges a commission below G 4.

Furthermore, given R,, A never finds it optimal to set as > oM since all
its offers are subsequently rejected. The elimination of dominated strategies
of A, conditional on Py, yields a4 € [@4,0M].

Similar arguments for B yield the following outside option for B:

EM (TIg) = oMSPZ (1 - P3) (67)

Let &p denote the threshold level of a at which max E (II)o,, = EM (11).
Hence:

ap=(1-P5) M (68)

Symmetric arguments for B allow the elimination of dominated strategies,
thereby yielding ap € [@p,a™]. Note that, in general, the threshold levels
are not symmetric since network sizes can be asymmetric in stage 1.

Consider how the threshold level of B is affected by the network size of A.
The lower is P4 then the smaller the measure of common matches between
A and B and thus the smaller the loss of trade matches from a deviation to
the monopolistic strategy. Thus the attractiveness of B’s outside option is
increasing as P4 — 0 making B less inclined to undercut A, thereby raising

the deviation threshold level &g. At the limit, when P4 = 0, it follows directly
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from equation (68) that &g = a™. In other words, the smaller is P4, ceteris
paribus, then the weaker are competitive forces between A and B, inducing B
to set ap more monopolistically. At the one extreme, where P4 = 0, there
is no competition, so B sets the monopoly commission (as in Chapter 1). At
the other extreme, where P4 = 1, there is no monopolistic segment, yielding
the Bertrand pure strategy Nash equilibrium in which B sets the competitive
commission rate.

The partitioned market structure is thus a hybrid of the two extremes of
monopoly and Bertrand duopoly that gives rise to conflicting monopolistic and
competitive forces. The combined effect of these forces is to make any fixed
pair of commission rates (@a,ap) unstable. There is thus no pure strategy
Nash equilibrium in commission rates when P4 € (0,1) and Pg € (0,1).

The conflicting incentives are illustrated in figure (15). The figure illus-
trates the case where P4 > P and thus ag > ap. Consider the incentives
of A. The optimal response to ag > o™ is to set ag = a™; but if ag = oM,
then B has an incentive to undercut A for aa € (@p,aM]. A also has an in-
centive to undercut B for ap € (@a,a™], driving down commission rates. A’s
incentive to undercut is restrained, however, by the existence of A’s outside
option. Hence, once ap reaches @s > apg, A finds it optimal to deviate to
as = aM; but if a4 = oM, then B has an incentive to undercut A...and so

on.

The analysis is summarised by proposition (16).
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Figure 15: Strategic commission-setting in the fragmented duopoly.

Proposition 16 [fPa E (0,1) and Pb € (0,1), then the commission-setting

subgame has no pure strategy Nash equilibrium in commission rates.

Proof. Proofis by contradiction. Let (ad,a*B) reflect a pair of commission

rates that constitute a pure strategy Nash equilibrium, where a¥4 E [a,4, ctM]

and B € [a”,aM]. Consider the optimal response of 4 to «*B, where aB

takes the following values: (a) 0,4 < aB < aM and (b) B —a4d < .

(@) If aa < aB < aM, then the optimal response of 4 is to undercut B

by e, where ¢ —* 0. The expected profit from "4’s undercutting strategy is

E W A)\aAd=aB e =(c% - PaBB h e r e > (1- fF%)
a*B E (n")|aA=a”. Hence, 4 receives a higher expected profit from undercut-

ting B by e, than from matching ¢*B. It follows that T’s optimal response to



o is always oy = oy —e if G4 < o < oM.

Given a7, consider the incentives of B. Using an identical argument, it is
optimal for B to deviate from o} by undercutting oy by ¢, if ap < aj < aM.
Hence, B’s optimal response to o is ap = o)} —€ < ap and not ap. Thus
o is not an optimal response to a’, where o is an optimal response to ap .
(b) If oy = @4 < oM, then the optimal response of A is to deviate to a}“”,.

since F (I14) < EM (I14); but then it follows that intermediary B finds

lea<ta

it optimal to deviate to ag = a™

— € > af . Hence, the optimal reply to ap
isay = oM, but the optimal reply of B to o’y not aj.

Similar arguments apply for B’s optimal response to a%. It follows from the
A

above that there is no pure strategy Nash equilibrium in commission rates. m

2.3.5 Randomising Commission Rates

This section characterises the unique, mixed strategy Nash equilibrium in in-

termediaries’ commission rates. Intuitively, randomisation of commission rates

prevents rival intermediaries from systematically undercutting each other.
Let H(as) and F (ap) denote the cumulative distribution functions used

to randomise commission rates a4 and ap, respectively, where F' (-) and H (-)
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are continuous and have the following features:

H@M)=F (") =1 (69)

dH/da s > 0; dF/dap > 0

Since the distributions are continuous, the probability of A and B setting
identical commission!” rates is 0. Let a4 be a random draw from H (-). It

follows from F'(-) that:

Pr(ag < aa)= F(aa)
Pr(ap > aa)=1-—F(aa) (70)

Pr(ag = ap)=0

Given the probabilities described in (70), we seek to find the optimal distri-
bution H (-) for intermediary A, that keeps expected profits constant over the
distribution, and similarly, the optimal F (-) that keeps B’s expected profits
constant.

The mixed strategy Nash equilibrium depends on the relative values of &4
and apg, which reflect the relative values of P4 and Pg. There are three cases:

(i) @4 > ap, where P4 > Pp (ii) &4 < @p, where P4 < Ppg and (iii) &4 = ap,

17This implies that while coordination failure with probability % is expected in stage 3 in
the event where traders receive two offers and commission rates are equal, the randomisation
of commission rates in stage 2 ensures that this event occurs with zero probability. Thus
coordination failure does not arise in equilibrium.
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where P4 = Pg.

In (i) and (ii) intermediaries A and B are shown to randomise'®

over
different distributions, while in case (iii) the symmetry in network sizes implies
H () = F(:) = G(-). Following the methodology used in Baye and De Vries

(1992), but allowing for asymmetric network sizes!'?, yields the unique, mixed

strategy Nash equilibrium summarised in proposition (17).

Proposition 17 (a) If P4 = Pg = P € (0,1), then there exists a mized
strategy Nash equilibrium, in which intermediaries choose their commission
rate randomly from the same distribution:

a— (1 — P2) oM
aP?

G(a) = , where a € [a, aM] (71)

where & = (1 — P?) oM.

(b) If P4 € (0,1), Pg € (0,1) and P4 # Ppg, then there is a unique, mized
strategy Nash equilibrium, in which intermediaries A and B choose their com-
mission rate randomly from distributions H(as) and F(ap), respectively,

where:

18 Note that the mixed strategy Nash equilibrium does not imply randomisation of com-
mission rates across offers made to traders. Each intermediary sets a unique commission
rate that is common to all offers made, where this unique commission rate is a random draw
from the relevant distribution in proposition (17) in equilibrium.

19Gince intermediaries’ network investment decisions in stage 1 are not necessarily sym-
metric, we solve for the unique, mixed strategy Nash equilibrium for general P4 and Pg
without imposing a restriction of symmetry. '
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ag—(1—P%)oM

H(ay) = "z , where ay € [&A,aM] (72)
B
—(1-P%) M
F(ag) = 2B (aBPflA) a , where ap € [&B,aM] (73)

where 0ig4 = (1 — Pg) oM and g = (1 — Pﬁ) aM.

Proof. The cases of symmetric and asymmetric network sizes are examined
in turn:

(a) The optimality of G (-) for both intermediaries when P4 = Pg = P, such
that H () = G (-) and F' (-) = G (-) in equilibrium, can be shown by examining
expected operating profit of intermediaries in the ranges [0, @], [a,aM ], and

greater than ™. From demand E(T4) and probabilities (70), it follows that:

.
aaSP? if aa<a<aM

E(Tla) = { F(aa) (@aSP?(1 — P?)) + (1 — F(aa)) (2aSP?) if aac€ [ aM]

\O if ag>aM

Since it is never optimal for A to set a4 below &, the probability that ay < @

is zero. Hence, randomisation over range oy € [a, aM ] need only be consid-

ered. E (I1a), fa oM} can be simplified to asSP? [1 — P2F(ay)]. Hence, A

chooses H (-) to maximise E (IL4) over [&,a™]

oM
Igng(nA) = /a [@aSP? (1 - P2F(aa))] dH (74)
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Recalling that H(@) = F (&) = 0 and H(aM) = F (a™) = 1, the solution
to (74) yields constant expected profit for A over [67, aM ] equal to EM (I14).

The analysis is symmetric for B so:
— _ Mop2(y_ p2
II(}?.IXE(HA) = né%xE(HB) =a"SP?(1-P?%) (75)

A’s expected payoff under any random draw a4 € [a, aM ] must be equal to
(75). Similarly for random draw ap € [@,a™] by B. Solving from (74) and
(75) yields optimal distributions H (-) = G () and F (-) = G (-), where distri-
bution G (-) is described by equation (71).

(b) The optimality of H (-) and F(-) in (72) and (73), respectively, follows

similarly for the case where P4 # Pg. Let P4 < Pp and hence a4 < ap-

From demand E(T,4) and probabilities (70), it follows that:

aaSP if aa<ag

E(HA)=< -

0 if ap>aM

The probability that g < @4 is zero, but there now exists a range of com-
mission rates [@4,@p|, where A finds it optimal to follow an undercutting
strategy but B finds the monopolistic strategy optimal. This gives rise to a

positive probability that as < @p < a™. Hence A chooses H (-) to maximise
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F(aa) (2aSP5(1 — P3)) + (1 - F(aa)) (@aSP}) if as€ [ap,a

aaSP% if ag€laq,ap]
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the following:

oM

max E (Il4) =[

ap

ap

Ga

Solving (76) yields constant expected profit for A:
_ M _ Maop2(1_ p2
max E (I14) = EM (I4) = o™ SF} (1 - P})
B chooses F (-) to maximise:

né%xE(nB)=/; [@sSPE (1 — P3H(aB))] dF

Solving (78) yields constant expected profit for B:

max E (Ilp) = EM (IIg) = o™ SP} (1 - P3)

[2aSP; (1 — PiF(ca))] dH + / (aaSP3)dH (76)

(77)

(78)

(79)

From (76), (77), (78) and (79) it follows that the optimal strategy of A and

B is to randomise commission rates according to distributions (72) and (73),

respectively. m

Intuitively, randomisation of commission rates prevents intermediaries from

systematically undercutting each other, thereby allowing the expected oper-

ating profits EM (I14) and EM (IIg) to be attained in equilibrium. That is,

randomisation allows each intermediary to attain expected operating profit

equal to that which would arise from the monopolistic segment of their net-
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work under the monopoly commission rate.

This is summarised by Corollary (1).

Corollary 1 In the unique, mized strategy Nash equilibrium in commission
rates:

(a) If P4 = Pg = P, then each intermediary expects to receive constant oper-
ating profit equal to o™ SP? (1 - P2).

(b) If Py # Pg, then intermediaries A and B expect to receive constant operat-

ing profit equal to EM (I14) = oM SP?% (1-— Pg) and EM (Ilg) = oM SP} (1- Pﬁ),

respectively.

Proof. This follows directly from the proof of proposition (17). m

An implication of randomised commission rates is that traders’ payoffs
from indirect trade through A and B, respectively, are random variables that
mirror H(ay) and F (ap) when P4 # Pg and G(a), when Py = Pg. The
conflicting monopolistic and competitive forces for commission-setting in the
fragmented duopoly give rise to a unique, non-cooperative mixed strategy Nash
equilibrium where intermediaries randomise their commission rates. The range
of commission rates over which randomisation takes place has an upper bound

of aM

, imposed by R,, and a positive lower bound due to intermediaries’ mo-
nopolistic outside option. While the upper bound for both commission rates
is exogenously determined by traders’ direct trade option, that in turn hinges

on the level of information costs in the market, the lower bounds hinge on

network sizes. In particular, an intermediary with a larger network, enjoys a
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relatively larger set of exclusive trade matches, and thus behaves more monop-
olistically when randomising commission rates than does an intermediary with
a smaller network. Each intermediary’s expected operating profit is constant
and corresponds to expected monopoly profit from the monopolistic market
segment. Intermediaries invest in network development in stage 1, anticipat-
ing the implications of their decisions. It is the Nash equilibrium in network

sizes to which we now turn.

2.4 Stage 1 - Nash Equilibrium in Network Sizes

In this section we seek a Nash equilibrium, or Nash equilibria, in network sizes,
where these are set simultaneously and non-cooperatively by competing inter-
mediaries, each taking the network size of his rival, and the offer acceptance

strategy of traders, as given.

2.4.1 Network Investment Cost

Intermediaries are assumed to have access to the same technology for develop-
ing a network of contacts, where the total investment cost for a network of size
Py is denoted by C (Pr). The network investment decisions of intermediaries

are analysed under two cost specifications:

(a) Linear cost: C (Pr) = 2Pyc, where ¢ > 0. Hence:

oCT
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The marginal cost of network expansion is constant.

(b) Convex cost: C(Pr) = 2Psc(i, Pr), where c(i, Pf) = 4i®P? and a > 1,

v > 0. Hence:
C (Py) = 2yi® P} (81)
60] . ap2 82C’I _ .a
3P 6vyi*P; > 0, oPE = 12vi*P; > 0 (82)
9C1 _ gamio-1p} > 0 (83)

00

The marginal cost of network expansion is thus increasing monotonically in
the level of information costs and network size, while convexity in network size
is assumed. Cost parameter v is a scale factor. In addition, let the probability

of direct matching q(i) take the functional form q(i) = 1—4° , where § > a > 1.

2.4.2 Stage 1 Expected Profit

In stage 1, intermediary A chooses P4 to maximise stage 1 expected profit,
denoted by E'(I1,), taking Pg and {R,, Rs} as given. Similarly, intermediary
B chooses Pg to maximise E!(Ilg), taking P4 and {R,, R} as given. Inter-
mediaries anticipate expected operating profit levels EM (I14) and EM (IIg),

respectively, to arise from the stage 2 commission-setting subgame. Hence,
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E'(114) and E'(IIg) are given by:

EY(Ila) = EM(Wl4) - C(Pa) (84)

= oMSP;(1-P}) - C(Pa)

and:

E'(lp) = EY(Ip)-C(Ps) (85)

= oMSP} (1- P3) - C(Ps)

where oM =1 — ¢ (i).
Equations (84) and (85) offer a general description of expected stage 1
profit, where the three polar market structures correspond to different config-

urations of P4 and Ppg:

1. Monopoly: if Pg =0 and P4 € [0,1] then (84) and (85) yield E*(II4) =
aMSP2 — C(P4) and EX(IIg) = 0. Thus B is inactive and A is a

monopolist and vice versa if P4 =0 and Pg € [0, 1].

2. Bertrand duopoly: if P4 = Pg = 1 then (84) and (85) yield E}(II4) =
EY(Ilg) = —C (1) < 0. Hence, P4 = Pg = 1 can never constitute a

Nash equilibrium in network sizes.

3. Fragmented duopoly in intermediation services, where P4 € (0,1) and

Pp € (0,1). Equations (84) and (85) allow for both symmetric and
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asymmetric network size selection.

It follows that Bertrand duopoly can never arise in a subgame perfect
equilibrium (SPE) of the game, since it does not constitute a Nash equilibrium
in stage 1. Only monopoly and fragmented duopoly are thus consistent with

SPE.

2.4.3 Linear Network-Building Costs

Substituting C (Pr) = 2P;c into (84) and (85) yields:

EYl4) = oMSP;(1—P3)—2cPy (86)

E'(lg) = oMSPi(1—-P5)—2cPs (87)

Equations (86) and (87) show that the expected profit of an intermediary
is decreasing in the network size of the rival intermediary and increasing in
his own network size. Intuitively, the larger the network size of the rival, the
greater the measure of common matches as a result of network overlap; and
hence the lower the expected operating profit arising from the mixed strategy
Nash equilibrium in commission rates.

Examination of (86) and (87) shows there is no pair of network sizes
(P4, Pp) that are best responses to each other and simultaneously satisfy
P} € (0,1} and P} € (0,1] when network-building costs are linear.

The results are summarised by propositions (18) and (19).
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Proposition 18 If network-building cost is linear, then there is no pure strat-

egy Nash equilibrium in which both intermediaries are active.

Proof. Let Pg (P4) and P4 (Pg) describe the locus of network size pairs along
which E1(II4) = 0 and E'(IIg) = 0, respectively. Hence, for a given network
size P, Pp (P4) gives the threshold level of Pg above which E*(II A)py <0.
Similarly, for given network size Pg, P4 (Pg) gives the threshold level of P
above which E'(Ilg)|p, < 0. Rearranging E*(I14) = 0 and E*(IIg) = 0 from

equations (86) and (87) yields:

Py (Pa) = (1—-5,1—03‘;—M)% (88)

Pa(Ps) = (1—%) (39)

W=

Proof by contradiction. Let (P}, Pg) reflect a pure strategy Nash equilibrium
in network sizes where P} € (0,1) and Pg € (0,1).
Consider the incentives of intermediary A. If Pg (P}) < P}, then it follows
that EI(HA)I p; < 0; but if A is making losses, P} cannot be an optimal reply
to Pj. Recall that E1(I1,4) is increasing in P4. It follows that the maximum
expected profit that A can attain, given P, is that which corresponds to
Py=1.1f EI(HA)“DE’PAZI > 0, then A’s optimal reply to P} is P4 (P}) = 1.
If EI(HA)IPE’PA=1 < 0, then A’s optimal reply is P4 (Pg) = 0.

Suppose P4 (Pg) = 1. Then B is making losses under P§ > 0. Thus B’s

optimal reply to P4 (Pg) =11is P5 (1) =0.
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Suppose instead that P4 (Pf) = 0. Then Pg € (0,1) is not an optimal reply
to P4 (P}) = 0 since B can raise E'(Ilg) by increasing P} to 1. Thus B’s
optimal reply to P4 (Pg) = 01is Pg (0) = 1.

If instead P}, < Pg(P}), then it follows that El(HA)]PZ > 0; but then
interior network size P} € (0,1) is not an optimal reply to Pf. A’s optimal
reply is thus P4 (P§) =1 and arguments apply as above.

We can thus conclude that neither is P; € (0,1) an optimal reply to
Pp € (0,1), nor is P§ € (0,1) an optimal reply to P} € (0,1). Moreover, since
Py (1) = P;(1) =0, (P}, Pg) = (1,1) cannot be a Nash equilibrium either.
Thus (P}, Pj) cannot constitute a Nash equilibrium where both network sizes
are non-zero. It follows that there is no Nash equilibrium in which both

intermediaries are active. m

Proposition 19 If network-building cost is linear and provided ¢ < —%SaM ,
then there are two pure strategy Nash equilibria where (P}, Pg) = (1,0) and

(P4, Pg) = (0,1).

Proof. It follows from proposition (18) that (P}, Pg) cannot constitute a
Nash equilibrium where both network sizes are non-zero. The only remain-
ing candidate Nash equilibria are (P}, Pg) = (1,0) and (P}, Pg) = (0,1). If

»» = 1, then there is no scope for B to gain exclusive trade matches from
investment in Pp. All resulting trade matches are common and thus no profit
can be attained. The optimal reply of B is thus Pg (1) = 0. A symmetric ar-

gument applies where P§ = 1. Hence, (P}, P§) = (1,0) and (P}, Pg) = (0,1)
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constitute the two pure strategy Nash equilibria in network sizes. Moreover, it
follows directly from equations (86) and (87) that ¢ < 3Sa™ must be satisfied
for expected profit to be positive in equilibrium for the monopolist intermedi-
ary. m

The analysis has shown that under linear costs of network expansion the
equilibrium outcome of the game is monopolisation of the market by either A
or B. The non-convexity in network-building costs provides incentives for in-
termediaries to increase network size without bound, other than the constraint
imposed by market size. Each intermediary provides complete coverage of the
market, when active, thereby preventing the rival intermediary from gaining
any exclusive trade matches.

Substituting P4 = 1 and Pg = 1 into (88) and (89), respectively, yields:

P=Po() =Pa() = (1- 57 ) (90)

P denotes the threshold level of P4 below which it is optimal for B to
invest in a network size that covers the whole market and above which B is
inactive. By symmetry, P is also the threshold for Pg. Figure (16) illustrates
the reaction functions?® of A and B. The E(II4) = 0 and E'(IIg) = 0
loci pin down threshold level P for the two intermediaries and confirm the
monopolisation of the market by either A or B (at NE; and NE;, respectively)

is the only market outcome consistent with profit maximisation under linear

2 The figure is drawn for parameter values S =10, c=1 and o™ = 0.7.
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costs of network expansion.

AB 1

NE, PRPA)

/S!/!

E1nB = O+ [
/ PA(PB)

/ EX(nA)=0

ne2

Figure 16: Monopoly Nash equilibria in network sizes.

2.4.4 Convex Network-Building Costs

This section shows how convexity in the costs of developing a network provides

sufficient incentives for ‘restraint’ in network investment, so as to allow both

intermediaries to survive in a fragmented duopoly with incomplete network

overlap.

Note that in the analysis that follows we assume 7 is sufficiently low relative

to S so that E£/{UA) and £’1(I11k) are positive in equilibrium. The results are

summarised by proposition (20).

Proposition 20 Ifnetwork-building cost is convex, then there exists a unique,
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pure strategy Nash equilibrium in network sizes where:

(ST

. ox Sid—a 2

Proof. Substituting C (Pr) = 2P;c(i, Pr) = 2vyi®P? and g(s) = 1 — i into

(84) and (85), where § > a > 1 and 7y > 0, yields:

ENIly) = #°SP5(1- P})—2vyi*P}

E'(lg) = i*SP}(1- P3) —2vi®P§

(91)

(92)

The network size reaction functions of A and B, denoted by P4 (Pg) and

Pg (P4), respectively, are derived from the first order conditions:

OE(I14) 5

— 4 = 2i%SP4 (1 - P%) —6vi®P% =0

oP4 \Po A( B) Y A

OE(Ilp) s

B = 2i%SPg (1 - P2) —6yi®P%2 =0
8P |p, B( A) gL ]

The first order conditions (93) and (94) simplify to give:

Si&—a

Pa(Pg) = 3 (1-P3)
S-J—a
Pg(Ps) = ;’Y (1-Pj)

(93)

(94)

(95)

(96)

Solving the reaction functions simultaneously, and confirming that we have

a maximum?!, yields Nash equilibrium network sizes (P}, P}) in terms of

21The second derivatives and confirmation that P; and P} correspond to a maximum can
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information costs ¢, and parameters v, S, § and a:

1
. 3y Sio—a\2 2
P =Pi=Py= 2 (4( . ) +1) -1 (o7)

Discarding complex and negative solutions to (93) and (94) confirms that (97)
describes the unique Nash equilibrium in network sizes. m

It follows directly from the reaction functions, (95) and (96), that network
sizes are strategic substitutes. An increase in the network size of A gives rise
to a strategic contraction in the network investment of B, and vice versa.
Intuitively, when intermediary A invests in a larger network, the expected
overlap between the two networks is larger, thereby lowering EM (IIg). Hence,
for given investment cost C(Pg), B can expect a lower revenue than before,
thereby inducing a network contraction.

Moreover, network sizes are increasing in trade surplus S, declining in cost
parameter -y, and increasing in information cost ¢ (since § > o > 1).

Figure (17) illustrates?? P4 (Pg) and Pg (P4) and depicts a unique, pure
strategy Nash equilibrium in network sizes, in which both intermediaries invest
symmetrically in network development. This arises from the symmetry in the
costs incurred by A and B. It is straightforward to show that when cost
parameter -y varies across intermediaries, the intermediary with the lower cost

has a larger network size in equilibrium.

be found in Appendix B.
22The figure is drawn for parameter values y =1, =4, a =2, S =4 and i = 0.8.
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Figure 17: Fragmented duopoly Nash equilibrium in network sizes.
Nash equilibrium network sizes (P”*, PB) in terms of information costs 7,

and parameters 7, S, S and a are:

P*=p* = p* = ) ]
PP T aSise 37 1ol %)

Let PM denote the monopoly network size that prevails under the same

cost specification. It follows directly from proposition (10) in Chapter 1 that:

pM _ Sis~a S p (99)

Equations (98) and (99) describe the equilibrium monopoly and duopoly

network sizes for network cost specification (81). Figure (18) illustrates the
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path of network size with information costs in the two cases for parameter

values7=1,5=4,a =2,5 —4.

1f

0.25.

0 0.25 0.5 0.75 1

Figure 18: Network size and information cost.

To summarise, the analysis shows that either a monopoly or a fragmented
duopoly can prevail in equilibrium, depending on the network-building tech-
nology. Under convexity assumptions, both intermediaries invest in a network
and compete over common matches, while randomising commission rates. In
contrast, linear network development costs can only give rise to a monopoly

outcome.
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2.5 Conclusion

This chapter presents a new theoretical framework to analyse the strategic in-
teraction between two information intermediaries who compete in commission
rates and network size. The intermediaries are assumed to have symmetric
access to an information technology that allows them to develop contacts with
importers and exporters who match uniquely in pairs. Intermediaries have the
opportunity to invest in a network of contacts and subsequently compete in
commission rates before making offers of intermediation to members in their
network. Traders select between intermediaries ex post, when uncertainty in
the realisation of a match is resolved.

The analysis delivers the following results. First, the model suggests that
network competition between information intermediaries has a distinctive mar-
ket structure, where intermediaries are monopolist service providers to some
contacts but duopolists over contacts they share in their network overlap.
Traders in the network overlap receive two intermediation offers, while other
members are exclusive to one intermediary and thus receive only one offer of
intermediation. Traders in receipt of two intermediation offers play a coordi-
nation game when deciding which offer to select. The information frictions in
the model make it impossible for traders to signal their decisions to each other,
so there are multiple equilibria to the game. The model thus emphasises the
role of ‘beliefs’ in determining market outcomes when there are information

frictions and traders gain from making coordinated decisions.
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Second, the coordination game of traders presents the possibility of coor-
dination failure between trade pairs, even though both traders are members
of both networks and this is known to both.

Third, we show that if traders choose to accept the offer from the inter-
mediary with the lower commission and randomise when commissions are the
same, then intermediaries have an incentive to undercut each other. More-
over, intermediaries’ inability to price discriminate between the competitive
and non-competitive market segments, gives rise to an undercutting game,
which has no pure strategy Nash equilibrium due to the option to charge
the monopoly commission to exclusive contacts, and relinquish the overlap to
the rival. Randomising over the strategy space of commission rates results
in a mixed strategy Nash equilibrium yielding expected profit equal to that
which would have been earned in the monopolistic outside option. In this
mixed strategy Nash equilibrium, an intermediary with a larger network sets
a higher commission rate, on average, than an intermediary with a smaller net-
work. Moreover, average commission rates lie below the monopoly commission
rate. Hence, compared to the monopoly case in Chapter 1, traders who match
indirectly enjoy a trade surplus over and above their outside option.

The multiplicity of equilibria of the coordination game and the randomi-
sation of commission rates that results shows how information problems can
give rise to endogenous uncertainty in market outcomes.

Finally, competition is affected by the technology of network development.
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The analysis shows that either a monopoly or a fragmented duopoly can prevail
in equilibrium, depending on the network-building technology. Under convex-
ity assumptions, both intermediaries invest in a network and compete over
common matches, while randomising commission rates. In contrast, linear

network development costs can only give rise to a monopoly outcome.
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Appendix A. The Coordination Game

Recall the payoff matrix summarising the payoff structure of traders’ simulta-

neous and non-cooperative coordination game in stage 3:

M;
A B

(1-a), $(1-a*)

Al S(1-aa),501-an)

(N9}

B g—(l—aM),g(l—aM) %(1—(13),%(1—0:3)

There are two pure strategy Nash Equilibria, (4, A) and (B, B), and one
symmetric, mixed strategy Nash equilibrium. Suppose X selects A with prob-
ability A (and B with 1 — X) and Mj selects A with probability ¢ (and B with
1 — p). For probabilities (A*, u*) to form a mixed strategy Nash equilibrium
the expected payoffs from mixing between A and B must be equalised for each
trader.

Equalising the expected payoff from the mixed strategy of X; yields:

Al-a)+(1-N(1-M)=1-N1-ap)+r(1-aM) (100)

Rearranging (100) yields:

aM

— 2B (101)

A=
2aM — ap —ay

Equalising the expected payoff from the mixed strategy of M; yields:
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p(l-—aa)+1-p(-aM)=(1-p(1-ap)+p(l-aM) (102)

Rearranging (102) yields:

M _
y i (103)

K T 2aM —ap —ay

Since A* = p*, the unique mixed strategy Nash equilibrium is symmetric.
The expected payoffs of X; and M; in the mixed strategy Nash equilibrium

are found by substituting \* and p* into each side of (100) and (102) yields:

oM — ap oM —ay
E(Hj)lf\‘rl-"' = [ " (1 — aA) + 20M (1 - aM)]

2aM —ap — —ag —agu

aM —ay aM — ap
1— 1-aoM
[2aM—-aB—-—aA( aB)+2aM—aB—aA( “ )]

o[ N

Appendix B. Second Derivatives

The second derivatives that follow from (93) and (94) are:

2 1
TEWA)  _ gg(1— ) - 12vi°Py (104)
BPA |PB
1
MB_) = 285 (1— P3) - 12yi®Pg (105)
0P |Pa
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To have a maximum, (104) and (105) must be negative. Hence, the fol-

lowing must hold in equilibrium:

d—o

Py > 3 (1- P} (106)
0—a

Pz > 5167 (1- P3) (107)

Comparing (106) and (107) with (95) and (96) confirms the constraints are

satisfied in equilibrium and thus that P} and Pg correspond to a maximum.
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3 International Trade, Minimum Quality Standards

and the Prisoners’ Dilemma

This chapter extends a well-established vertical product differentiation model
to a two-country framework in which international duopolists compete in qual-
ity and price in each market. Unilateral minimum quality standards are en-
dogenously determined as the outcome of a non-cooperative standard-setting
game between the governments of the two countries. The international context
highlights the effects of cross-country externalities from the implementation
of minimum quality standards that can be both positive, both negative, or
asymmetric, depending on the quality of traded goods. These externalities
are shown to give rise to a Prisoners’ Dilemma structure in the incentives of
the two policy-makers that leads to inefficient policy outcomes. The role of
minimum quality standards as non-tariff barriers is examined and the incen-
tives and scope for international cooperation analysed.

The chapter contributes to both the international trade and industrial
organisation literature in a number of ways.

First, the chapter extends the literature that examines the effects of min-
imum quality standards in markets where firms offer vertically differentiated
products by analysing national incentives to regulate quality in an open-
economy setting. The cross-country externalities generated when countries
are linked through international trade are not present in the literature that

studies quality standards in the context of a single economy.
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Second, the chapter endogenously determines national minimum quality
standards through the strategic interaction between policy-makers. To the
best of my knowledge, this is the first analysis that endogenises national de-
cisions to regulate quality in an international context. The industrial organ-
isation literature has widely analysed the effects of minimum standards in a
single country, but has done so by introducing minimum standards as exoge-
nous constraints. Only recently has the issue of endogenous determination
of quality standards begun to be addressed. Ecchia and Lambertini (1997)
endogenously determine the minimum quality standard in the context of one
country where a social planner sets the standard to maximise national welfare.
This chapter extends to two policy-makers, each of which unilaterally selects
their national minimum quality standard to maximise national welfare. The
individually optimal standard are shown to be jointly suboptimal as a result
of the cross-country externalities.

Third, the analysis contributes to the literature on international coopera-
tion by examining whether bargaining from a non-cooperative Nash equilib-
rium in minimum quality standards can lead to an efficient outcome. The
analysis follows the approach of the literature on cooperation in tariffs (e.g.
Bagwell and Staiger, 1999, 2002; Staiger and Tabellini, 1987) but shows that
endogenous country asymmetries arising from specialisation in goods of dif-
ferent quality levels introduce constraints to cooperation that do not arise in

the literature on cooperation in tariffs.
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The related literature on minimum quality standards originates in the
industrial organisation literature, with the development of vertical quality
differentiation models (e.g. Gabszewicz and Thisse, 1979; Shaked and Sut-
ton, 1982). In his renowned paper, Ronnen (1991) uses Shaked and Sutton’s
framework to demonstrate that mild minimum quality standards are welfare
improving in a duopoly where firms compete in prices and incur fixed quality-
development costs. Similar results are obtained by Crampes and Hollander
(1995) assuming that quality improvements increase variable rather than fixed
costs.

The literature has more recently turned to open economy versions of the
vertically differentiated duopoly framework. Motta and Thisse (1993) analyses
the effects of environmental quality standards in autarky and free trade, while
Boom (1995) analyses the effects of differing national standards for firms who
cannot tailor quality to different markets. She finds that exit from the market
with the more stringent standard may occur if the difference in natiopal mini-
mum standards is beyond a certain threshold, but does not determine national
standards endogenously through a standard-setting game.

The model in this chapter differs from Boom (1995) and other works as-
suming up-front quality development costs (Ronnen 1991, Zhou et al., 2000,
Herguera et al., 2002, among others), by assuming firms incur quality depen-
dent variable costs (as in Motta, 1993, Crampes and Hollander, 1994, and

Lutz, 2005). Hence the model applies more closely to industries where quality
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improvements stem from higher quality of materials or ingredients or other
factors embedded in the production process (e.g. textiles) rather than from
innovative characteristics or design that arise from up-front investment in re-
search and development (e.g. pharmaceuticals). The advantage of this cost
specification is it gives firms the flexibility to tailor quality levels to different
markets and to thus respond endogenously and asymmetrically to different
quality standards.

The rest of the chapter proceeds as follows. Section 1 introduces the model
and characterises the unregulated equilibria. Section 2 examines national in-
centives for standard-setting and solves for the non-cooperative Nash equilibria
in minimum quality standards. The properties of these are examined and con-
trasted to world welfare-maximising international standards. International
cooperation in setting quality standards is analysed in Section 3. Section 4

concludes.

3.1 The Model

This section describes the economic environment of the two-country model
of vertical product differentiation and characterises the unregulated equilib-
ria. This lays the groundwork for the rest of the chapter that analyses the
non-cooperative standard-setting game between policy-makers and examines
the scope and effects of international cooperation in standard-setting. The
underlying quality differentiation model is closest to Motta (1993), Crampes

and Hollander (1995) and Ecchia and Lambertini (1997) for a single economy.
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3.1.1 Economic Environment

Consider two segmented markets, A and B, with a single firm located in each
(firms A and B). The firms compete in quality and prices in each market,
producing a vertically differentiated good. The firms can supply goods of a
single quality level in each market but are able to differentiate the quality of
their exports from the quality of their domestic sales. Let g;; be the quality
level of the good produced in country ¢ (by firm ¢) and consumed in country j,
where i, j € {A, B}. We assume no upper bound to quality level so g;; € [0, 00).
There is no potential entry of additional firms, but the duopolists may choose
not to supply goods to either or both markets. Finally, we assume no transport
costs.

The firms interact in a two-stage game. In the first stage, firms non-
cooperatively select quality levels ga 4,94 and qBg, gBa, respectively. Perfect
and costless commitment to these quality levels is assumed. Firms compete in
prices in the second stage, given first stage quality levels. Firms have access to
the same production technology, which involves variable costs that are convex
in quality and linear in quantity. No sunk costs of quality development are
assumed?3. Let V/(S;; gi;) denote variable costs of production as a function of

quality, g;;, and sales, .S;;, of firm ¢ in market j, where these are as in (108):

23 Note that the absence of fixed sunk costs of quality development implies the equilibrium
choice of qualities and prices would not change if firms chose these simultaneously and non-
cooperatively, rather than sequentially and non-cooperatively. The sequential structure is
preserved for purposes of comparability with the related literature.
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V(Sij,q,-j) = bq?jS,-j, where b > 0 (108)

Convexity in quality is both necessary and sufficient for the existence of an
interior solution?* for quality choice in stage 1, and can thus be accompanied
by an unlimited range for quality level g;;.

The demand side is assumed to consist of a continuum of consumers in
each market with a varying taste parameter?®, §. Consumers are uniformly
distributed, with unit density, over the interval [O,ﬂ and derive utility from
the first unit of purchase only. The indirect utility function of a consumer
with taste parameter 6, purchasing a unit of a good with quality ¢ and price

p is described by (109):

U=6g—p (109)

Given firms’ decisions (g;;,pi;), consumers in each market choose between (i)
purchasing one unit of the good from firm A, (ii) purchasing one unit of the

good from firm B, or (iii) making no purchase. Consumers receive zero utility

%4 There is no interior solution for firm quality levels if the variable cost function is non-
convex. For example, if variable costs are linear in quality, e.g. V(q) = cgq, the low quality
firm’s best response is a quality level % that of the high quality firm, while the high quality
firm adds to profit by raising quality without limit (e.g. Choi and Shin, 1992). A solution
can only be pinned down by assuming quality has a finite upper limit, §, where the high
quality firm locates.

25 Parameter  may also be interpreted as the marginal rate of substitution between income
and quality such that a consumer with a higher 6 has a lower marginal rate of substitution
between income and quality and thus a higher income. With this interpretation the frame-
work presented is analogous to models where consumers vary in their income level rather
than preference over quality e.g Gabszewicz and Thisse (1979), Shaked and Sutton (1982).
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if they do not buy the good. Note that since the minimum value for 8 is
zero, there is always a measure of consumers who prefer not to buy the good
when prices are positive, implying incomplete market coverage. Parameter 8
measures market size, which is symmetric in both countries.

Further suppose the governments of countries A and B have the oppor-
tunity to regulate quality in their market by unilaterally setting minimum
quality standards in a stage 0, prior to the strategic interaction of firms. Gov-
ernments choose standards to maximise national welfare, anticipating firms’
optimal price and quality responses.

The solution concept employed to solve the multi-stage game is subgame
perfect equilibrium (SPE), found by backward induction. First, the unique
second-stage equilibrium in prices is analysed and firms’ payoffs described in
terms of first-stage qualities. Second, optimal first stage quality decisions of
firms are examined. This allows the unregulated equilibria to be characterised.
Then, the effects of minimum quality standards are examined, yielding the
regulated optimal quality responses of firms. Finally, the incentives for stan-
dard setting are analysed and the non-cooperative Nash equilibria in minimum
standards characterised. The issue of international cooperation in standard

setting is analysed in the next section of the chapter.

3.1.2 The Price-Setting Subgame

Firms A and B compete in prices in each market in the final stage of the game,

given stage 1 quality levels. It is common practice in the industrial organisation
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literature with one market to arbitrarily assign one firm as high quality, solving
for equilibrium prices and qualities assuming an exogenous quality ranking
between firms. Rather than assigning a particular quality ordering between
firms in each market, we suppose that in each market 7, there is a ‘high’ quality
supplier (H), with quality level gg;, and a ‘low’ quality supplier (L), with
quality level g7;, where qp; > qz;. This allows for the possibility that firms
choose identical quality levels in stage 1. The associated prices levels of these
goods are denoted by py; and pr;, respectively. We proceed to characterise
equilibrium prices and qualities for the H and L quality goods supplied in each
market and then examine the multiple equilibria that correspond to different
configurations of quality rankings of firms A and B in the two markets.
Hence, in the final stage of the game, firm quality levels are fixed in market
J, such that gg; > qr;. Let 5, and z1; denote quality-deflated prices for the

H and L goods, respectively, and let 7; denote the quality ratio, such that:

TH; = PHi and Tr; = 27] (110)
qHj qr;j
rj =13 (111)

qL;j

Consider the structure of demand for the two goods. Let z; denote the
preference parameter of the marginal consumer in market j who is indifferent
between purchasing one unit of the good of quality gy; at price py; and one

unit of the good of quality ¢z ; at price py;. The marginal consumer z; follows
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directly from (109) and is given by:

PHj; — PLj — TiTHj — TLj (112)
qH; — 9L; ;i —1

zj =

Moreover, let k; denote the preference level of the consumer who is in-
different between buying the differentiated good and not making a purchase.
Consumption of one unit of the good of quality qz; at price py; yields zero
utility for this consumer, so from (109) it follows that k; = z1; = %' Hence,
consumers with preference parameter z; < 6 < 0 purchase good H and con-
sumers for whom z7; < 6 < 2; purchase good L. Consumers with 0 < 8 <
z1; make no purchase.

The quantity demand for H and L goods in market j, and thus firm sales,

are denoted by Sy; and Sp;, respectively, and given by:

qHj —4qLj
SLj = 2% —TLj = P_Hj — PLj - &l (114)

915 —49Lj qLj

The corresponding profits, Ilx; and Iy ;, from H and L sales in market 7,

are thus:
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Og; = (pu;—baf;) (0-2) (115)

Or; = (pj—bda};) (25 — Lj) (116)

Substituting for z; and rearranging yields:

1

Oy; = Tj—_ll]Hj (T — bqn;) (a('rj —1)—rjzy; + 'TLJ') (117)

.
M = T au; (215 — bars) (za; — o1;) (118)

Maximising IIg; with respect to zp;, given z7; and rj, yields the quality-

deflated price reaction function (Rg) of firm H in j:

on; (T1) = 5.- r(f‘a 1) + brigu; + ;] (119)

Maximising II7; with respect to x1;, given zy; and r;, yields the reaction

function (Ry) of firm L in j:

1
215 (znj) = 5 (bars + 21;) (120)

dz g -2
- ?

The slopes of the price reaction functions, ET—LIR 2,,] L5 |R
L

respectively, confirm prices are strategic complements. Moreover, if qf; > qr;

in stage 1, then r; > 1 and zg; > xr;, while if gy; = qz; in stage 1, then
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r; = 1 and (119) and (120) imply that zy; = z;.
Solving (119) and (120) simultaneously yields the unique Nash equilibrium

in quality-deflated prices, in terms of parameters b, 6, and firm quality levels:

1 — -
tg; = ———— (2910 — 2q1.:0 + 2bg%;; + bg? ; 121
Hj 4QHj —ar; ( qHj qrj qH] qL]) ( )

1 — _
zr; = —— (qui0 — qr;0 + bg%; + 2bquiqr; 122
Lj Aqm; — aL; (QHJ qL; qdH QHJQLJ) ( )

Substituting (121) and (122) into (112) yields the equilibrium marginal

consumer z;:

1

2= ——— (2910 — qr.;0 + 2bq%; + bamiqL 123
J 4qm; — q1; ( 4H; qLj a4 QHJQLJ) ( )

Equilibrium prices follow directly from (121) and (122):

qaH; 7 2 2
o= I (90 (qms — qus) + 26 + ba2. 124
PH; 4qu pp ( (QH] qLJ) dH; qL]) ( )
— qLj 7] 2
; —_— i —qri) + g% + 2bqyiqr; 125
PLj Aqm; — a1; (— (QHJ Q'LJ) Uri g QHJQLJ) ( )

Inspection of (124) and (125) reveals the quality gap, gu; — qr;, to be
a key determinant of prices. If firms choose identical quality levels qz; =
qrj = gj, then the quality gap is zero and prices collapse to marginal cost,
PHj = PLj = qu2-. The Bertrand outcome for homogeneous goods where price

is equal to marginal cost and firm profits are zero results. This drives the
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quality differentiation result of the literature, confirmed in the next section.

3.1.3 Nash Equilibrium in Firm Qualities

Anticipating the price implications of their quality decisions, firms set quality
levels non-cooperatively in stage 1. Substituting (124) and (125) into (113)

and (114) gives demands in terms of stage 1 qualities:

- qH; 7
Suj = 0—zj=—29 (95— 2bqy; — bay, 126
. i = T ( qrj — bqr;) (126)
Sij = zi—zLi= zﬁ (6 + ban; — bar;) (127)

It is now straightforward to express firms’ first stage profits as a function

of quality levels, market size and the cost parameter:

a3, (20 — 2bqu; — quj)2
(4qm; — q1;)?

qu;jqr; (6 + bam; — bQLj)2
(49m; — qr;)?

Npi(gnj.a;) = (qu; — arj) (128)

Or;(qmj,qri) = (qm5 — qrj) (129)

The profit equations confirm that firms can only earn positive profits when
a quality gap is established in stage 1. Profits are affected by quality choice
in two ways. Firms trade off the cost of producing a higher quality good with
the higher price made possible by the higher quality level, but also consider
the disparity in quality levels, which affects the intensity of price competition.

The quality levels in the unregulated equilibrium are found by solving the
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following system of first-order conditions, that captures these two effects:

O (qmjr qrs) _ 9H; (2bqu; + bar; — 26)
OqH;j (4qm; — qr;)3

(24bg3;; — 22bq3; 915 + 5ban ;a5 ;
(130)

—|—2bq%j - 4q§1j§ + ﬁqﬂquja — Sq%jb_) =0

OMy;(qn>qrs) _ 9H; (6 + bgm; — bar;)

OqL; (4qm; — a13)3 (4qu’j - 1ngJ2!1j‘1Lj + 17bQqu%j
J 3 J

(131)

—2bq}; + 4430 — Tqm;q1;0) = 0

The first order conditions simplify to (132) and (133), implicitly define the

quality reaction functions of the two firms, qx; (9z;) and qr;j (qa;):

24bq?,]- - 22bq?ﬁ-qu + 5qujq%j + 2bq%j — 4qrf’ﬁ§ + 6ququ§ - 8q%j§ =0

(132)

4bgy; — 19bg3;qr; + 17bqm a5 ; — 2bqy; + 443;0 — Tamqr;0 =0 (133)

Confirming a maximum, the analytical expressions for qg; (gz;) and qr; (g#;)
can be found. These are not included in the main text due to their length, but
can be found in Appendix A. The reaction functions are illustrated for param-

eter values @ = 5 and b= %— in figure (19), and shown to be positively sloped,
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indicating that firm quality levels are strategic complements. The intuition
behind the upward sloping gnj {gLj) reaction function is straightforward. A
rise in gLj narrows the quality gap, thereby intensifying stage 2 price compe-
tition. The high quality firm thus has an incentive to increase its quality in
order to widen the quality gap and alleviate competition. The convexity of
costs with respect to quality ensures it is not optimal for the high quality firm
to fully offset the impact of higher ¢ij and thus quj {gLj) has a slope less than

L.

/\HJ

UR

Figure 19: Nash equilibrium in qualities.

The upward sloping reaction function of the low quality firm, glj {gHj), is
less straightforward, since an increase in gjjj widens the quality gap, relaxing

price competition. The intuition behind the relationship is that the low quality
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firm’s revenue is increasing in its own quality level, but its ability to raise qr;
is constrained by the stronger price competition that ensues. The alleviation
of price competition through a higher gg; thus permits an increase in q,;, that
would otherwise not be optimal.

Since product differentiation relaxes ex post price competition®®, firms
find it optimal to offer distinct quality levels in equilibrium. Solving (132)
and (133) simultaneously yields the unregulated equilibrium quality levels
qgf = 0.409762 and qgf = 0.19936% They are increasing in market size,
but decreasing in the cost parameter of the model.

In the context of the two-country model, either high or low quality goods
are imported by j. The larger the market size of country j, or the higher is the
highest income level (depending on the interpretation of §), then the higher
the quality of traded goods of a given type. The results of the model are
thus consistent with recent empirical studies that find a positive relationship
between the quality of traded goods and country size and income (Hallak,
2006; Hummels and Klenow, 2005).

Substituting equilibrium qualities qg? = 0.40976?; and qgf = 0.19936§
into the prices, sales, and profit equations fully characterises the unregulated

equilibrium. The results are reported in table (1).

26This result is reminiscent of the well-known result of Kreps and Scheinkman (1983),
where duopolists choose capacity constraints and then compete in prices. The incentive to
constrain output in order to alleviate price competition gives rise to the Cournot outcome.
Commitment to quality differentiation serves a similar purpose in the vertical product dif-
ferentiation literature, but there are key differences; quality-differentiated goods command
different prices, so firms are asymmetric in equilibrium. In contrast, capacity constraints
serve to uniformly raise price above marginal cost preserving the symmetry between firms.
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The consumer surplus in j, Cj, is comprised by the surplus of consumers of
high quality goods H, denoted by Cy;, and of consumers of low quality goods
L, denoted by Cp;. Integrating utility over the relevant range of consumers
gives the expressions (134), (135) and (136), expressed in terms of firm quality
levels and model parameters § and b. Substituting for equilibrium quality

levels yields consumer surplus in the unregulated equilibrium, reported in table
(2)-

]
Cuj = / (0gm; — puj) o (134)
Zj
9 —
55 29—2qu'—qu' — —
= Hj ( J 5 J) (quJ-O + quJ-B — qu%j — 2bq%,j + ququj)
2 (4qn; — q15)

Zj
Crj = / (0gL; — pL;) db (135)
TLj

2
qy;9L; — 2
= —HITH (G4 by — bgr;

C; = Chj+Cyj

2
9Hj 2 3 5 2 3 2 9
= ————(3b°qr; — 2bqr;iqm;0 + 4b°qy; + b qr;q;
2 (4(]1-1] _ QLJ)2 J J J J J J
2 2 72 2 7 72 2 5

3.1.4 Firm Quality Rankings and Multiple Equilibria

Sections 1.2 and 1.3. solve for unregulated equilibrium prices and qualities
in each market, without specifying which of the two firms, A or B, is the
high or low quality supplier in each market. The assumption that firms can

freely choose quality levels for domestic and export sales and the absence of
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The Unregulated Market j

Quality levels gyF = 0.409767 gy = 0.199367
Quality ratio r; = 2.0554
Quality gap qHj; —qLj = 0.2104%

-2 -2
Prices p; = 0.22666% pr; = 0.075010%
Quality-deflated prices | zx; = 0.533146 zr; = 0.376256
Marginal consumer zj = 0.720750
Sales Shj = 0.279250 Sp; = 0.34450

=3 -3

Profits My; = 0.01640_73%- Iz; = 0.012149%
Consumer surplus C; = 0.046985%

Table 2: The Unregulated Market

transport costs gives rise to four possible equilibria:

1. Each firm supplies its home market with low quality goods and exports
high quality goods, so gaa < g4 and gap > gpp. Countries trade in

high quality goods.

2. Each firm supplies its home market with high quality goods and exports
low quality goods, so gaa > qpa and g4 < ggp. Countries trade in low

quality goods.

3. Firm A is the world high quality supplier, so gas > qpa and gap > ¢BB.
Country B imports high quality goods from A while A imports low

quality goods from B.

4. Firm B is the world high quality supplier, so gaa < ga and ¢4 < ¢BB-
Country A imports high quality goods from B while B imports low

quality goods from A.
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Hence the model gives rise to three possible trade patterns. Countries may
trade in high quality goods, low quality goods, or bilateral trade may be in
goods of different quality levels (equilibria 3 and 4 are symmetric).

The welfare of a country is measured as the sum of consumer surplus and
profits of the domestic firm from domestic sales and exports. The welfare of
each country thus depends on the quality rankings of firms in each market, and
thus the pattern of trade in equilibrium. While world welfare, denoted by W,
is unchanged between equilibria, the distribution of welfare between countries
varies. Consumer surplus is symmetric between countries at C; = 0.0469855—:-
but the higher profits earned from H sales in the unregulated equilibrium
imply higher welfare from a higher quality ranking of firm j relative to the
foreign firm.

Equations (137) to (140) give the welfare equations for country A under

the four equilibrium configurations:

Wisaa<asagas>aes = Ca+Hra+Ins (137)
“’]?AA>qBA,qAB<qBB = Ca+1lga+1ip (138)
VI/"‘?AA>‘IBA7‘IAB>GBB = Ca+Ilga+1ns (139)
mgAA<43A,qAB<qBB = Ca+Mlpa+1Lp (140)
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Correspondingly, equations (141) to (144) describe welfare for country B under

the four equilibrium configurations:

B

WIQAA<QBA,¢IAB>QBB
B

I/Vl‘]AA>‘IBArqAB <4BB
B

VV|¢1AA >4BA3AB>4BB

B
VVIQAA<¢JBA,¢IAB <4BB

= Cgp+Myga+1Ip

= Cp+Mpa+yp

= Cg+pa+1B

= Cp+Hga+1lyp

(141)
(142)
(143)

(144)

Combining the unregulated market outcome reported in table (2) with welfare

equations (137) to (140) and (141) to (144) yields the unregulated welfare levels

in table (3) for the four equilibrium configurations.

Unregulated Equilibrium Welfare Distribution

Firm Rankings w4 wE w
(1) gaa < gBa, 948 > gsp | 0.075541% | 0.075541% | 0.1510825-
(2) qas > gBa, 4aB < gss | 00755412 | 00755412 | 0.151082%
(3) g4 > qBa, qaB > qpp | 0.079799% | 0.071283Z | 0.1510822
(4) qas < gBa, 945 < gs5 | 0.071283Z | 0.079799% | 0.151082%

Table 3: Welfare distribution in the unregulated equilibria.

Table (3) shows the asymmetric distribution of welfare in equilibria (3)

and (4) where national firms are either world quality leaders or world low

quality suppliers. Equilibria (1) and (2) give rise to symmetric welfare effects

in the unregulated equilibrium. This symmetry is not preserved, however,
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in the regulated equilibrium where governments set minimum standards non-

cooperatively, as is made clear in the next section.

3.2 Non-Cooperative Minimum Quality Standards

This section endogenises the choice of minimum quality standards in the two
countries, where these are the result of a non-cooperative standard-setting
game between the governments of A and B. The objective function of each
policy-maker is to maximise national welfare, taking as given the minimum
standard of the other country, while anticipating the optimal quality response
of the high quality firm and ensuing duopolistic price competition.

The industrial organisation literature on minimum quality standards has
only recently endogenised the choice of national minimum quality standard
(Ecchia and Lambertini,1997), prior to which standards were modelled as ex-
ogenous constraints. This chapter extends the analysis to examine the in-
centives for standard-setting in an international context, thereby showing the
effects of cross-country externalities and the role of trade patterns in shaping
national incentives. Section 1.4 establishes the three possible trade patterns
that arise as equilibria of the two-country model. These in turn correspond to
three non-cooperative Nash equilibria in minimum standards.

The section first examines the effects of minimum quality standards on key
market variables that influence national decisions. The government reaction
functions in minimum standards are then examined and the Nash equilibria in

minimum quality standards characterised. These are contrasted to the world
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optimum pair of quality standards and the role of unilateral standards as

non-tariff barriers to trade is analysed.

3.2.1 The Effects of Minimum Quality Standards

The welfare improving effects of minimum quality standards in a single mar-
ket with two price-competing duopolists was first found in Ronnen (1991)
and is a feature of the subsequent literature, such as Crampes and Hollander
(1995) and more recently Ecchia and Lambertini (1997). It is common to the
literature that the intensity of price competition induces a greater degree of
quality differentiation than is optimal from a social welfare perspective, which
a minimum standard can correct by narrowing the quality gap between the
two goods and raising both quality levels.

As the next few sections show, the incentive to regulate is also a feature
of the two-country model, but the open economy characteristics of the frame-
work distort policy-makers’ incentives to correct the inefficiency in quality-
differentiation. This section analyses the effects of a minimum quality stan-
dard, s?, in country 7, such that s/ > qgf. The related industrial organisation
literature usually examines the effectsbof ‘mild’ minimum standards as ex-
ogenous constraints, defined as a standard in between the two unregulated
qualities, qg? > sl > quR. Since s7 is determined endogenously in this model
as a result of a strategic game between policy-makers, we prefer not to restrict

policy-makers’ strategy space through a priori assumptions about whether

unilaterally selected standard are ‘mild’ or ‘severe’, i.e. s¥ > q}ﬁz > qgf. The
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effects of s’ on key market variables, for the range of values consistent with

both firms remaining in market j, are summarised by the following:

(i) The quality levels of both firms increase and the degree of quality dif-
ferentiation decreases. qr; > qgf as a result of the binding standard,
and qg; () > qg? as a result of the strategic complementarity between
quality levels. The standard has the effect of raising the quality of the
low quality firm closer to that of its rival. As discussed in section 1.3,
the optimal response for the high quality firm to raise its own quality
level to alleviate the price competition induced by the implementation
of a minimum quality standard. The convexity of costs ensures that the
high quality firm’s quality rises less than proportionally, as a result of the
trade-off between the intensified price competition that a smaller qual-
ity gap implies and the convex costs of quality improvement. The high
quality firm’s quality response to minimum standard standard s’ found
by substituting gz; = s’ into the high quality firm’s reaction function,
implicitly defined by (132), which yields gg;(s?), the optimal response
of the high quality firm?? to standard s’. Figure (20) illustrates the
path of quality levels and the quality ratio 7/ with minimum standard
sf for 6 =5 and b = % As the severity of the minimum standard in-
creases, the quality ratio converges to 1, while the quality gap converges

to zero. Let sP7 denote the ‘prohibitive’ minimum standard in country

#TThe analytical expression for gz;(s’) can be found in Appendix A.
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7, at which quality levels are equal. The ensuing price competition is
at its strongest and both firms earn zero profit. s©7 is thus the high-
est standard consistent with the survival of both firms in market j. For
standards s > s¥7, firms would make losses?® giving rise to exit. Solving

qu;j(sF7) = qr; = s™7 yields the general expression for sf7:
sPi = (145)

The larger the market, or the lower is firm cost, then the higher the
maximum standard consistent with a duopolistic outcome. For § = 5
Pj

and b= 1, sF7 = 2 as illustrated in figure (20).

(ii) Prices are increasing and converging over s’ € [qgf, %%]. There are two
conflicting effects on price levels. First, a higher s7 implies higher quality
levels for both firms and thus higher variable costs, that are increasing
at an increasing rate due to the convexity assumption. Second, the
convergence of quality levels intensifies price competition, moderating
the impact of costs of price levels. The cost effects dominate under
the assumptions of the model, in contrast to other contributions, where
prices fall with standards (e.g. Ronnen, 1991, Boom, 1995). Substi-
tuting q7; = s’ and gg;(s?) into price equations (124) and (125) yields

pu;j(s?,b,0) and pr;(s?,b,6), which are confirmed to be increasing in 7,

28Note that if firms incur a fixed costs of production in addition to the variable cost
specification assumed, the threshold standard above which exit occurs is lower than s7.

For simplicity, fixed costs are set at zero.

149



while the price gap is declining in s/. Figure (21) illustrates pg;(s’,b,0)

and py;(s?,b,0) for 6 =5 and b= 1.

(iii) Profits of the high quality supplier decrease with standard s’ and profits

of the low quality increase with standards up to a certain threshold level,

3, above which they also decline. Substituting qz,; = s7 and gg;(s’) into

the profit equations (128) and (129) yield Iz;(s?,b,0) and I;(s7,b,6),
Mlz;(s7,b,8)

from which —"45== < 0 is confirmed. Solving an’“g::’b’a) = 0 and

confirming the maximum yields threshold level:

|

= 0.27763~ (146)

Ol ; (3-7 ,b,?)

Ol ; (sj ,b,?)
0s?

57 < 0for s €

Hence, > 0 for s/ € [qgf,g] and
[3,s77]. The path of firm profits ea