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Abstract

We develop a microstructure model of a market for a homogeneous good in which oligopolistic
market makers coexist with an active search market. Market makers post bid and ask prices which
are freely observable. Middlemen stand ready to trade at bid and ask prices they quote on a private
basis to consumers or producers who identify these intermediaries via a costly search process. We
model competition between market makers as a two-stage game: capacity setting in the first stage
and bid and ask price setting in the second stage. We characterize the equilibrium market structure
of intermediaries and the distribution of prices in equilibrium and prove existence. We then use
the model to study the effect on prices that emerges following a change in the market structure of
intermediation, specifically through the exit of a market maker. Exit of a market maker initially
results in a shift of trade from market makers as a whole to middlemen resulting in an increase
in price dispersion. Following transition to the new market structure with fewer market makers,
price dispersion returns to its pre-exit level when total trade passing through the remaining market
makers is roughly equal to the pre-exit level. We present an empirical study of price dispersion
in the North American natural gas market for the period before and following the exit of Enron,
a major market maker in late 2001. The empirical evidence supports the main propositions of
our theory: price dispersion jumped 4-fold immediately following Enron’s exit but returned to its
pre-exit level within roughly 2 months following the exit date.

Keywords: oligopolistic market makers; middlemen; intermediaries; price dispersion; North
American natural gas market
JEL classifications: D43, L11, L.13



1 Introduction

We study the dispersion of prices in a market composed of both middlemen and oligopolistic
market makers and how dispersion is influenced by a change in the market structure of trade
intermediation. The intermediation of trade in real goods is a significant feature of many markets.
Typically, intermediation is facilitated by online and offline intermediaries. We use the terminology
'market maker’ to denote an online intermediary, and the terminology 'middleman’ to denote an
offline intermediary. Most market makers today facilitate trade by posting publicly observable
bid and ask prices on the internet. On the other hand, middlemen stand ready to trade at bid
and ask prices they quote on a private basis to consumers or producers who identify them via a
costly search process. The implications of such trading structures when online market makers are
present have however received surprisingly little attention, notable and important exceptions being
Rust and Hall (2003) who extend the price-setting middlemen model of Spulber (1996, 1999) by
introducing a monopolist market maker, and Baye and Morgan (2001) who study a monopolist
information gatekeeper. Some markets however, such as the North American market for natural
gas, have exhibited the joint existence of both middlemen as well as multiple market makers. The
analysis of such an economic setting requires an alternative formulation of the model.

Our study makes several new contributions to the literature on intermediation in real markets.
First, the theoretical model developed in this study is new to the literature. The model features
both oligopolistic market makers and competitive middlemen which, consistent with real markets,
face different costs when executing transactions. Our framework extends the work of Spulber (1996,
1999) and Rust and Hall (2003). Further, the presence of asymmetric costs in the model differs
from the symmetric oligopolistic competition model developed in Loertscher (2005) and allows us to
examine a facet of intermediated markets for real goods that has not heretofore been investigated.
Second, our focus is on the dispersion of prices in an equilibrium in which market makers and
middlemen quote bid and ask prices, and, on how the dispersion of prices changes when there is a
change in the market structure of intermediated trade. Third, we present an empirical analysis of

changes in price dispersion following a major change in the structure of intermediated trade in the



North American natural gas market. The empirical analysis allows us to draw inferences about the
predictions of the model which are indeed consistent with the data.

The study of oligopolistic competition amongst market makers is limited. Rust and Hall (2003)
suggest approaching the problem within a Bertrand-style price competition setting. The problem,
however, is that Bertrand price competition among market makers will usually lead to a Walrasian
equilibrium as shown by Stahl (1988). In such an equilibrium all middlemen will be driven out of
the market. To explain the coexistence of oligopolistic competition among market makers within
an active search market, we must introduce non-degenerate imperfect competition among market
makers.

The demand and supply faced by market makers can be expressed as linear functions of price
within the search setting in which market makers and middlemen coexist We formulate a two-stage
game in which market makers compete in capacity choice at the first stage and in bid and ask
prices in the second stage. Similar to the well known argument made by Kreps and Scheinkman
(1983), we show that the outcome of our two-stage game is equivalent to the Cournot outcome
when capacity cost is sufficiently large.

We use the model to analyze the dispersion of prices in the market, and in particular how
this dispersion changes when the market structure of intermediation changes. Price dispersion can
consist of offline price dispersion in the search market populated by middlemen and online price
dispersion that results from the equilibrium mixed strategy followed by market makers. Baye and
Morgan (2001, 2004) focus on online price dispersion. Our focus is on offline price dispersion. In
our model middlemen are heterogenous in the transaction costs they incur when intermediating
trade. A higher transaction cost increases the optimal ask price, but reduces the optimal bid price
offered by a middleman. When capacity cost is sufficiently large, all market makers publicly post a
unique ask (bid) price, which serves as the high (low) bound for the ask (bid) prices of middlemen.
The consumer (producer) who has a reservation price lower (higher) than the price posted by the
market makers transacts through middlemen. In this setting the spread between the highest and
lowest ask (bid) price, what we refer to as dispersion, equals the spread between the most efficient

middleman’s ask (bid) price and the ask (bid) price posted by market makers.



As market makers enter or exit the market, the ask and bid prices posted by market makers will
change, and therefore the dispersion of ask and bid prices will also change. We show that the exit
of a market maker initially results in a shift of trade from market makers as a whole to middlemen
resulting in an increase in price dispersion. Following transition to the new market structure with
fewer market makers, price dispersion returns to its pre-exit level if total trade passing through the
remaining market makers is roughly equal to the pre-exit level.

The exit of Enron in late 2001, the then largest market maker in the North American natural
gas market, provides a unique opportunity for us to examine the effect of this change in market
structure on the dispersion of market prices. Enron was a major intermediary handling roughly
20% of the wholesale natural gas volume sold in the domestic United States by the top 10 marketers
during the period leading up to December 2001. We present an empirical study of price dispersion
in the North American natural gas market for the period before and following the exit of Enron in
late 2001. The empirical evidence supports the main propositions of our theory: Natural gas spot
price dispersion jumped 4-fold immediately following Enron’s exit at the end of 2001 but returned
to its pre-exit level within roughly 2 months following the exit date. Our empirical analysis of how
price dispersion varies with the structure of market makers is new to the literature.

Our study is related to the literature on the microstructure of market intermediation. Other
than the work of Spulber (1996) and Rust and Hall (2003) which are the foundations upon which we
build our model, Rubinstein and Wolinsky (1987) study a random matching model with buyers and
sellers in which intermediaries act as dealers. Gehrig (1993) considers Bertrand competition between
intermediaries who also compete within a search market and shows that competition eliminates the
bid-ask spread. Yavas (1992, 1994) allows the consumer to choose between a market maker and
a matchmaker and studies the effect of the matchmaker’s presence on search intensity. Fingleton
(1997) studies direct trade between buyers and sellers. Shevchenko (2004) studies a search setting
in which intermediaries can hold inventories.

Our paper is also related to the literature which focuses on capacity constrained oligopoly
competition. Stahl (1988) studies a setting in which intermediaries bid to buy the capacities they

will face when selling to consumers. Boccard and Wauthy (2004) extend Kreps and Scheinkman’s



duopoly result (1983) to the oligopoly setting. Loertscher (2005) introduces capacity constrained
market makers in a symmetric oligopoly. An important difference between our model and these
symmetric oligopolistic competition models, is that we allow different marginal costs amongst
market makers. If the capacity cost is sufficiently large, we show that a unique subgame perfect
Nash equilibrium (SPNE) is for market makers to choose Cournot capacities, accompanied by pure
strategy market clearing ask and bid prices. If the capacity cost is small, however, it is possible
that market makers choose a mixed strategy price setting path.

We begin by studying a market with middlemen but no market maker in Section 2. We then
introduce a fixed number of oligopolistic market makers in Section 3. In both sections we highlight
the dispersion of prices in equilibrium. In Section 4 we turn to the effect on the dispersion of
prices when a market maker exits. In Section 5 we present an empirical study of the behavior of
North American natural gas spot prices before and after the exit of Enron in late 2001. Section 6
concludes the paper. Table Al presents a list of the variable symbols used in the paper along with

a brief description of each variable.

2 The Market with Middlemen but No Market Maker

Market makers post the price at which they are willing to buy (bid price) and the price at which
they are willing to sell (ask price) for all consumers and producers to freely see at no cost to the
consumer or producer. In contrast the bid and ask prices of middlemen are private information.
We assume a consumer or producer can discover the bid and ask prices of a middleman through a
costly search process. We begin our discussion with the development of the search market in which

only middlemen are present.

2.1 Consumers and Producers

The population of consumers is represented by a uniform distribution of willingness to pay levels
on the interval [v, 7] similar to Spulber (1996, 1999) and Rust and Hall (2003). We assume any
particular consumer searches randomly across the N middlemen present in the market. Each

middleman therefore faces an equal probability of making a trade. Consumers know the equilibrium



distribution of ask prices, p, offered by middlemen F'(p) but not the particular middleman associated
with each price. A consumer of type v consumes one unit of the good if the price she pays is at
most v. The unitary consumption assumption implies that these consumers will not make any
subsequent transactions after their initial trade. Consumers remain in the market for a random
length of time before permanently exiting from the market. Let A € (0,1) be the probability that
a consumer exits the market and p be the time discount rate for period t. In each period a fraction
A of the population of consumers exits the market and is replaced by an equal fraction of new
consumers. The optimal search strategy for a type v consumer takes the form of a reservation price
rule: accept any ask price less than the reservation price 7.(v). The reservation price is defined by
the standard recursive equation

1
v=relv) = 15

Y

re(v) 00
/ (v - p) dF(p) + / (0 — ro(v)) dF (p)

re(v)

which can be simplified as

re(v)
v=r0)+ 3 / F(p)dp , (1)

iS]

where 0 = 1/[p(1 — A)] — 1 is the composite exit-adjusted discount rate per period. The cost of
searching in the model is the cost of waiting to transact implicit in the discount rate. The function
re(v) is strictly increasing in v on the interval (v*,v), where v* is the marginal consumer for whom
the expected gain from searching is zero. It is easy to see that v* = r.(v*) = p, and p is the lowest
ask price across all middlemen.

Consumers and producers randomly search across the N middlemen. As a result each middleman
will receive an equal share of the total searchers. Suppose that a middleman asks a price of p. Let
D;(p) denote the mass of consumers who are among the initial population and who purchase the
good in period i. Total expected discounted demand, D(p), is the expected discounted value of the
stream of demands in all future periods by the initial population of consumers as well as the stream

of demands from each succeeding generation of new consumers entering the market. That is,



o0 o0 o0 _
D(p) =D p'Dilp) +AY_ 7' > 0’ Dilp) = i (2)
i=0 j=1 =0 N -p)

where N is the number of middlemen and 7. is the highest reservation value of the population

of consumers.! Total discounted demand, conditional on p, depends upon the marginal gain from

trade assessed by the consumer with the highest personal per unit value T (highest reservation price
Te()).

A producer of type ¢ produces one unit of the good at a cost of ¢. The population of producers is

represented by a uniform distribution of costs on the interval [, ¢]. Producers know the equilibrium

distribution of bid prices G(w) but not the particular middleman associated with each price w.

Each producer searches randomly across middlemen and accepts any bid price w that exceeds the

reservation price 7,(c), which is given by the solution to

¢ = rpfc) — ;/w [ — Gw)] dw . (3)
rp(c)
The reservation value rp(c) is a strictly increasing function of ¢ on the interval (c,c*), where ¢* =
rp(c*) = W is the cost of the marginal producer for whom the expected gain from searching is zero
(i.e. the producer with the largest reservation selling price). Producers also exit the market each
period with probability A € (0,1) and are replaced accordingly with new producers. By reasoning
similar to the articulation of demand, a middleman’s total expected discounted supply function is
therefore
—Tptw

S(w) = m ) (4)

where Tp is the lowest reservation value of the population of producers.

The equilibrium demand of consumers who participate in the market is given by (7.—p)/ (1 — p) =
ND(p), which is equal to the equilibrium supply of producers who participate in the market,
(=1 +w)/ (1= p) = NS(w).

'Rust and Hall (2003) present the development of the demand and supply functions shown in equations (2) and
(4). A detailed derivation of the demand and supply functions is available from us upon request.




2.2 Middlemen

Middlemen incur a transaction cost k per unit of the good purchased from any producer. The
population of potentially active middlemen is represented by a uniform distribution of transaction

costs k on the interval [k, k]. A middleman’s present discounted value of trading profits is given by

m(p,w, k) = pD(p) — (w + k)S(w) , ()

where the middleman buys at w, incurs the cost per unit of £ and sells at p. Each middleman,

indexed by k, solves the following problem

max 7(p, w, k) subject to D(p) < S(w) . (6)

p7w
The first order conditions associated with problem (6) yield optimal ask and bid prices, p and w

respectively, for a middleman with transaction cost k

Ire+rp+k Te+3rp —k
=———and w(k) = —— . (7)

p(k) 1 1

A higher transaction cost increases the optimal ask price p(k), but reduces the optimal bid
price w (k) conforming with intuition. These bid and ask prices also equate supply and demand in
every period as has been shown by Spulber (1999, Ch. 6). Substitution of the optimal bid and ask

prices into the profit function gives

ﬂ(p,w,k)—SN(ll_p)(rc—rp—k)Q . (8)

The value for k which solves 7(p, w, k) = 0 gives the highest transaction cost that any middleman
can incur while both serving the market and surviving. Denote this value as k* where it follows
that

k* =7, — Tp - (9)

Any middleman with transaction cost k£ > k* will not enter the market. If k* < k, the market



is inactive since no middleman has a transaction cost less than k* and hence none could survive.
We are interested in active markets and so focus on the case k* > k. We will also assume that
k is sufficiently large so that k* < k. Thus, the number of middlemen operating in equilibrium is
represented by N = k* — k.

Letting k in equation (7) equal first k£ and then k*, we obtain the lower and upper bounds of the

equilibrium distribution of ask and bid prices. Ask prices are uniformly distributed on the interval

[p,P], and bid prices are uniformly distributed on the interval [w,w], where

(S
I

(37c+mp+k) /4 p=7

w = @,m:<ﬁ+3r£—k)/4. (10)

The maximum ask price is equal to the highest reservation value of the population of consumers
and the minimum bid price is equal to the lowest reservation value of the population of producers.
We restrict our attention to stationary pricing policies on the equilibrium path. Thus, the pair
of equilibrium ask and bid prices derived above represent steady-state equilibrium prices in each
period. Substituting the uniform distribution F(p) and expression (10) into equation (1) for the
consumer with the highest reservation price 7. = r.(v), and similarly, substituting the uniform
distribution G(w) and expression (10) into equation (3) for the producer with the lowest reservation
price rp = rp(c), we solve for 7. and Tp- The operation gives 7, + T =70+c Using this result,

expression (10) can be rewritten as:

(11)
3 The Market with Oligopolistic Market Makers

We now extend Rust and Hall’s (2003) model by introducing oligopolistic market makers, who
with N middlemen, serve the market. We begin by assuming there are M market makers. Market

maker j(j =1,---, M) posts publicly observable ask and bid prices (p;”“, w}”) There is no cost to



a consumer or producer to view these prices. Competition amongst market makers is modeled as
a two-stage game in which market makers compete in capacity in the first stage, and compete in

bid and ask prices in the second stage.

3.1 Demand and Supply Faced by Market Makers

Consider an economy in which both middlemen and multiple market makers serve the market. Let
BA be the lowest ask price and @ the highest bid price presented by middlemen. Let p™ be the
(lowest) ask price and w™ the (highest) bid price posted by market makers. We will first derive the
demand and supply functions faced by market makers as a whole. Following Rust and Hall (2003),

let v.(p , p™) be the value of the marginal consumer with reservation value p™. That is,

m

1

ve(p ,p™) =p™ + 5/: F(p)dp . (12)

The consumer who has the reservation value v € [v,p ) will not trade. If v € [p ,ve(p ,p™)), it is
optimal for consumers to search in the middlemen market. If v € [v.(p ,p™), ], then it is optimal

for consumers to buy the good from a market maker. A symmetric argument gives
. 1 /@
0y (T ™) = w™ — 5/ 1 Gw)dw . (13)
,wm
where vp(ﬁﬁ,wm) is the value of the marginal producer with reservation value w”. Applying the

results from Section 2, it can be shown that the distribution functions of the ask and bid prices

presented by middlemen, F'(p) and G(w), are still uniform with supports

p = GBp"+w"+k)/4 D =p"

w o= w"w =" +3wm—k)/4. (14)

Market makers as a whole face total market demand, X = v — vc(g,pm), and total market

supply, Y = v,(w ,w™) — c. Let X =Y, which implies that



P+ uw" =0+c. (15)

Using equations (12), (13), (14) and (15), we have:

X(P™) = a; — ap™ and Y (w™) = az + a;w™ , (16)
where a; = [(86 + 1)+ c+k]/(85),a3=—[(86 + 1) c+v — k] / (80),and ay = a, = (40 + 1) / (49).

The inverse market demand and supply functions are therefore

X - Y
U2 andwm(Y)= -8 4 2 (17)
Ay Qg ay Gy

p"(X) =

The Walrasian quantity Q" is given by p(Q") = w(Q™). Let o = 9 4 9 46 (0 —c)+E|/(46+1) >
a2 a

4

0and b= L + L =85/ (46 +1) > 0. The Walrasian quantity and prices are
ay Oy

w_a 46T —c)+k w  w Ttc
Q =5 = B , and p .

Il

S

Il
—
—
o
~—

The elasticity of demand at Q* equals

(46 +1) (T 4+ ¢) (46 4+ 1) (T+¢)

E:(dCC/ﬂS')/(dp/p):— 45(5_2)_‘_& _45(@—Q)+@—Q

<-1,

where the fact that £ < k* = 7. — r, < U — ¢ has been used to derive the inequality. Thus, the
demand function faced by market makers, X (p™) is elastic at @ < Q™. Let p® maximize sales
revenue p™ X (p™). Sales revenue is maximized when ¢ = —1, which implies that p® < p*. These

results will be useful when we derive the SPNE of the game.

3.2 The Efficient-Rationing Rule

Let two market makers ¢ and j post ask prices p* < pg»”. Assume market maker ¢ self imposes a
capacity constraint g;. At p;j, the demand faced by the two market makers together is X (p;”) =

T — vC(BA,p;”). Ifg; > X(p}”), then all consumers in the interval [vc(g,pg”),@] prefer to buy the

10



good from ¢ so that the residual demand for market maker j, ;(p}"), is zero. If g; < X(p]'), we

assume that the most eager consumers buy from ¢. Thus, the residual demand for j is
zi(p]) =0 -G —ve(p ,0)") = a; — axp]' — @ , (19)

which implies an efficient-rationing rule when the market demand function is given by (16). This
result can be easily generalized to the case of M market makers. Symmetrically, the efficient-rationing
rule is also assumed for the supply side. Recall that an efficient-rationing rule is key to insuring the

Cournot outcome emerges as an equilibrium of the two-stage, capacity-constrained price game.?

3.3 Stage-Two Simultaneous Ask and Bid Price Setting

Let y; and z; denote the quantity bought and sold by market maker j, respectively. Market maker
J incurs a per unit cost ¢; for each transaction processed. We order market makers so that t; is
nondecreasing in j. Therefore, market maker 1 is the most efficient in terms of having the lowest
processing cost while market maker M is the least efficient. Assuming efficient rationing, market
maker j will face a residual-demand function against other market makers. We first construct the
Cournot equilibrium in quantity competition, and then discuss ask and bid price setting in the
stage-two subgame.

If gj = x; = y;, market maker j’s profit is

M
=" —w" —t))g; = [oz—tj—qui] qj - (20)
1=1

Recall that we are working with expected discounted demand and supply and that we restrict our
attention to stationary pricing policies on the equilibrium path. The first order condition for profit

maximization by a market maker is

M
a_tj_qui—bqj:Oforjzl,---,M, (21)
i=1

*Readers are directed to Davidson and Deneckere (1986) for a thorough discussion of the efficient rationing rule
in a Cournot equilibirum.
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which gives market maker j’s optimal reaction function

a—t;i—=b> .. q
q9; = Rj(q-;) = 5 =R (22)

where ¢_; denotes the quantity transacted by all other market makers other than j ,and R; (e) is

the reaction function. Solving the m equations in (21) gives the Cournot equilibrium quantity

. at XM ot — (M + 1)y

* — 23
% (M + 1)b (23)
It is easy to see qf > ¢35 > --- > ¢}, We assume the processing cost ¢; for any market maker is
sufficiently small so that ¢}, > 0. The total Cournot quantity is therefore
M M
Moa—) "t
Q=Yg = Mo sl 24)
= J (M+1)b

The total quantity bought by market makers, ), is always less than the Walrasian quantity
Qv. To see this, note that if > QY, then the market maker ¢ who bids the highest price must
offer w" > w". However, the highest ask price, p™*, can be no more than the monopoly revenue
maximizing price p* < p*, or the market clearing price p"(Q) < p* = w". So P < w", which
implies a negative profit for market maker i.

Given total quantity bought @ < @Y, no market maker sets an ask price Pt < p"™(Q), since
otherwise 57 would sell at the same quantity but a lower price. Neither does any market maker
ask pj' > p"™(Q). If she does, there must be some market maker j selling a quantity less than
the quantity bought. Then reducing the ask price increases profit since the demand is elastic.
Therefore, all market makers ask the market clearing price p™ = p™(Q) in equilibrium.

Let g; be the capacity set by market maker j in the first stage. We now are ready to derive
the equilibrium of the price setting subgame. We consider two cases: Case I, all market makers set

their capacities at or below the optimums, g; < R; (q_ j) for all 7, and Case II, at least one market

maker sets capacity above the optimum, g; > R;(q_;) for at least one j.

12



3.3.1 Case I: Pure Strategy Equilibrium, g; < R; (q_j) for all j

In this case, the total capacity of market makers equals,

M M - M o _
Q=7 <) Ryfa,) = M-t 0 (29
j=1 j=1

2b ’

which implies that Q < Q* < QY.

We first show that w™ = w™ (@) is an equilibrium. No market maker j bids a price higher
than w™(Q) since otherwise j would buy at the same quantity but a higher price. If all market
makers set w™ = w™ (@) , then j has no incentive to reduce her bid price. If she does, noting that
we have shown above that market makers always set the market clearing ask price and Q < Q¥,

then her profit becomes

mi(aj) = [p" (@ +7;) —w™ (¢ +7 ;) — 4] a5,

and ¢; < g;j.and 7;(q;) < 7;(q;) since g; < R;(q_;)-

We now prove the uniqueness of the equilibrium. All market makers bid the same price in
equilibrium. Suppose this were not true and suppose we let market maker j bid wi" < w™ where
w" = max{w*(i =1,---,5—1,j+1,---, M)}, then market maker ¢ with the highest bid could
reduce her bid price and maintain her capacity; if ¢ did not act to reduce her bid price the result
would be that ¢ would buy the entire market supply at w™. In this case j buys nothing at w(",
whereas j could capture demand (build up a positive capacity) by bidding W™ + ¢ for small ¢ and
earn a positive profit.

Now suppose that wi* = --- = w}j; = w™ < w™ (@) is the equilibrium bid price. Then at least
one market maker j could not realize its capacity. By charging w™ + ¢, j could capture the entire
market and would buy and sell up to capacity, which would increase her profit for a sufficiently
small € > 0. Thus, w™ < w™ (@) cannot be the equilibrium bid price. Summarizing the results,

we have:

Lemma 1 Suppose capacities are q; < Rj(ﬁ_j) forall j =1,--- M. There exists a unique Nash

13



equilibrium in the price setting subgame in which all market makers offer the market clearing bid

and ask prices, w = w™ (@) and p = p™(Q).
3.3.2 Case II: Mixed Strategy Equilibrium, q; > R; (q,j) for at least one j

If two or more market makers set g; > Q" then we have unconstrained Bertrand competition in
which all market makers who transact positive quantities set bid and ask prices p¥ = w" = %
and earn zero profits. This outcome will not be the equilibrium in the full game since capacity is
costly.

Similar to the argument in Kreps and Scheinkman (1983), if g_; < Q" for at least one j and
G, > Ri(g_;) for at least one k, there is no pure strategy equilibrium.> The problem, however, is
more complicated than in the symmetric oligopoly competition models of Kreps and Scheinkman
(1983), Boccard and Wauthy (2004), and Leortscher (2005). The marginal costs t; differ among
market makers in our model. Therefore, the crucial result that the largest market maker sets the
highest (lowest) ask (bid) price in the symmetric case no longer holds. Nevertheless, the existence
of a mixed strategy equilibrium for the game is guaranteed by the results of Dasgupta and Maskin
(1986). We can still partially characterize equilibrium behavior which will be used to analyze price
dispersions in a later section.

We first show that at most one market maker bids (asks) the lowest (highest) price with positive
probability. Suppose this were not true. Let w™ be the lowest bid price. Consider the market maker
J with g; > R; (qu). If 7 buys up to capacity g; at w™, j will prefer to bid a lower price since
q; > R;j(q_;). If j buys less than g; at w™, j will prefer to bid a slightly higher price since j’s
supply would then jump to g; and profit would increase.

Let k be the market maker who bids less than w™ with probability one. Her profit at w™ is

e = PTY(W™) —w™ =] [Y (™) — g

= [P™(ge+7-p) —w™ (e +T-k) — tr] & »

31f market makers bid the market clearing price w = w™ (@) , then k£ has an incentive to reduce the bid since
q, > Ri(q_,). If market makers bid w = w™(Q) < w™ (Q), then some market maker j who has not realized
capacity has incentive an to increase the bid.

14



where g = Y (w™) — q_j. Market maker k’s profit must be maximized at w". Hence maximizing
profit implies qr = Ri(q_1)-

Now let w;“ be the upper bound of market maker j’s bid prices. We will show @;” = w™ for all
J and that each market maker buys up to its capacity at the upper bound. If w;i"* > w7 for j £ 1,

as we have previously argued, must be ¢’s monopoly price. Then j would earn zero profit but

M
wy

could earn a positive profit by bidding w}" + €. If j buys ¢; < g; at w™, then by bidding w™ + ¢,

J could raise demand to utilize capacity g;. Summarizing we have

Lemma 2 In the mized strategy equilibrium, the upper bound of bid prices for all market makers
1s the same and each market maker buys up to its optimal capacity at the upper bound bid price.

The market maker who bids the lowest price earns the profit,

T = [P (RR(q_y) + G-i) — 0™ (Ri(G_g) + Ty) — tr] Re(G_s)-

If a small firm is outbid by a larger firm, the small firm has a larger chance of not buying
anything. The small firm may in turn adopt a more aggressive bidding strategy. However, smaller
firms are also less efficient firms in our model and are therefore more likely to bid lower prices due
to higher transaction costs. Therefore, it is possible that a small firm may end up bidding the
lowest price in the equilibrium. As a result the larger firm may earn a higher profit in the mixed
strategy equilibrium than in the pure strategy equilibrium. This result differs from the classical

result as described in Kreps and Scheinkman (1983) in which the opposite holds.

3.4 Stage-One Capacity Setting

Let the capacity installation cost be f, which is identical for all market makers. We show that
the Cournot quantity is the unique equilibrium outcome if f is sufficiently large. Let all market
makers other than j bid and ask the Cournot prices, w = w™ (Q*) and p = p™(Q*). We want to
show that j has no incentive to deviate from these prices. If she does, thereby buying quantity
g = q; +Ag; > q;-‘, then we are in the region of a mixed strategy equilibrium. Let k be the market

maker bidding the lowest price w™. If j = k, using Lemma 2 7; is the same as the profit obtained at
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the Cournot capacity. Invoking Kreps and Scheinkman’s argument, the deviation reduces net profit
since the capacity is costly. If j # k, according to the indifference property of a mixed strategy

equilibrium, k’s profits at w™ and w" must be equal. Using Lemma 2 we have:

" (Br(@p) +Gp) — ™ (Br(@p) +T-1) — ta] Bi(@-y) = " —t) g , (26)

where 2 = p™ (Y (w™)) —w™ is the bid-ask spread at w™. For market makers ¢ # j, using (22) we

obtain

Ri(@-r) = qp — Agj/2 and Ri(q_p) + 4, = Q@ + Ag;/2 . (27)

Using (26) and (27), we have 2" < p"™(Q*+ Ag;/2) —w™ (Q* + Ag;/2) . Now applying Lemma

2 we have the net profit of j, 7; — f (qj* + qu>

= (@™ —t; - f) (4 +Ag)

< (g7 +Ag) [P™MQT + Agj/2) — w™ (Q + Aqgj/2) — tj — f]

= [P"(q] +Aq/2+ ¢ ) —w™ (¢ + Agi/2+ ;) — 4] (¢] + Ag;/2)
+ M@+ Agj/2) —w™ (Q + Aqj/2) — ;] Ag;/2 — f (4] + Agy)

ﬂ—JCOUT”Ot o fq;k + {[pm(Q* + qu/Q) —w™ (Q* + qu'/Q) — tj] /2 - f}AQJ ,

IN

where ﬂ?oum"t represents j’s profit at the Cournot equilibrium. The quantity p™(Q* + Ag;/2) —
w™ (Q* + Agq;/2) — t; is less than the maximum of market makers’ bid-ask price spread. Thus, if
the installation cost f is more than half of the maximum of market makers’ bid-ask price spread,
deviation does not pay for j, and therefore Cournot capacity and the corresponding market clearing

prices w (Q*) and p™(Q*) define a unique SPNE of the game.

Proposition 1 If the capacity cost is more than half of the maximum of market makers’ bid-ask

price spread, the Cournot outcome is the unique subgame perfect Nash equilibrium in the full game.

If f is small, then market makers may choose to follow a mixed strategy price setting behavior.

The bid prices offered by market makers will distribute from w™ to w™, and ask prices correspondingly
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will distribute from p™ to p™.

3.5 Dispersion of Ask and Bid Prices

We now assume that f is large in which case market makers behave as in the pure strategy
price setting.case (Case 1) All market makers charge the same price. The consumer who has a
reservation value lower than p™ and the producer who has a reservation value higher than w™
transact through middlemen rather than through a market maker. If p™ is greater than 7., the
highest reservation value of the population of consumers, and correspondingly if w™ is less than Tp,
the lowest reservation value of the population of producers, then no consumer (producer) will be
served by market makers.and the market is reduced to the market with middlemen but no market
maker.

If p™ < 7. and correspondingly, w™

> Tp, both middlemen and market makers coexist in
the market. The distribution of ask prices, F(p), and the distribution of bid prices, G(w), are
uniform distributions with supports given by (14). All of our analysis of the behavior of middlemen
developed in Section 2 applies here as well, except that the highest reservation value of consumers
and the lowest reservation value of producers who transact through middlemen are replaced by
7o =p™ and LpA = w™, respectively. The highest transaction cost a middleman can bear and also

survive equals k* =7, — rpA = p™ —w™, and the mass of active middlemen equals N* = k* —k =

p™ — w™ — k. Substituting (15) into (14), we have:

~ o }ﬁ 6+Q+E -~ m
. R mo o G4e—k
w o= W, W =w7+”+i = (28)

The difference between the middlemen’s lowest and highest ask prices equals

+k

i

- - " v+

B~ |10



which decreases as p™ decreases. The difference between the middlemen’s lowest and highest bid

prices is given by

2 Y

- ~ U+
W —w =

=10

which decreases as w™ increases. In this case when the total volume served by market makers Q)

increases, p™ decreases and w™ increases. We summarize these results as follows.

Proposition 2 Suppose that the capacity cost is more than half of the maximum of market makers’
bid-ask price spread. There is no online price dispersion. All price dispersion arises from the
search market. As the total volume Q) served by the online market makers increases, both ask price

dispersion and bid price dispersion decline.

The market makers’ online ask price imposes an upper bound on the middlemen’s ask price.
If p™ decreases, both the upper bound of the ask price of middlemen, 7 , and the lower bound,
BA, decline. However, the lower bound decreases less than the upper bound. Thus offline ask price
dispersion is reduced as p"* decreases. The same result applies to offline bid prices.

If the capacity cost f is small and market makers choose the mixed strategy price setting,
there will be online price dispersion as well. A lower value for p™ reduces offline price dispersion,
but online price dispersion may increase. Price dispersion that arises from both online and offline
dispersion is a complicated but interesting issue, which we leave for future research. We focus on

offline price dispersion in all subsequent analysis.

3.6 An Example

We modify an example presented in Rust and Hall (2003) to illustrate our results up to this point.
Assume the capacity cost is sufficiently large so that market makers behave as in the pure strategy
price setting case. Figure 1 depicts the example. Let ¢ = v = 0 and ¢ = v = 1. Along the horizontal
axis, buyers’ valuations are plotted from high to low, whereas sellers’ costs are plotted from low
to high. Prices are represented on the vertical axis. The market with middlemen but no market
makers is depicted as the benchmark case. The consumer with the highest value 7 = 1 (located at

O) has the reservation price 7.. The marginal consumer with the value v* (located at S) has the

18



reservation price r.(v*). In this benchmark case the reservation price curve is represented by AB.
Ask prices are spread between p = v* and p = 7.

Suppose transaction costs of market makers are sufficiently small so that p™ < p. Middlemen and
oligopolistic market makers coexist in the market. The consumer who is indifferent between trading
with market makers and trading with middlemen has the value v, (QA ,p™). All consumers with values
above vc(gj, p™) trade with market makers. The highest reservation price for consumers trading
with middlemen is now reduced to p™, and the lowest reservation price for consumers trading with
middlemen is reduced to QA. Ask prices are now spread between BA and p™. Using expressions (11)
and (28), the distance between p and p is equal to (7; — p™) /2, half of the distance between p™
and p. Therefore, the ask price dispersion in the market with middlemen and oligopolistic market
makers, p" — QA, is less than that in the benchmark case where only middlemen exist, p — p, by the
amount (1/2) (p — p™). Comparing the lower bounds of the integrals in expressions (1) and (12),
because ;QA < p, we see that the reservation prices of consumers transacting through middlemen in
this case are lower than in the benchmark case. Thus, the reservation price curve A™B™ lies under
the curve AB. When p™ shifts down to p™, the reservation price curve of consumers transacting
through middlemen shifts further down to A™ B™. The ask price dispersion is further reduced by
the amount (1/2) (p™ — p") . A symmetric analysis applies to bid prices which is illustrated in the

lower half of Figure 1.

4 The Effect of a Change in Market Structure on Price Dispersion

We now consider how a change in market structure represented by a change in the number of
market makers serving the market influences price dispersion. We study the case in which a single
market maker j exits from the market. Immediately after the exit of the market maker consumers
and producers who would have otherwise traded with that party are forced to search for a new
counterparty for their trades. We define a transition period after the exit of market maker j during
which the remaining market makers and active middlemen do not adjust their capacities. One way
to motivate a transition period is to assume that short-run adjustment costs for adjusting capacity

are high. Potential middlemen with costs in the interval [k*, k] will enter into the market and the
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consumers and producers who would have transacted with market maker 7 must implement a search
across these newly entered middlemen to identify trading partners. Consumers and producers who
had already planned to transact with the remaining M — 1 market makers and N middlemen
do not deviate from their original optimal choices (prices and quantities). Following the transition
period the displaced consumers and producers settle into trading relations with the remaining M —1
market makers if their reservation values are respectively higher than the ask price and lower than

the bid price offered by those market makers, otherwise they are served by middlemen.

4.1 Price Dispersion during the Transition from M to M — 1 Market Makers

We assume that consumers who would have been served by the exiting market maker j have values
that are evenly spread from UC(BA,pm) to . Therefore, during the transition period, é—i share of
consumers in the interval of [v.(p , p™), 7] will be served by newly entered middlemen.

The capacity set by any market equals ¢ = R;(¢*;) for all i before j’s exit. R;(¢*;) increases
after j’s exit for ¢ # j. Thus, ¢f < R;(¢*;) during the transition period. The remaining M — 1
market makers choose the pure strategy equilibrium price setting in which p™ = p™ (>, 2@ ) > p™.
Consumers in the interval [v.(p ,p™), vC(QA, p™)] will also be served by newly entered middlemen.

Using the same argument as in Section 2, the highest price asked by newly entered middlemen
is p/ = 7.! > T, and the lowest price asked by newly entered middlemen is BT =T /2 +
(ﬁ +c+ k:*) /4.* The reservation price curve for consumers served by newly entered middlemen is
represented by curve AT BT in Figure 1. Note that since QT > p, the curve AT BT is above the curve

AB. Thus, the difference between the lowest and the highest prices asked by all active middlemen

and market makers becomes

Similarly, % share of producers in the interval [c, Up(@A,wm)] and producers in the interval
[vp(W , w™),vp(w ,w™)] will be served by newly entered middlemen. The lowest price bid by any

middleman is w? < w. Thus, the difference between the lowest and the highest bid prices in the

*Using equations (1), (3) and (10) it can be shown that 72 = % which is greater than 7 since

k*" > k.(where § = 1/[p(1 — A)] — 1 is the composite exit-adjusted discount rate per period).
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market becomes

Summarizing we have:

Proposition 3 The differences between the lowest and the highest bid prices and the lowest and
highest ask prices increase during the transition from M to M — 1 market makers. In other words,

both bid and ask prices become more dispersed during the transition period.

At this stage it will be beneficial to articulate the connection between the dispersion of bid and
ask prices and the dispersion of the prices at which transactions occur. As Figure 1 indicates, the
ask price is always greater than the bid price. Let ask prices be spread between p; and pa(p2 > p1)
and bid prices be spread between w; and we(wg > wi). Therefore, because transactions occur at
either an ask or a bid price, transaction prices will be spread between wq and po, which are the

lower bound of bid prices and the upper bound of ask prices. The following proposition follows.

Proposition 4 An increase in the spread of ask prices and an increase in the spread of bid prices
results in an increase in the spread of transaction prices. During the transition period from M to

M — 1 market makers, the dispersion of transaction prices increases from (w™,p™) to (w’,p").

4.2 Price Dispersion Following the Transition Period

The new structure of the market following the transition period is characterized by m — 1 market
makers. Let Q" be the Cournot quantity chosen by h market makers in total. It is easy to show
that Q™! < Q™, which implies that p™~! > p™ and w™ ! < w™. With m — 1 market makers
serving the market, the amount of consumer and producer trade volume served by all market makers

decreases.”

Further the differences between the lowest and the highest bid prices and the lowest
and highest ask prices increase. Note that the change in price dispersion is determined by the

change in Q™, the total trade volume served by market makers. If there is entry by new market

SPer our assumptions, a consumer of type v consumes one unit of the good if the price she pays is at most v,
and a producer of type ¢ produces one unit of the good at the cost of c. Therefore the trade volume is equal to the
number of consumers and producers served.
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makers and/or if there is a change in the transaction cost t;, possibly due to market reorganization
and consolidation, then it is possible that the total quantity served by all market makers after the

transition period will return to the pre-exit level Q™.5

Proposition 5 If a change in market structure does not significantly affect the total trade volume
served by all market makers, the prediction is neither will it significantly affect price dispersion.
Therefore, if the total trade volume serviced by market makers following the transition period

recovers to the pre-exit level, then price dispersion will also return to its pre-exit level.

4.3 A Caveat on Storage

The model we have developed does not include a provision for storage. The essential conclusions
of our analysis are that the competition amongst heterogeneous market makers imposes an upper
and lower bound on the price offers of middlemen. A storage provision could potentially reduce
dispersion, but because storage is a costly activity, dispersion should survive. Current technologies
do not permit costless storage. Nevertheless, in our empirical analysis we directly control for storage.
The empirical results shown in Section 5 confirm our intuition. Price dispersion empirically behaves

as the model predicts even after controlling for storage.

5 The North American Natural Gas Market

The North American natural gas industry is composed of a distinct chain of businesses and exhibits
little vertical integration. The parties involved include producers, gatherers, processors, pipelines,
marketers (both market makers and middlemen as we have defined them), distributors and end
users. Marketers act as intermediaries. There is an active market for physical gas as well as an

active market for gas futures contracts.’

Limited by the space, endogeneous entry and exit decisions are not discussed here. A monopoly market maker’s
entry and preemptive decision is studied in Rust and Hall (2003). Nevertheless, our result that price dispersion is
determined by Q™ still holds when market makers’ entry, exit, and preemptive decisions are considered.

"The primary market for natural gas futures contracts is the New York Mercantile Exchange
(http://www.nymex.com). For an insightful analysis of the evolution of the natural gas market see Doane and
Spulber (1994).
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Table 1 presents the daily trading volume in billions of cubic feet of natural gas for the major
North American gas marketers during the third and fourth quarters of 2001 and for comparison,
the fourth quarter of 2002. The total trading volume for the top 10 marketers in each quarter is
reported at the bottom of the table. During the third quarter of 2001 Enron’s share of the volume
done by the top 10 firms was roughly 20%. Enron effectively ceased wholesale trading of natural gas
shortly before filing for bankruptcy on December 2, 2001. Thus Enron’s exit represented a large,
at least short-run, disruption. It is widely agreed that prior to the collapse, Enron was the largest
market maker in the natural gas market. In the aftermath trading still appeared to flow through
roughly 20-25 major marketers and a large number of individual dealers. The model developed
earlier suggests that in the immediate wake of Enron’s exit total volume should have fallen. The
data presented in Table 1 are consistent with this prediction. The total volume of transactions
handled by the top 10 marketers fell in the quarter following Enron’s exit. Note however that total

volume had returned to roughly the pre-exit level by the fourth quarter of 2002.%

5.1 A First-look at Price Dispersion

The model developed earlier makes specific predictions about price dispersion during the period
following a market maker’s exit. The model predicts that price dispersion should have increased
in the immediate wake of the Enron exit. Following the transition to a new market structure, the
model predicts that if the total volume served by market makers does not change significantly, price
dispersion should not be significantly different from its pre-exit level.

We obtained the daily high and low spot prices of natural gas, stated in MMCF (millions of
cubic feet), for gas delivered at the Henry Hub for the period 1/2/2001 through 5/24/2002 from
records maintained by Platts. Platts is a leading industry monitor and publisher of energy industry
information. The Henry Hub is a major delivery point for natural gas and is the basis for the natural
gas futures contract traded on the New York Mercantile Exchange (NYMEX).

Our model predicts that during the transition period from M to M — 1 market makers, the

80One possible explanation for the increase in volume served by the top 10 marketers, as shown in Table 1, is a
general increase in demand. We do not test this conjecture directly but do account for shifts in supply and demand
factors in the empirical models of price dispersion examined in the following sections.
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dispersion of transaction prices increases (Proposition 4). We compute a relative range statistic
for each day of the sample period equal to Rg; = (Daily High Price - Daily Low Price)/Daily
Midpoint Price, where we approximate the Midpoint Price with the average of the High and Low
Prices. Figure 2 presents a plot of the range statistic for the period 5/01/2001 through 5/24/2002.
The plot shows that during the period immediately following the Enron exit, beginning on roughly
11/16/2001 and extending through roughly 12/10/2001, price dispersion jumped significantly. At
its peak during this calendar period, natural gas price dispersion was roughly 4-5 times greater
than its pre-Enron exit levels. Conversely, price dispersion had returned to its pre-exit levels by
mid-December of 2001 and has remained at that level since. The behavior of the relative range
data is consistent with the prediction of Proposition 4, dispersion increases during the transition
period immediately following exit of the market maker. The data are also consistent with the
prediction of Proposition 5 that if the amount of trade flowing through market makers was roughly
the same following the transition period as compared to the pre-Enron collapse level then price
dispersion in the post-transition period should be similar to price dispersion during the pre-exit
period. The trade level condition is supported by the data presented in Table 1. While Figure 2 is
very suggestive, we now turn to formal statistical tests of the null hypothesis that dispersion was

equal during the pre-exit, transition and post-transition subperiods.

5.2 Statistical Tests for Shifts in Price Dispersion

We divide the total sample period into three subperiods: Sample period 1: 1/2/2001 thru 11/15/2001
(Pre-Enron Exit); Sample period 2: 11/16/2001 thru 12/10/2001 (Transition Period); Sample
period 3: 12/11/2001 thru 5/24/2002 (Post-Transition Period). Table 2 presents statistical tests of
the null hypothesis that the mean relative range statistics are equal across pairs of subperiods. Panel
A presents the sample period means and variances of the relative price range, Rg, by subperiod. The
point estimates of the mean relative price ranges clearly indicate an increase in the mean occurred
during the Transition Period. The mean during the Pre-Enron Exit period is 0.0552 while the mean
during the Transition Period is .2190. Assuming unequal variances, as confirmed by the test results

presented in Panel B, the t-statistic for an equality of means test equals -6.653. Likewise the mean
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during the Post-Transition Period is equal to .0551. The mean during the Pre-Enron Exit Period
is not significantly different from the mean during the Post-Transition Period (t-statistic: 0.036),
while the mean during the Transition Period is significantly different from the Post-Transition
Period (t-statistic: 6.667). These results are consistent with the predictions of Propositions 4 and
5 and support the visual evidence presented in Figure 2.

We also estimated a linear model of the relative range statistic ratio in which we allow for
autoregressive behavior as well as day-of-the-week effects and report the results in Table 3. Two
dummy variables are introduced to test the propositions that dispersion increased during the
Transition Period and fell back to its Pre-Enron Exit level following the Transition Period. Specifically,
D1 takes the value 1 during the period 11/16/2001 to 12/10/2001 and 0 otherwise, and, D2 takes

the value 1 during the period following 12/10/2001. The model estimated is given by

Rg; = By + B1Rgt—1 + Bo D1y + B3D2¢ + BTy + BsWi + BgThs + B Fy + ¢4 (29)

where Rg; is the relative price range, T; takes the value 1 if day ¢ is a Tuesday and 0 otherwise,
and corresponding dummies are identified for W (Wednesday), T'h (Thursday) and F' (Friday).
We estimate the model using the total time series spanning the period 1/2/2001-5/24/2002. The
estimated coefficients for the model are reported in Table 3. The results are consistent with what
has heretofore been suggested. The prediction from Proposition 4 is that 8, should be positive
and significantly different from 0. The point estimate of (8, is 11.894 (t-statistic: 4.29).% The
prediction from Proposition 5 is that 3 should not be significantly different from zero if following
the Transition Period the trade volume served by market makers settles back to its Pre-Enron Exit
level. The point estimate of G5 is -0.003 (t-statistic: -.010). The results reported in Table 3 show
that the results reported in Table 2 are not sensitive to the allowance for autoregressive behavior
or day-of-the-week effects.

Table 4 reports a final set of tests. It is possible that the spike in dispersion is due to a shift

9 Coefficient estimates reported in Tables 3 and 4 are actual values times 10%. The t-statistics reported in Table
3 are based upon standard errors corrected for heteroscedasticity and autocorrelation of the disturbances following
Newey and West (1987).
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in net demand factors unrelated to the exit of Enron from the market. We test this proposition
by introducing supply and demand factors known to be important determinants of the behavior of
natural gas prices. The first factor we introduce is news about the change in the supply of natural
gas in storage. Natural gas is a storable commodity and storage is used to carry forward gas to
satisfy future demand. During the period of time we study the American Gas Association compiled
and distributed a weekly report on the amount of natural gas in storage in North America. In
addition, during this period Bloomberg compiled and reported consensus forecasts of the amount of
gas expected to be reported in storage. We define two variables, the first, P.S, equals the difference
between the AGA storage report of gas in storage and the forecast of gas in storage reported by
Bloomberg, whenever the difference is greater than 4 Bef.! We define a corresponding variable,
NS, as the negative storage shock, which equals the difference as defined above whenever the AGA
report is 4 Bef less than the Bloomberg forecast. The second factor introduced reflects the demand
side which is proxied by the use of weather related variables. The natural gas price data we examine
are for the Henry Hub. There are 13 major cities serviced by gas pipelines that are interconnected
through the Henry Hub.!! We compute a weather index based upon daily temperatures observed
at each of these cities.’> We compute two measures, CDD and HDD, where CDD represents
difference between the temperature for the day and the 30-year average temperature, whenever
the actual temperature is greater than 60° F, and HDD is the corresponding difference whenever
the actual temperature is less than 60° F. Therefore these variables measure unusual temperature
variation and hence unusual demand. The sign of the coefficient 8,5 is positive and the point
estimate equals 12.443 (t-statistic: 3.78). The point estimate of S5 is 0.028 (t-statistic: 0.10).
The interpretation of the results reported in Table 4 is therefore the same as our interpretation
of the results reported in Table 3. We conclude from the statistical tests that the behavior of
natural gas spot prices during the period prior to Enron’s exit from the natural gas market through

and after the market’s transition to a new configuration of intermediaries is consistent with the

10Bcf: billion cubic feet.

"Dallas, BatonRouge, Chicago, Phoenix, Los Angeles, Atlanta, Saint Louis, New York, Philadelphia, Little Rock,
Oklahoma City, Denver and Cleveland.

12These data are obtained from numerous regional offices of the national weather service or from the relevant
offices of the states in which the cities are located.
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predictions of the theory developed in this study.

6 Conclusions

Neoclassical economics leaves open the question of how actual markets attain equilibrium prices.
The theory of intermediation and the microstructure of markets developed by Spulber (1996, 1999)
and Rust and Hall (2003), amongst others, has made significant progress in addressing this question
in markets served by middlemen and a monopoly market maker. We observe however that many
markets are served by multiple market makers and these market makers have significant market
power even in homogeneous product markets. An extension of the models of Spulber and Rust and
Hall is required to accommodate this market feature. We fill this gap in the literature by developing
a market microstructure model in which oligopolistic competition among market makers coexists
with an active search market populated by middlemen. Market makers’ intermediation behavior
is decomposed into a two-stage process: capacity setting in the first stage and bid and ask price
setting in the second stage. It is shown that the two-stage competition among market makers is
equivalent to Cournot competition when the capacity cost is sufficiently large.

Our theory has much to say about homogeneous product markets where capacity choice plays
an important role. The North American natural gas market is such a market and provides an
ideal setting to test the implications of our theory. The exit of Enron, the largest market maker
in the North American natural gas market, in late 2001, provides an unique opportunity for us
to examine the effect of a change in market structure on prices, through the exit of a market
maker, and in particular the dispersion of prices. Our model predicts price dispersion will increase
temporarily following a market maker’s exit and then settle back to at or near the level it held prior
to the market maker’s exist if trade volume handled by all market makers is restored to its pre-exit
level. The empirical evidence supports the main propositions of our theory: Natural gas spot price
dispersion jumped 4-fold immediately following Enron’s exit at the end of 2001 but returned to
its pre-exit level within roughly 2 months following the exit date, with trade volume of all market

makers first falling and then recovering to its pre-exit level.
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Our focus is on how online market structure influences offline price dispersion. Our model fits
the North American natural gas market. Specifically our model describes markets in which online
price setting results in a common set of prices across market makers so price dispersion arises from
the offline search market. An alternative view on the source of price dispersion has been proposed
by Baye and Morgan (2001, 2004). In their model firms which list their prices on a monopoly
market maker’s screen choose mixed strategies. A distinguishing feature of our model and one
which characterizes the market we use as the basis for our empirical examination, is that market
makers in our setting are capacity constrained. If the capacity cost is small, market makers in our
model may indeed choose a mixed strategy as well. Therefore, both online dispersion and offline
dispersion may contribute to overall price dispersion. We leave an investigation of this extension

to future research.
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FIGURE 1: The Behavior of Bid and Ask Prices.The figure illustrates the behavior of
the reservation price curves for the ask price p and the bid price w in the presence of
middlemen only (the benchmark case) and in the presence of middlemen and oligopolistic
market makers. Please see Table A1l for descriptions of the notation used in the figure.
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FIGURE 2: Spot Natural Gas Price Dispersion. Plot of the relative range of daily
natural gas spot prices recorded at the Henry Hub for the period 05/01/2001 through
05/24/2002. The Relative Price Range is defined as Rg; = (Daily High Price - Daily Low
Price)/Daily Midpoint Price. We approximate the Daily Midpoint Price with the average of
the High and Low prices for the day. The spot natural gas price data were obtained from
Platts (http://www.platts.com).
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TABLE 1
North American Natural Gas Marketers
by Wholesale Physical Volumes Sold
3rd and 4th Quarters 2001 and 3rd Quarter 2002.!

(Bef/day)
Company 3rd Q 2001 4th Q 2001 3rd Q 2002
Enron? 26.7 0 0
Mirant 13.1 15.6 22.1
AEP 14.5 13.6 18.1
Duke Energy NA 12.4 12.2 16.3
BP 12.3 12.6 15.3
El Paso Merchant 7.3 9.5 12.4
Aquila 12.3 15.0 11.9
Sempra 10.2 na 10.8
Reliant 9.6 12.6 9.8
Shell (Coral) 9.1 94 8.8
Dynegy 11 11.3 8.5
PG&E NEG 5.1 na 5.9
ConocoPhillips 4 9.3 5.7
Cinergy na na 3.8
Williams 3.7 na 3.8
ExxonMobil 3.5 na 3.4
Amerada Hess na na 3.0
Nexen na na 3.0
Tenaska, 2.8 na 2.8
EnCana na na 2.7
Oneok 2.5 na 2.6
Western Gas Resources 2.1 na 2
Anadarko 1.6 na 1.4
Entergy-Koch Trading 1.6 na 1.3
Top 10 Marketers Total 131.2 121.1 134

'Source: Platts Gas Daily, Vol. 19, Nos. 40 (February 28, 2002) and 234 (December 6, 2002). Bcf/day: Billions
of cubic feet per day.

?Enron effectively stopped wholesale trading of natural gas shortly before filing for bankruptcy on December 2,
2001.
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TABLE 2
Henry Hub Relative Spot Price Range Statistics
Mean and Variance By Subperiod!

A. Mean and variance of price range
Sample Period
1 2 3
Mean 0.0552 0.2190 0.0551
Variance 0.00098 0.00897 0.00029

B. Tests of equality of variance

Comparisons
1v. 2 1v.3 2v. 3
F-stat 9.167 3.330 30.530
F-Critical 1.737 1.324 1.783

C. Tests of equality of means assuming unequal variances

Comparisons
1v. 2 1v.3 2v. 3
t-stat -6.653 0.036 6.667
t-Critical -2.145 1.967 2.145

'Sample period 1: 1/2/2001-11/15/2001 (pre-transition period); Sample period 2: 11/16/2001-12/10/2001
(transition period); Sample period 3: 12/11/2001-5/24/2002 (post-transition period). The Relative Price Range
is defined as Rg = (Daily High Price - Daily Low Price)/Daily Midpoint Price. We approximate the Daily Midpoint
Price with the average of the High and Low prices for the day. The spot natural gas price data were obtained from
Platts (http://www.platts.com).
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Table 3
Regression Analysis: Henry Hub Relative Spot Price Range

Model: Rgi = Bg + 1 Rgi—1 + BoD1y + B3 D2y + BTt + BsWi + BT he + B Fy + ¢

Where Rg; is the relative price range defined as (Daily High Price-Daily Low Price)/Daily Midpoint Price!
D1 takes the value 1 during the period 11/16/2001 to 12/10/2001 and 0 otherwise (the transition period)
D2 takes the value 1 during the period following 12/10/2001 (the post-transition period)
Weekday dummies include: T, Tuesday; W, Wednesday; Th, Thursday; F, Friday?

Parameter Bo B1 Ba B3 By Bs Be Br

Estimates (z10%)  3.465 28.068 11.894 -0.003 0.537 0.085 0.511 1.156

t-statistics 4.74* 2.00* 4.29%** -0.010 1.35 0.19 1.47 2.14*

"We approximate the Daily Midpoint Price with the average of the High and Low prices for the day. The spot natural gas price
data were obtained from Platts, (http://www.platts.com). The t-statistics reported in Table 3 are based upon standard errors corrected
for heteroscedasticity and autocorrelation of the disturbances following Newey and West (1987).

Ze %% p <.001; #%.001 < p <.01; % .01 < p < .05
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Table 4
Regression Analysis: Henry Hub Relative Spot Price Range

Model: Rge = Bg + B1Rgi—1 + BaD1l¢ + B3 D2y + BT + Bs Wy + BeThe + B Fy + BgPSy + BgPSi—1
+810NS: + By NSi—1 + B1sACDDi 16 + B1aACDD; + B, AHDDi v + B, AHD Dy + =
Where Rg; is the relative price range defined as (Daily High Price-Daily Low Price)/Daily Midpoint Price!
D1 takes the value 1 during the period 11/16/2001 to 12/10/2001 and 0 otherwise (the transition period)
D2 takes the value 1 during the period following 12/10/2001 (the post-transition period)?

Parameter Bo By Ba B3 B4 Bs Bg Bz Bs Bo Bio B3 Bio Bis Bia Bis

Estimates (1102) 3.774 23.447 12.443 0.028 0.514  0.181 0.506 1.232  -0.615 -1.032  0.510 1.115  -0.011

-0.107  -0.040  0.037

t-statistics 4.43*** 1.42 3.78*"* 0.10 1.24 0.32 1.04 1.94 -1.13 -1.43 1.01 1.97 -0.19 -1.96 -0.83 0.79

"We approximate the Daily Midpoint Price with the average of the High and Low prices for the day. The spot natural gas price
data were obtained from Platts, (http://www.platts.com). The t-statistics reported in Table 4 are based upon standard errors corrected
for heteroscedasticity and autocorrelation of the disturbances following Newey and West (1987).

2y % % p <.001; %+.001 < p <.01; .01 < p < .05

Weekday dummies include: T', Tuesday; W, Wednesday; Th, Thursday; F', Friday.

PS: Positive storage announcement shock: Aga storage report is greater than the Bloomberg estimate by more than 4 Bef.

NS: Negative storage announcement shock: AGA <Bloomberg by more than 4 Becf.

ACDD(AHDD): The difference between the actual temperature and the 30-year normal temperature

{1} or {-6}: positive indicates lag and negative number is lead. E.g., {-6} is the proxy for the 6-day ahead weather forecast.

The quantities of natural gas in storage are from the weekly natural gas storage surveys collected and reported by the American Gas
Association.

The weather variable is a composite variable comprised of temperatures for the following cities: Dallas, BatonRouge, Chicago, Phoenix, Los
Angeles, Atlanta, Saint Louis, New York, Philadelphia, Little Rock, Oklahoma City, Denver and Cleveland.
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Table A1l
Notation Used in the Main Text

Variable Symbol Definition

[v, D] Distribution of willingness to pay levels for the population of consumers

A€ (0,1) Probability that a consumer or producer will exit the market in period t

re (V) Reservation price for consumer v in the market with middlemen but no market makers

p Time discount rate per period

1) The exit-adjusted discount rate per period

F (p) Equilibrium distribution of ask prices offered by middlemen in the market with no market makers
N Number of middlemen in the market with middlemen but no market makers

e, ] Distribution of production cost levels for the population of producers

G (w) Equilibrium distribution of bid prices offered by middlemen in the market with no market makers
rp (€) Reservation price for producer c in the market with middlemen but no market makers

D (p) Expected discounted value of the stream of demands per middleman

S (w) Expected discounted supply per middleman

Te Highest reservation value of consumers in the market with middlemen but no market makers

Tp Lowest reservation value of producers in the market with middlemen but no market makers

[E,ﬂ Distribution of transaction cost levels of middlemen in the market with no market makers

k* Zero profit transaction cost for a middleman in the market with no market makers (solves 7 (p, w, k) = 0)
[ ,ﬁ] Equilibrium distribution of ask prices in the market with middlemen by no market makers

[@, w| Equilibrium distribution of bid prices in the market with middlemen by no market makers
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Table A1l
Notation Used in the Main Text
(continued)

Variable Symbol

Definition

M

Number of market makers in the market with middlemen and market makers

3

The ask price offered by market makers in the market with middlemen and market makers

The lowest ask price of middlemen in the market with middlemen and market makers

hST ST bS]

The highest ask price of middlemen in the market with middlemen and market makers

The value of the marginal consumer with reservation price p™

The bid price offered by market makers in the market with middlemen and market makers

The lowest bid price of middlemen in the market with middlemen and market makers

The highest bid price of middlemen in the market with middlemen and market makers

The value of the marginal producer with reservation price w™

The intercept of market demand faced by market makers in the market with middlemen and market makers
ay The slope of market demand faced by market makers in the market with middlemen and market makers
as The intercept of market supply faced by market makers in the market with middlemen and market makers
ay The slope of market supply faced by market makers in the market with middlemen and market makers
t; The transaction cost per unit of market maker j
q; The quantity traded by market maker j
qj Optimal Cournot quantity of market maker j
Q™ The total quantity traded by market makers
k* The highest transaction cost of active middleman in the market with middlemen and market makers
N The number of middlemen in the market with middlemen and market makers
oL The highest ask price of newly entered middlemen during the transition period
QT The lowest ask price of newly entered middlemen during the transition period
Te The reservation price of the consumer with the highest value ¥ during the transition period
wT The lowest bid price of newly entered middlemen during the transition period

38





