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There has been a great deal of policy discussion about the extent to which prices of low-sulfur
western coal have been inflated over costs. Railroads serving the Powder River basin and the
states of Wyoming and Montana, through their severance taxes, have been accused of extracting
monopoly rent from the market for cheap low-sulfur western coal. The question posed in this
paper is who has market power? And if more than one party possesses power (as is likely) what
is the relative power of participants in the market? To measure power in this market, we
propose a new metric. We set up the market as a four-person game involving the states of
Wyoming and Montana and the two railroads serving the Powder River Basin - the Burlington
Northern and the Chicago and Northwestern. We then compute the Shapley values for this
game and normalize them by potential industry revenue. We call this measure the Lerner-
Shapley index and demonstrate that it has several desirable characteristics as a conduct-
endogenous measure of market power. One conclusion of the paper is that the railroad serving
Wyoming has more power than the other actors in the market.

1. Introduction

With the passage of the 1970 Clean Air Act, a significant shift in coal
demand occurred in the U.S., away from high-sulfur coal, found mostly in
the cast and midwest, and to low-sulfur coal. Although low-sulfur coal exists
in many parts of the country, particularly rich deposits (in the sense of low
production costs) are found in the northwestern Great Plains, in the Powder
River basin of Montana and Wyoming. Production in the area has grown
from close to nothing in 1970 to over a sixth of U.S. production in 1987.

Although there are many coal producers in this region of the country,
states and railroads seem to have considerable market power, at least on the
basis of concentration or ability to coordinate producers. The two states
(Montana and Wyoming) have significant severance taxes on coal (16-30°;
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of value). Two railroads (until recently, only one) serve the coal deposits in
question. It is frequently charged that rail tariffs out of the Powder River
basin are in excess of competitive levels, although this is difficult to prove.

The purpose of this paper is to measure both the absolute and relative
market power of the participants in this coal market. Certainly market
structure suggests that power exists. But guestions remain concerning the
magnitude of the power and how it is distributed among the four partici-
pants in the market (two states and two transport links). Other papers [Alt
et al. (1983), Koistad and Wolak (1983, 1985)] have explored the issue of the
taxation power of the states. In this paper we extend the question to include
railroads and focus less on aggregate market power of the group and focus
on the division of power among the four participants in this market.

As a measure of market power, we propose Shapley values normalized by
potential industry revenues. If the market is represented as a non-cooperative
game with or without collusion, the Shapley value for a player in the game
indicates the incremental contribution the player makes to all coalitions it
could join. Hence, the higher the Shapley value for an agent, the larger its
absolute and relative potential for exercising market power. Besides provid-
ing a rigorous measure of relative market power, an advantage of this
measure over others that have been suggested is that the computation of
Shapley values requires no information on market conduct or performance.
In that sense, this methodology provides a more robust measure of market
power in comparison to other indices.

The remainder of the paper proceeds as follows. In the next section we
discuss background information on the western coal market, giving a policy
context for the remainder of our paper. In section 3 we discuss the use of
Shapley values to measure market power. In section 4 we present a game-
theorctic model of imperfect competition in the western coal market. In
scction 5 we present our empirical results. The paper closes with policy
implications. '

2. The Western coal market

In recent years there has been tremendous growth in coal production in
the Western U.S,, particularly in the states of Montana and Wyoming. Large
oil and gas price increases and the stagnation of the nuclear power industry
have increased the overall demand for coal in the U.S. This trend has been
moderated recently by the drop in oil prices and the glut in the gas market.
Increased environmental consciousness (for example, over acid rain) has
forced coal users away from high-sulfur midwestern coal to low-sulfur
western coal.

Both Montana and Wyoming possess vast reserves of by far the cheapest
domestically productive coal. Consequently, high levels of production from
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both states can be sustained for long periods of time without appreciable
depletion effects. Currently there are two railroads serving the Montana and
Wyoming coal basins, the Chicago and Northwestern and the Burlington
Northern. The combination of rapidly increasing demand for very low-cost,
low-sulfur coal in the midwest has apparently endowed these two states and
railroads with considerable market power. Other western states possess low-
sulfur coal but market conditions are such that they tend to serve local, or at
best, regional, markets.

Because Montana and Wyoming export almost all of their coal out of the
west, primarily to the midwest, severance taxes' are an excellent way for
these states to collect rents from coal production with little burden on
residents of the state. However, because the major demand centers for this
type of coal are so distant, transport costs account for a significant portion
of the delivered price of coal. With rail the only viable mode of transport for
coal from these states, railroads could enter the rent capturing game through
manipulation of rates. The passage of the Staggers Act of 1980, which
exempts from regulation all rail transport rates below a critical percentage of
unit variable costs while subjecting rates above the critical ratio to a test of
reasonableness, has released much of the regulatory constraints on the
railroads in their attempt to exercise market power [Levin (1981)]. Conse-
quently, the railroads scem to have the legal freedom to set rates in
competition with states to capture the rent from goods they transport.

Most previous studics of this market have focused almost exclusively on
the rent capturing ability of either the producing regions or the modes of
transport. Recent work by Mutti and Morgan (1983) gives an analysis of the
competition for rents between Wyoming and the railroad scrving its pro-
duccrs. However, this study ignores the high degree of substitutability, in the
long run, between Montana and Wyoming coal and thus assumes the actions
of Montana and its railroad have no effect on Wyoming's level of coal
production. Other studics acknowledge that both the states and railroads
posscss market power but have chosen to focus on one of the two groups in
the analysis. Zimmerman's (1979) analysis of the rent capturing ability of the
railroads serving the Western U.S. coal market indicates that railroads have
had some success in exercising their market power through higher transport
tarifis and should have greater success in the future.

In a recent article, Atkinson and Kerkvliet (1986) look at the power of the
railroads, producers and states in the Wyoming coal market. They attempt
to mecasure the fraction of the rents (Ricardian or monopoly) accruing to the
Wyoming producers, Wyoming state, Wyoming railroad and consumers of
Wyoming coal. They find that consumers capture half the available rent with

"Montana's tax rate (including county taxes) on surface mined coal is 33 percent of value at
the mine; Wyoming's tax rate is 17 percent [Blackstone (1983)]. Recently, in response to a sofl
coial market, Montana reduced its rates by a third for new contract sales.
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the bulk of the remaining rent split between the producers and the railroad.
Their analysis sheds light on a number of important issues including the
effect of rail deregulation. The disadvantage of their model relative to the one
presented here is that it defines the difference between observed price and
estimated cost as rent, without letting rents be derived from an underlying
model of producer and consumer behavior.

Two studies have dealt with the market power of the states in the Western
U.S. coal market [Alt et al. (1983), Kolstad and Wolak (1985)]. Both studies
addressed the issue of the gains to the western states from the formation of a
western coal cartel. The second study also examined the effect on the market
equilibrium of different types of competition between states in severance tax
setting. \

3. Measuring market power

The basic problem an analyst faces in understanding the western coal
market is that there are several dominant actors in the market, each with
~ potential market power. Is market power being exercised? Not surprisingly,
the participants say no. It is true that there is no obvious collusion or other
restraint of trade. But are there other, less obvious means these participants
are using to exercise market power? _

One approach to answering this question is to measure the power of the
participants in the market, separating each participant’s endowment of power
(bestowed by the basic conditions of the market) from their exercise of that
power because possessing power is necessary but not sufficient to exercise
power. Also, knowledge that a participant possesses a large amount of
potential market power will provide the impetus to look closely for more
subtle ways that it can exercise market power.

The approach of this paper is to measure the endowment of power among
the participants in the market as opposed to realized market power using a
game-theoretic, market conduct independent, measure of the relative power
of participants in a game: the Shapley value.

In order to understand this use of the Shapley value, in the next section
we briefly discuss the general literature on indices of market power,
particularly the Lerner index. We then briefly develop the Shapley-Lerner
index.

3.1. Lerner and concentration indices

Conceptually, it is difficult to fault the Lerner index as an ex post measure
of market power. The firm-level Lerner index is simply the proportion of firm
receipts that are monopoly rents or, as defined by Lerner (1934), the rclative
extent that prices exceed marginal cost: o
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Aiz(P—mCi)Qi, (1a)
Pq;
i) (1b)
P

where ¢; is output of firm i, p is product price and mc; is marginal cost of
firm i In a static model, a positive firm-level Lerner index is de facto
evidence of the exercise of monopoly power.

Regardless of concentration or other indicators of monopoly, if in the long
run a firm sells at prices above competitive levels, then market power is
being exercised.

As attractive as the Lerner index is, concentration ratios are more
frequently used as indices of market power? The Lerner index is
information-intensive, requiring information on firm-level marginal costs,
actual output, price and market share; ie., information of basic market
conditions, market structure and market performance. Frequently, such data
are not completely available, particularly basic market conditions and
performance. The virtue of concentration ratios is that they are relatively
easy to measure using census or tax data. The problem with concentration
measures is that they are at best only approximate indicators of market
power; a high concentration index is neither necessary nor sufficient for the
excrcise of monopoly power and a low index does not necessarily indicate an
absence of monopoly rents.?

Structure (concentration) indices are useful only to the extent that they
imply power (Lerner) indices; i.c., they are a means to an end. A number of
rccent papers have attempted to bridge the gap between structure indices and
power indices by focusing on how structure determines power, showing
under what conditions the two indices are in 1-1 correspondence.*

>The n-lirm (frequently four-firm) concentration ratio indicates the proportion of the market
captured by the n largest firms. The Herfindahl index is the sum of squared market shares for all
firms in an industry, with larger firms contributing relatively more to the index, a desirable
characteristic for a concentration index [see Encaoua and Jacquemin (1980) and Hause (1977)
for discussions of desirable characteristics for a concentration index].

}For instance, as pointed out by Lerner and others, a single firm with 100 of the market has
no market power if demand is perfectly elastic. Similarly, an industry with a low concentration
index can capture rents if formal or informal cooperation or coordination exists, either through
agreement or coordinating agents such as government or trade associations. Knowledge of
market structure alone is not suflicient to predict market performance qualitatively or
quantitatively.

4In essence, most of this work has assumed a model of market conduct. ¥For example, in a
seminal paper, Saving (1970) derived a relationship between concentration ratios and the Lerner
index within the context of the price leadership or monopoly with a competitive fringe model. In
these models, conduct and structure information are sufficient to predict performan(.e and thus
power. In contrast, we propose an alternate index to predict power, involving a minimum of
knowledge of either structure or conduct.
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This line of work suggests that there is a clear need for a measure of
market power which requires little or no information on market conduct and
performance. Recent applications of game theory to power measures moved
in this direction but still made significant assumptions about market conduct:
non-cooperative Cournot-Nash behavior [Encaoua and Jacquemin (1980)],
non-cooperative  reaction function  behavior [Cowling  (1976),
Donsimoni et al. (1984)] or critical concentration ratio models [d’Aspremont
and Jacquemin (1985)]. |

3.2. Shapley-Lerner indices

In this section we develop an alternate measure of market power, a
measure focusing on assessing the endowment of power in a market. Clearly,
this definition of market power is different in spirit than that discussed by
Lerner. However, for many markets this definition of market power is more
relevant because of the many different ways the power possessed by a
participant can manifest itself. If we view the market as an n-person game
then game-theoretic measures of relative power in an n-person game can be
translated into a measure of market power. The notion of power in an n-
person game that we adopt is that of a Shapley value.

Measuring power in a game distinct from the outcome of the game is a
difficult task. The actual outcome of a non-cooperative game is a priori
indcterminant, in most cascs, because the core of the game may contain more
than a single point and the observed outcome may be solely a function of an
aggressive first move on the part of one player. Consequently, assessing
market power based on this single outcome as is donc by conventional
indiccs may lead to scrious biases in assessing the endowment of market
power of cach participant. The Shapley value addresses this issue by asking if
participants in a game were to collude, how much of a contribution, on the
average, would cach player make to each colluding coalition it joins? The
average contribution a player makes to all the coalitions it could join is a
reasonable proxy for its power in the game independent of whether collusion
actually takes place. In addition, using this average contribution as a measurc
of market power should ameliorate the possibility of serious mismeasurement
of the endowment of power, as can occur when the power measure is based
on a single outcome from a non-cooperative game, as is the case for the
Lerner index.

The notion of a Shapley value as a measure of relative power is even more
appropriate in a market context. Even though open collusion may not take
place, a myriad of other means can be used to coordinate players. Conse-
quently, a reasonable assumption for our development is that if a firm has
market power, it will exercise it if it is not legally constrained. In other
words, if open collusion is precluded, that does not negate the power but
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only causes it to manifest in different ways. Therefore, even without any sort
of explicit collusion, the Shapley value still makes sense as a measure of
relative market power.

This measure of market power provides useful information in cases where
the Lerner index is not computable. Because virtually no information is
required about market conduct in order to construct our measure of market
power, it can be used to assess the potential market power of participants in
regulated markets or markets that do not yet exist. For instance, in a
regulated market, given individual firm costs and market demand, the index
we propose could be calculated.

The information embodied in the index would be very useful to regulators
in deciding whether or not to deregulate the market and if so in what kind of
fashion. This measure could also be used to predict the market conduct of
firms in the market for a new product. Within the political context, Shapley
and Shubik (1954) discuss the use of Shapley values as a way to assess the
re-distribution of political power resulting from re-designing the size or type
of a legislative body in a government. Because the Lerner index requires
knowledge of actual market conduct, it is not available for use in these
instances. In instances when both are available, it provides a measure of
endowed market power to be contrasted with the market-conduct-specific
Lerner index of actual market power.

The only information necessary to compute Shapley values is basic market
conditions: costs and demands. While these may not always be easily
obtaincd, they can often be estimated econometrically or from engineering
data and in any cvent are much easier to measure than market conduct. In
this sense we can say that the Shapley value index is a market-conduct-
robust measurc of markct power. A discussion of the computation of the
Shapley values is contained in the appendix.

To bridge the gap between Shapley values and Lerner indices, we
normalize Shapley values by potential market revenues to produce the
Shapley-Lerner index. Because of the averaging process used to compute
cach participant’s Shapley value, the sum of the individual Shapley values is
cqual to the total profits from a cartel composed of all players. Because of
this property, the natural definition of potential industry reccipts for our
purposes arc those associated with a cartel composed of all participants.

Define the Shapley-Lerner index for firm i as the ratio of the assumed
monopoly rent (Shapley value) for firm i to the firm's share of potential
industry reccipts:

¢

= Tin (2)

where T is industry revenue associated with a cartel of all participants
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(potential industry receipts) and # is the number of firms in the industry. In a
conventional Lerner index, the denominator of eq. (2) would be firm sales.
However, with a perfect cartel, firm-level sales are not meaningful; some firms
may produce nothing but just by withholding output contribute significantly
to cartel profits. The industry-level Shapley-Lerner index can be any
aggregating function of the individual Shapley-Lerner indices. A natural
candidate is the mean value of the firm-level indices taken over all firms:

=Z—;—fﬁ—‘. (3)

The above index is the ratio of potential industry monopoly rents to
potential industry sales. .

What is the significance of the firm-level and industry-level Shapley-Lerner
indices? In most actual markets, we may not know the actual conduct of
firms. For the purposes of anti-trust or other regulatory scrutiny, it is
extremely valuable to know the relative market power of firms in a market.
If firms have potential power, it is highly likely they will be ingenious in
devising a way to exercise that power, Thus even if power does not appear to
be exercised, there may be a variety of tacit or formal arrangements which
result in the extraction of monopoly rents. Conversely, if there is not
potential for power, then it certainly will not exist in actuality. In this way
the Shapley-Lerner indices provide a useful measure for gauging the power
possessed by individual firms in a market, which may or may not be distinct
from actual amount of power exercised in the market.

4. An oligopoly model of the coal market

The purpose of this part of the paper is to introduce our model of price
setting in the Montana-Wyoming coal market. A model of price formation is
necessary to obtain the profit functions used to compute the Shapley-Lerner
measures of market power discussed in the previous section.

To this end we first develop a general model of price setting in a spatial
coal market. Our goal is to determine price levels and output as a function
of conduct and basic market conditions. We then apply this model to the
western coal market, using data on supply, demand and transport costs in
that market.

4.1. The model

The general setting we will consider is that of several states selling a
homogeneous good to a single demand center. Each state is connected to the
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demand center by a single transport link. Thus our model is a stylized
version of the Western U.S. coal market. Because there are many individual
producers within a state, producer output will be priced at marginal cost;
thus all the producers within a state can be aggregated into a single supply
schedule. There are also many transport links serving the many regions of
the country purchasing western coal. On the supply side, the Burlington
Northern railroad serves both Montana and Wyoming and the Chicago and
Northwestern railroad serves Wyoming only. However, we believe that by
abstracting to the case of a single demand center and separate transport
links for each state we keep our problem computationally tractable yet still
preserve the salient features of the competition between states and railroads
in the Western U.S. coal market. Each state and transporter has as an
objective to maximize tax revenue and profits, respectively. '

The standard approach to competition among a small number of agents is
to utilize a Cournot-Nash quantity based equilibrium concept. This
approach has been used to analyze oligopoly behavior in the world oil
market [e.g., Salant (1976)]. We propose to use a modification of this
approach for our analysis. Instead of using quantity as the player’s decision
variable, we propose more relevant decision variables for each participant.

For states, we have chosen markup over marginal cost as the appropriate
decision variable. Although there is extensive empirical evidence [see Scherer
(1980)] that many firms pricc in this manner, the basic reason is that a
scverance tax on coal is basically a markup on the price of coal net of tax.
Further support for this decision variable may be found in Kolstad and
Wolak (1983)

For transporters, we have chosen the unit transport price ($ per unit
shipped) as the appropriate decision variable. This seems to be a more
intuitively appealing decision variable than quantity shipped since trans-
porters gencrally offer a price and then ship whatever shippers desire, at that
price.

Bearing in mind this gencral setting, we now introduce the model in
mathematical notation. We represent the marginal cost function for state i as
Siq:), where ¢; is that statc’s output. The inverse demand function for output
at the demand center is P} ;¢,). The markup and transport price per unit
transported from statc i arc t; and t,, respectively. The avcrage cost of
transport from state { to the demand center is C(g,).*

The cquilibrium condition is that the price at which states and trans-
porters offer coal equals the price consumers are willing to pay:

*Transport costs are assumed to be a function of quantity shipped in order to reflect source
competition. In a more complex spatial market, if increased prices reduce the quantity shipped,
then distant markets will be lost first, lowering the average shipment costs. This phenomenon
can be embodied in our simple model by making average transport costs a function of quantity
shipped.
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(1+ti)si(Qc‘)+rl'=P(ZQj) Vi. (4)

Here the marginal cost of the coal from state i, increased by the tax rate and
transport price must equal the demand price. The two equilibrium conditions
(4) can be solved for g; as a function of taxes and transport costs to yield

qi(tm’ tw’ Tma tw) i=m, W, : (5)

If tax rates or tariffs change, the total derivative of this equation defines the
corresponding shift in the market equilibrium:

0q; 0q
de +—dt, +—
mt at, " + Ot

dq,
ot,,

dq;

vi
. dr,, Vi (6)

dqi= d‘tm+

1. Payoff functions. Because we will deal with numerous market structures
in the calculation of the Shapley value, we will first specify the payoff for
each individual player in the rent capturing game, For any coalition the
payolff to the coalition is just the sum of the individual payoffs for each
member,

For cach state, we assume their payoff is tax revenue:

T=tS44)q; v, (7a)
For the transport links we assume their payoff is profit,
=14 —Clq)q; Vi , (7b)

2. Pure non-cooperative equilibrium. We outline the general methodology
for the computation of a non-cooperative equilibrium for the casc of no
coalition formation among players and with all players attempting (o
exercisc market power - the Nash solution to this non-cooperative gamec.

In this case, each state sets its markup to maximmize profits. This results
in the following first-order condition for all producers (assuming an interior
solution):

(”;— ’ . df{i__ . '
dr, = 494+ LSH4ddi + 544,)] =0 v (8a)

Each transporter sets its transport price to maximize profits. This yiclds the
following first-order condition:
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dr, da: dg; ,
—_—=. ,— — Y . Ry L V : b
dr, =4t Ty ~ [Cladai+ Clal] 0 0 Vi (8b)

Assuming there are two states and two transport links, the four equations (8)
can be solved to yield the market equilibrium tax rates and transport prices.
In solving these equations, one makes use of the equilibrium condition (4).
To compute dq;/dt; and dg;/dt;, eq. (6) and the standard Nash conditions
that dt;/dt;=dr,/dt;=0, Vi, j, i#j and dt,/d;=dr,/de;, Vi, j.

The first-order conditions [eq. (8)], once they are reduced to functions of
the tax rates and transport prices, constitute a set of reaction functions for
the players, written in implicit form. If each of these first-order conditions is
solved for that player’s decision variable, then the reaction function gives
that player’s optimal response to the level of its opponent’s decision
variables. By definition, a Nash equilibrium is obtained by the simuitaneous
solution of these reaction functions for the equilibrium tax rates and
transport prices.

3. Codlition formation. For the computation of market equilibria with
coalition formation (necessary to construct the Shapley value) we use this
same procedure. A coalition is treated as a single player with its payoffl the
sum of its individual members’ payoffs. This ‘single player' also has as many
decision variables as it has members, The expressions for dg,/dt; and dg,/dt;
(Vi,j) calculated from eq. (6) arc used in an analogous fashion to compute
market cquilibria with coalitions.®

4.2. Application to the coal market

We assume that the marginal cost, average transport cost and demand
functions described in the previous section are linear. This is done principally
for rcasons of tractability but also for want of a better functional form to fit
the data. The computation of the various market equilibria requires tedious

numerical methods even for these functional forms. The specific functional

forms arc
Pi=(1+t)a; + flq;) + ¢, i=m,w, (9a)

Py=ag+bylqn+q.)+ 4, (9b)

fOther market equilibria, not necessary for the computation of the Shapley value. are
caleulated. These can be classified into two groups: those with average cost pricing by the
transporters and those with zero markup for producers. The procedure 10 compare equilibria for
the first group, is simply to substitute Cq,) for t; in (4), and continuing in the same fashion as
discussed earlier. For the second group, substituting £, =0. Vi, in (4) is appropriate.
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Table 1
Regression results western coal market model*
Standard
error of
Eq. ac B.d R*  regression
Montapa supply (%a) 5.57(136) 0.00134(4.5) 099 0.11
Wyoming supply (9a)  4.69(13.4) 0.00665(5.7) 0.89 043
Demand (9b)  21.29(86) ~0.00835(~15.9) 097 0.18
Monlapa transport {9¢c) 7.61(36.7) 0.0101(8.0) 087 034
Wyoming transport (9¢) 5.98(51.7) 0.00505(14.3) 096 009

"t_ - statistics (coefficient/standard error) are in parcntheses. Units are $/ton (p) and
millions of tons per year (¢). Estimation via two-stage least squares with eleven observations,

t=c;+dig;+n, i=m,w, (9¢c)
Py=P;+1, i=m,w, (9d)

where disturbance terms (g,#,) of zero mean have been introduced. This
model is identical to that found in Kolstad and Wolak (1983) with the
exception of eq. (9¢). The model is estimated using output from a large scale
activity analysis model of the U.S. coal market for the year 19907 Other
details on the model and a justification for this approach may be found in
Kolstad and Wolak (1983). Since the transport links were priced at average
cost in the activity analysis model, for the purposes of estimation of Ciq)
railroads are average-cost pricing.* Table | presents the results of a two-
stage least squares® estimation of the coefficients of (9) based on the activity
analysis generated data.

"The year 1990 was chosen for several reasons, including data availability and model validity
[see Wolak et al, (1981)]. An examination of years much earlier than 1990 would undoubtedly
encounter market rigidities which would bias this type of analysis. We selected an analysis year
far enough into the future for market rigidities to be of a minor concern, but also close enough
to the present 1o have relevance to current market conditions. Thus, although the choice of 1990
is somewhat arbitrary, it is expected that analysis of other years would give gualitatively similar
results,

*Unit transport costs for each link, defined as the difference between the average delivered
price in dollars per ton less the minemouth price for its respective state (including tax), were
regressed on quantity shipped, to obtain the average transport cost eq. (9c). Since states serve
different markets and we deal with only one average delivered price for coal, some of the
dependence of the transport cost on the quantity transported from that state is due to the
spatial heterogeneity of coal markets,

Two-stage least squares is thought to be more robust than full-information techniques when
samples are small and there is the potential for misspecification, since any error is restricted to a
single equation and is not allowed to propagate throughout the entire system [Johnston (1984)].
Because of the nature of the data generation process, a larger sample was unnecessary 1o
adequately estimate the parameters of the model.
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5. Empirical results

We now merge the development of the oligopoly model of the western coal
market with our Shapley-Lerner indices of power.

3.1. Possible market equilibria

The various market equilibria are presented in table 2. For each market
structure, the table shows the equilibrium levels of the tax rates and
transport prices, the payoff to each player, equilibrium output levels,
minemouth price excluding tax, transport cost, and delivered coal price. The
table spans all possible cases where participants price at average cost or set a
zero tax, act as non-cooperative oligopolists or act as members of some
coalition, although not all possible coalition structures are shown. For all of
these market equilibria the railroads were required to price at least to cover
costs and the states were not allowed to have negative tax rates. This was
done to insure realism in the analysis, but it also guarantees a unique market
equilibrium for all of market structures considered.

Perhaps the most striking characteristic of this table is the very small
variation in the delivered price of coal throughout the several market
structures.”” Confirming intuition, the most non-cooperative solution yiclds
the lowest delivered price of coal. The market structure where the state of
Montana and Wyoming’s transport link collude against the coalition of
Wyoming and Montana's transport link has the highest delivered price. This
market structure results in one of the smallest amounts of total rent
extracted. This seems to make sense because one would cxpect this type of
market structurc to be extremely counterproductive from the rent capturing
standpoint. ‘

Another intcresting feature of these results is the small variation in the
total rent extracted across all of the market structures. The smallest total
amount of rent extracted is 70 percent of the total rent extracted under the
fully cooperative solution. The most non-cooperative solution, no coalitions,
results in total rent extracted that is 83 percent of the fully cooperative
solution. The lecast amount of rent is extracted under the market structure
where Montana and its transport link compete against Wyoming and its
transport link. Ironically, this type of collusion is probably the most
plausiblc from an informational standpoint, since one would expect some
communication between a state and the transport link serving it.

Nevertheless, these results show quite a large variability in the production
levels of the individual states. However, the total delivered production to the

"®The fact that average delivered prices are somewhat independent of market structure is
largely due to the spatial nature of the market whereby distant consumers are lost as the mill
price increases. Delivered prices to a specific consumer (if that were treated explicitly) would not
be independent of market structure.




Table 2

Western coal market equilibrium values.*

“Definition of notation: MTS: Montana State; WYS: W
in state i (fraction): 7,: transport price for rail serving st
serving state i (S10° year), P; minemouth price of coal
(3 ton): C;: average transport cost to demand center from

dollar values are in 1975 dollars.

Total

Market structure {m I, Tm Ty T, T, Moy T, rent
Cartel all players 103 000 817 1396 331.60 0.00 000 1,56490 1,896.60
Cartel states vs. cost pricing rails 071 087 874 707  468.80 1,084.60 0.00 000 1,553.40
Cartel rails vs. no tax states 000 000 1280 1239 0.00 0.00 48550 1,155.50 1,640.90
Cartel states vs. cartel rails 036 051 1158 1081 196.40 400.50 287.90 576.70 1,461 50
Cartel states vs. individual rails 043 059 10.7¢ 9.69 300.20 55000 228.20 468.10 1,546.50
Cartel rails vs. individual states 011 023 1251 1161 73.00 24140 43930 844.70 1,598.50
Pure non-cooperative 014 028 1158 1032 13060 368.20 378.10 669.70 1,576.60
WYR vs. Rest 072 084 912 893 62030 554.50 0.00 28200 1,456.80
MTR vs. Rest 128 000 771 1440 67.80 0.00 000 1,798.30 1,866.10
MTS vs. Rest 007 000 1266 1251 33.80 000 37030 122590 1,630.00
WYS vs. Rest 1.17 011 7.88 1451 45020 100.90 000 1,22980 1,820.80
MTS & MTR vs. WYS & WYR 056 120 9.57 6.53  630.30 71210 0.00 0.00 1,342.40
MTS & WYR vs. WYS & MTR 036 053 11.63 10.76 188.80 408.10 285.80 562.70 1,445.50

Total
Market structure P, P, Cn C. P, Gm G ouiput
Cartel all players 564 621 8.17 7.14 18.90 3690 22950  296.40
Cartel states vs. cost pricing rails 572 606 874 7.07 18.60 1540 20590 321.30
Cartel rails vs. no tax states 573 613 8385 7.08 1844 12280 217.50 33030
Cartel states vs. cartel rails 570 562 857 6.69 19.32 95.80 139.80  235.60
Cartel states vs. individual rails 573 576 884 6.80 18.92 121.80 161.8¢  283.60
Cartel rails vs. individual states 573 587 880 6.88 18.80 11850 178.70  297.20
Pure non-cooperative 578 612 924 1.07 18.14 161.30 21500 376.30
WYR vs. Rest 577 549 912 6.59 19.03 14970 12060 270.30
MTR vs. Rest 558 636 17 1.25 19.10 1000 25130 261.30
MTS vs. Rest 569 620 8.51 7.13 18.64 89.30 22810 31740
WYS vs. Rest 567 574 788 6.78 19.34 7370 159.20 23290
MTS & MTR vs. WYS & WYR 583 541 957 6.53 18.75 19390 109.50  303.40
MTS & WYR vs. WYS & MTR 569 3560 854 6.68 19.37 9240 13770  230.10

yoming State; MTR: Montana Rail; WYR: Wyoming Rail. 1 tax rate
ate i (31on); T: tax revenue for state i ($10%/year); n;: profit for rail
in region i excluding 1ax ($/ton); P, delivered price of western coal
region i ($:ton); g;: coal production from region i (10° ions/year). All
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demand center remains relatively constant. This is indicative of the large
degree of substitutability, in the long run, between Montana and Wyoming
coal. Minemouth prices, excluding tax, in both states have little variability.
This is indicative of the very small, if any, depletion effects from higher levels
of production and should provide greater validity to our static analysis.

Finally, a glance at tax rates and transport prices show that they vary
greatly from one market structure to the next. The tax rates vary from 11
percent to 120 percent. The transport prices range from $6.53 per ton to
$14.51 per ton. Focusing only on the levels of these variables, one would
conclude that the western coal market is highly volatile. However, as
discussed above, the delivered price and total quantity produced, the two
variables determining consumer welfare, are quite stable over all of the
market structures considered. The issue of losses in consumer welfare for the
various market structures will be addressed in detail later in the paper.

An interesting question to ask while discussing table 2 is what coalitions
arc likely to form if we take as a starting point the fully non-cooperative
solution. Assuming no side payments are possible (in this market overt
transfers are illegal) implies that only coalitions leading to higher payoffs for
each member relative to the non-cooperative solution are likely to form.
Based on this critcrion, only two coalitions are likely to form: They are a
cartel of the states and a cartel of the railroads. Regardless of whether or not
the two railroads decide to collude, there is an incentive for the two states to
cooperate in setting taxes so that individually both can earn morc tax
rcvenuce than in the non-cooperative solution. For the railroads there are
gains to coalition formation only if the states are competing against each
other. However, conditional on the states formed as a cartel, each rail link
carns a higher profit by colluding with the other link as opposed to
competing against it,

Whether or not these collusions may in fact form is a question of degree.
The formation of any two participants as single optimizing agent scems
highly unlikely. However, some degree of communication between the players
is very likcly so that some degree of coordination in decision-making is very
possible, and more so as time passes and more communication among the
playcrs takes place. The question of the possibility of making side payments
among participants is logically similar. Clearly, overt side payments are
illegal, but because much of this coal is delivered on a contract basis, the
design of more elaborate agreements among consumers, producers and
transportcrs may allow greater room for implicit side payments among
players. .

Certainly the recent drop in Montana's severance tax om new contracts
was in response to a desire of both Montana and its transport link to earn
more revenue in the recent soft coal market. Clearly, for this to happen some
degree of cooperation exists between these two players because Montana
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Table 3
Western coal market rent capturing game.*

A. Payoffs coalitions can guarantee

o) = 0 0(2,3) = 6940
v(l) = 338 v(2,4) = Ti2l
v(2) =1009 v(3,4 = 864.6
3 = 00 v(1,2,3) =1,1748
v(4) =2820 v(1,2,4) =1866.1

o(1,2)=596.9

o(1,3)=6303

(1,4)=T751.5

o(1,3,4) =1,7199
0(2,3,4) =1,5962
#(1,2,3,4)=1,896.6

B. Shapley values and Shapley-Lerner indices

Shapley-
Lerner
Value index®
Montana State 424.1 0.30
Wyoming State 409.2 0.29
Montana rail 3578 0.26
Wyoming rail 705.5 0.50
Total 1,896.6 0.34

*All payofls are in millions of 1975 dollars per
year. Delinitions; !=Montana State; 2=
Wyoming State; 3I=Montana raii link;
4 = Wyoming rail link.

*See eq. (2) and eq. (3).

knows that the drop in the severance tax will not be met with an cquivalent
increase in the transport fees.

5.2. Measures of market power

Table 3 gives the western coal market rent capturing game in characteristic
form; i.c., all the guaranteed payoffs for the various coalitions are shown.
Note that the Montana rail link cannot guarantee itself any rent since it
captures no rent when it faces a coalition of the other three players (see table
2). In fact there is a sizable difference between guaranteed payoffs (assuming
individual rationality) and those resulting from non-cooperative Nash
behavior.

Also shown in the table are Shapley values and Shapley-Lerner indices for
the four players. Note first that the potential or endowed rents reflected in
the Shapley values differ significantly from what the actors reap in a non-
cooperative Nash equilibrium. The interpretation of the industry Shapiey-
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Lerner indices is that 34% of consumer expenditures could potentially go to
the four cartel players in the form of profits. From these figures it is clear
that the Wyoming railroad possesses much more market power than the
other participants in the market, by nearly a factor of two. While it is not
surprising that the cost structures for the two states differ enough to yield
different levels of market power, it is surprising that the Wyoming railroad
possesses so much more market power than the state of Wyoming,

A natural response in interpreting these Shapley values is that since the
railroads and states aren’t actually colluding, of what use are these measures
of market power? First of all, we do not know whether or not there is
collusion. Collusion can be very subtle or tacit, including price leadership
behavior. Furthermore, most coal contracts involve negotiated prices. The
relative market power of the negotiating parties bears directly on the
outcome of the negotation. Finally, an indication of where the power rests
points to the agents which should perhaps be scrutinized more closely by
regulatory bodies. For these reasons, these generalized Lerner indices are
very useful.

3.3. Efficiency losses and sensitivity analysis

In this section we discuss the losses in consumer surplus due to the various
cooperative market equilibria and the sensitivity of our market power results
to our modeling framework. :

Table 4 presents various measures of consumer welfare loss, where welfare
i defined as consumer surplus. All welfare losses are relative to the non-
cooperative Nash equilibrium. The first column of the table gives the fall in
consumer surplus as a percentage of the fall in total revenue going from the
non-cooperative equilibrium to each of the other equilibria in table 2. The
second column gives the change in welfare as a percentage of the change in
total rent extracted for each equilibrium relative to the base equilibrium. The
third column is the consumer surplus associated with each equilibrium as a
percentage of the base equilibrium level of consumer surplus.

This table addresses the question of the size of the welfare losses associated
with the various equilibria. Viewed relative to the change in total revenue
thesc welfare losses are very small. Viewed relative to the change in the total
rent extracted the welfare losses seem quite large. This column also illustrates
the inefficiency, from a rent capturing standpoint, of several of the coalition
equilibria relative to the non-cooperative equilibrium. With the exception of
the fully cooperative cartel and the last three of the three-player cartels, the
remainder of the coalition equilibria yield reductions in aggregate rent
collected and welfare losses relative to the non-cooperative solution. Finally,
the third column provides an intermediate view of welfare losses. Consumer
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Table 4
Consumer welfare measures.”

M aw 4w W
arket structure m m ",n
Cartel all players 248 —948 59.76
Cartel state vs. cost pricing rails 1.49 5353 7291
Cartel rails vs. no tax states ' 1.25 —1431 7942
Cartel states vs. cartel rails 3.65 61.12 3890
Cartel states vs. individual rails 2.48 15398 56.70
Cartel rail vs. individual states 211 —180.59 6243
WYR vs. Rest 2.80 4424 5153
MTR vs. Rest 3.00 -1986 4828
MTS vs. Rest 1.62 =5515 7096
WYS vs, Rest k)| —-29.36 3831
MTS & MTR vs. WYS & WYR 1.96 1556 65.01
MTS & WYR vs. WYS & MTR 3.80 55.76 371.27

Definition of notation: W;: consumer surplus for equilibrium i; Wj:
consumer surplus for non-cooperative (base) equilibrium; AW = W, — W,
ATR =change in total revenue relative to base equilibrium; ARENT =
change in total rent relative to base equilibrium. All magnitudes are in
percentage terms.

surplus runs from 37 percent to 79 percent of that for the non-cooperative
solution. By this mcasure, three of the coalition equilibria yield sizablc
welfare losscs, while the remainder of the equilibria yield only moderatc
losscs,

We now discuss the issuc of a sensitivity analysis. Due to the lack of
closed form solution for even the non-cooperative equilibrium, a sensitivity
analysis relating changes in model output to a change in each of the
parameters of the model is impossible. However, given that all of the
equilibrium are so close together on the demand curve and the very small
slope associated with each supply function once the non-cooperative market
equilibrium is cstablished, the rest of the analysis is essentially done local to
this point. For example, all of the equilibria in table 2 are contained in an
interval comprising less than 6 percent of the range of the demand curve in
quantity space. The intrinsically very flat nature of the supply functions for
each statc leaves most of the potential sensitivity in the model to the
transport sector. However, the very large fixed portion of the average
transport cost functions (see table 1) should mitigate some of this sensitivity
of the model to variability in the parameters of the transport cost functions.
So, although we cannot perform a detailed sensitivity analysis, comparison- of
the economic model assumed for the market to the actual market does yield
some insight into the sensitivity of the model results to parameter changes.
This potential sensitivity in the transport cost sector can explain some
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portion of the result that Wyoming’s rail link possesses a very large degree of
relative market power.

6. Policy implications

On the basis of the Shapley value calculation for the western coal rent
capturing game we can see the importance of recognizing the market power
of the transport links in an oligopoly environment and modeling this market
power. This exercise has also shown the robustness of the western coal
market equilibrium. Despite a wide range of market structures, the delivered
price and quantity of western coal changed very little. The level of total rent
extracted also showed very little variation over all of these market structures.
This result also reinforces the earlier conclusion of Kolstad and Wolak
(1983) that significant rents from natural resource extraction can be captured
even without a cartel.

The wide variation in the severance tax levels and transport prices, and the
relative stability of the delivered quantity and price of coal over the many
market structures evaluated, is both distressing and comforting to a western
coal market observer. It is comforting (although somewhat deceptively, as we
noted earlicr) in the sense that almost regardless of the behavior of the
produccrs and transporters the average delivered price of western coal will
remain unchanged in the long run. It is distressing because it indicates the
difficulty rcgulators will encounter in their attempts to limit the market
power of the participants in the Western U.S. coal market, because so many
market structures yield significant rents to the participants.

Perhaps the best policy to be pursued by regulators in this market is to
encourage competition among the players. Although the Nash cquilibrium
did not Icad to the lowest amount of aggregate rent being captured it did
lead to a very even distribution of the rent and, as discussed earlicr, is a
coalitionally stable solution to the game. Also, by encouraging cntry in the
markct for transporting western coal much of the market power of the
transport firms should be eroded. This analysis appears to be an excellent
argument in favor of coal slurry pipelines and offers very strong reasons why
the ratlroads have been fighting so vigorously to prevent their introduction
into the coal transport market.

One recommendation from the Shapley value calculation and the various
market solutions is that rcgulation of either the railroads or the states but
not both groups wouid be largely in vain. If one group is allowed to run free
whiic the other must cost price, significant rents are captured by the non-
regulated agents. Hence the proper strategy in this market would be regu-
lation of all agents or regulation of none of the agents. Given the proximity
of the Nash solution to the present levels of the tax rates and rail tariffs,
if one is satisfied with the present market outcome then the optimal policy
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is simply to encourage as much competition as possible in the market for
western coal.

Appendix: Shapley values

Let there be n firms with profit functions I7 {q) where the ¢ is the vector of
n decision variables for the firms. For any coalition or cartel of firms,
SSN={1,2,...,n}, define v(S) as the highest joint profit these firms can
guarantee themselves, assuming firms outside the cartel follow individual
rationality given the Nash equilibrium behavioral assumption (i.e., attempt to
maximize their profits given the actions of those outside their coalition). The
mapping u(S) is a set function associating with any subset of N a real
number. Now consider the power an individual firm contributes to a
coalition. A firm joining a coalition may give the coalition more market
power. Define the marginal value of a coalition S as the value of the
coalition, v(S), less the marginal value of all proper subcoalitions of S:

mp(S)=v(S)— Y mv(K), (A.1)

KeS

with the marginal value of the empty set defined as zero [sce Friedman
(1977, pp. 250-251)]. However, when a firm joins a coalition it would be
inappropriate to ascribe all of the marginal value of the new coalition to that
firm. Dividing the marginal value cqually among all firms in the coalition
leads to the definition of the Shapley value of a firm as the sum of the
marginal contributions of the firm to all coalitions it joins:

di= Y  mo(K)k (A.2)

K
KEN,iek

where k is the number of members of K. This is equivalent to the possibly
more intuitive definition of the Shapley value for firm i

5 [0K) = o(K = {i)k = 1)tn —

KEN n!

d’:‘ = (A-3)

Letting wy={(k—1)(n—k)!/n!} and using the notation of table 2, the
Shapley value for the state of Montana is the following sum of eight terms:

¢, = W.(v(l)—v(fﬁ)H w(e(1, 2) —v(2)) + wa(e(1, 3) —v(3))
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+wy(v(1,4) —v(4)) + w,(v(1, 2, 3) - v(2, 3)))
+w;(v(1,2,4) —v(2,4)) + wi(v(1, 3,4) — (3, 4))

+wy(v(1,2,3,4)—1(2,3,4)). (A4)

The Shapley values for the other players are calculated in a similar fashion.
The Shapley value satisfies several properties which are reasonable to
impose on a value function for a game in characteristic function form. In
addition, it is the only value function for a game which satisfies all of these
properties. These properties are detailed in Friedman (1977, pp. 248-249).
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