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ABSTRACT

This paper is concerned w;th the determinant
international stem-coal trade. Most work in projl
coal trade has been either qualitative (a consens
experts) ur, if quantitative, has been base
competitive spatial - equilibrium models.

‘nfort:m

the competitive model of trade does not appear to a
for observed and anticipated trade flows.
consistent with findings in the commodity trade litel
that, although markets- may behave in a-rational ecl
fashion, market concentration among producers, tr
and consumers leads to trade patterns signifi~
different than those associated with competitive markFT~ ‘Une 1982

The purpose of this paper is to explorf
significance and effect on patterns of stem-coal tr(
several deviations from the simple competitive mOde’RA~~
addition to perfect competition, we examine mo
(South Africa) and duopoly (South Africa, Australia’

competitive fringe (US, Canada, Poland, Chini
;olumbia). Using a simple equilibrium model of
trade, we examine these market structures and evalua
extent to which they can explain existing and antic
trade pdtterns.

I. INTRODUCTION

One of the key eccnomic questions in international commocis of

explaining
!cting

observed trade patterns. Th~ principal mot.ivals of

interest is in forecasting

can influence thiit.trade.

grain trade, have led to

~
how trade may dev~lop and how gover\tel~~

Several decades of r~~$earch,
:count

lllUCh Cs is

frustration with the simple compe~~~~~

trade whcrp the Ieast-cot,t supplier ct]ptures an importing

market.. For many corrnodities, this behavioral mdel

qualitative observations nor does it explain observed trade

~ders,
!antly
?ts.
t the
de of

P’. ~~
IOpoly
with
and

coal
e the
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research has

producer and

quantitatively

context of the

concentrated on developing alternate theories of rational

consumer behavior. The purpose of this paper is to

explore the effect of market structure on trade, within the

international steam coal market.

II. BACKGROUND

A. The Stem Coal Market

With the rise in the real price of oil and natural gas over the past

decade, interest has shifted to coal as a principal alternative source of

energy. The use of coal has been encouraged in countries with plentiful

domestic resources (such

resources (e.g., Japan).

coal and expectations of

as the US) and in countries with negligible domestic

This has lead to modest international trade in steam

more significant trade over the coming decades.

Until vel.y recently, metallurgical coal dominated internatlonat coal

trade to the virtual exclusion of stem coal. This situation is changing du[’

in large part to the oil price rises of recent years. Table I shows st~,]m

coal exports in 1979 ar]ci1!480 by country. Unfortunat~ly, nnre historic or

detailed data on steJm coal trade patter~s ar~ not readily uvailahl~. As ran

he seen, trade g“ew by a third from lq79 to 1!)80. Th[’ Australiwl qovol-nm~’nt

projects world demand for importwi steam coal to qrow to 100-170 million

t.~nn~~ p~!r y(’!dl”by lqfl~ and lql-?91 Inil]i(lrl f.(lnn(’< P(?r JWVi?” t)y 1990

(/!UStrd]ic3n ~CpitrtI’IIt_!nt of Trarif~and Resources, 19f11), This is cnn~istvnt with

US governmmt forf’casts (Int[~r,lqwlc.yCoal [xport T~sk Il}r-ct’,IYHI). OINI c m

concludp from ih~s~ ddta thnt. tllr int,~?rnntional m,lrkrt is cur~.wtl,y rllthrr

small hilt app[,dr-sto hc qlnwinq rdpidly. Coal I!as t.h(’pnt(’rltialfor b(’irltlII

very siqnificdnt conmmdity In int~rnational trad(’, p,lrtlcu!,arlyIf oil pri(:~s

r(m~ill high.
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Cocritry

TABLE I: STEAM COAL EXPORTSa

(106 tonnes)

Australia

Canada

Republic of South Africa

United States to Canada

United States excluding Canada

Polandb

Chind

United Kingdolnc

USSR

Other

Tot~l

1979

5.9

1.0

15.9

11.0

2.4

19.5

0.3

?.3

N/A

N/A

!)H.J

198(.)——

9.4

1,2

21.4

10.2

15.2

15.8

4).6

3.8

NIA

N/A
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There is much interest in the United States in the extent tO which the US

will be an exp, ~r of coal. Table I indicates that the US share of the steam

coal markets has leen around 25%. The 1980 share is higher than the 1979

share, although this may be due at least in part to reduced exports from

Poland. The US government anticipates

market to rise to 28% by the year 2000

1981). However, current and anticipated

the US share of the international

(Interagency Coal Export Task Force,

significant US participation in steam

coal trade would appear to be inconsistent with production cost information.

As shown in Table II, North American coal is not particularly cost competitive

with South African or Australian coal in either Europe or Japan. Indications

are that this will persist even after significant depletion.

Because EUrOp~ and Japan are by far the dominant importers of coal, Table II

suggests that if the internation~l coal market is competitive, Australia and

South Africa shou!d bt?the only exporters of coal.*

In fact., the common view is that the international coal market is

competitiv~, a viw haseri on tho abundant endowment and wid[? distrih,itir)fl

of resources. Con\ider, for instance. th~ suqqestion of tlw lnt.~rnatinn(]l

Energy Aqt?ncy’s coal r~?scarch arm: “[ l’f-~Jis suffici~~nt frw comp{ltitit)l]ill

and twtwef~n the four major coal Pxp[)rtinq countric~ for thu pri[[’ of codl to

t~!rldtowards Ionq-r”un marginal cott “ (Ndtiorl,]lCo,ll IIodrd, 1~[11). Y(!t 1111’

potential rxi~ts for a numlwr of participants in thv mavk?t t~l [Ixrrt 11)(1t.k!?t

powr . in !iollthAfrica

rrwmlwrs of thr lran%vd,ll

d (Iom(”)tir.(’drl.(’l, d’)~iqn

.-... .

*Oth(’r count.ri(’f, <U(h a~ Poland md (l)luml~id. cdl] conm~tf’ ifl r(’rtaill
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TABLE II: COSTS OF DELIVERING COAL TO EUROPE AND JAPAN

Country of Origin

A. TO EUROPE

US East Coast

Australia

South Africa

B. TO JkOAli

US West Coast

Australia

South Africa

Western Canada

Mif:e-

Mouth

1.55

0.95

0.95

1.L)5

0.9!J

0.95

1.M)

Inland

Transport

0,35

0.15

0.30

L).65

1).l!l

(J.3U

0.45

Ocean

Transport

0.35

1.00

O.b(l

0.45

0.40

().6u

0.40

Delivered

2.2!J

,?.10

1.85

‘Units: IWJ$VHJ9 Joules; Source: Interagency Coal Exp~~rt Task Force, 1981.
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The TCOA is also the principal owner of the export shipping terminal. To ~op

this off, the South African government has a syst~ of export licenses for

coal (Abbey and Kolstad, 1982). Whether there is potential to exercise

market power in Australia is less obvious, although there is concentration in

the coal industry. Four firms control almost 40% of output from steam coal

projects currently in production or planned for development in 1990. Labor

unions or railroads rould also extract rent, and the government has a system

of export licenses (although they do not currently

constraining on exports). On the consuming side, a

single or major national buyer of foreign coal

appear to be particL’larly

number of countries have a

(e.g., Japm, France and

Spain). National utilities dominate buying in many other countries.

B. Applied Analyses of Coal Trade

In the last section we saw that although the international steam coal

market might appear to he competitive, the perfect competition modr?l of trade

does not account for current or anticipated trade patterns. Most authors

attribute this failing to institutional factors such as an inabil

increase export port capacity or non-economic buyinq pr~f~rences.

instance, in projecting coal trade pfltterns, a typical approach is to

that export capacity is constrained, particularly in Austl-ali~ and

ty to

For

13\SLlnl(’

S(-lllth

Africa. If demand is higher than constrained outpJt levels, th[! hiqher C(JSI.

suppliers will r?nter the mark~t. This is the

of Er,ergy (1982) to projt?ct US coal l’xpnrts:

the m~rket, output from all other expoct(:rs

approach takt?nbv the

to ctlsur[IUS part it:

ar~ constrained. Simi

(1981) constrains only South Africiul afld A[l\tr,~li,~ll[~xport$ to d(’v~~l(lptht~i)

forecast%. In dn analysis of tht) ~ffwts of d(ir(qulatirlq11$ r~ilrr,lds, t.ho

NFRA Corporat.iofi(1981) takw J sliqntly diff(’rcmt.appr[~ach by asswnirlq that
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certain exporters face sharply rising costs from rapid increases in exports.

This effectively constrains exports, although not at a predetermined level.

Constraints undoubtedly exist on short-run capacity, but it is difficult to

determine and justify constraints on long-run capacity.

A somewhat plausible explanation for the participation of high cost

suppliers in the market is the intent of consumers to diversify supply. ICF

(1981) assumes consumers wi11 obtain no more than a certain percentage of

total imports from a single country. The Interagency Coal Ixport Task Force

(1981) suggests that there is a finite elasticity of substitution for

identical products from different suppliers. Reddy (:976) has estimated an

elasticity of substitution between US and Australian coal in Japanese

markets. Any of these assumptions can force the market participation of

high-cost producers.

The various assumptions used in the above studies have the desirable

characteristic of yielding a sizeable market share for the US. Unfortunately,

the assumptions are rather dd hoc, and difficult to quantitatively justify.———

Mort’ importantly, the assumptions require data that arc very difficult to

obtain (e.g., a nation’s coal production capacity at some future point in

time).

c. Other Cc+nmodities—

The s~arch for a trade theory which can explain trade flows without

rt?sr)rtinqto questional]lf’a$surnptions has sornt’hislol.,y. particl]larly in 1.11

grain trarl[! lit[’rat.urt~(r+’for to Ttlomp%on, lWII: sarri~, 1981; [ahys, 11J73).

Thr grdin trarli’sit.uatiorr is %trikinqly simi tar to thl]l of codl tradf’: tr-,lijl)

flows rk not sPwn I,()INI f~xplaina~jl~ on thv hdsis of pprfect comp[~tition.

bkCdlld’\ (l~fih) rdr’ly dlt.vmpt 1(I ~’x[)lairlol)srrvr(i wh(~at lra~p p,lll,ornt
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suggested that Canada and the US act as a wheat cartel setting wheat prices

which other producers follow. Alaouze et al (1978) extend this to a

cooperative triopoly involving Australia. In both cases, cartel operating

rules are hypothesized which result in a determinant set of prices and trade

flows. Schmitz et al (1981) go a step further and examine how a formal grain

cartel might operate. Carter and Schmitz (1979) counter th~t Japan and the

European Economic Commu~ity act as non-cooperative duopsonists. They suggest

that the Japanese import quota

the dominance of consumer power

The basic idea behind al’

and the EEC variable import tariff result in

which can explain observed trade patterns.

of this mrk is that the structure of the

market, in terms of the nature and extent.

participants, is what determines trade. This is

the soybean market which from a structural

of market power exerted by

supported by the behavior of

perspective appears to be

competitive and for which the competitive model of trade explains observed

trade reasonably weli.* However, one problem with assuming that trade can be

explaind on the basis of nil)-ketstructure is that there are a variety of

assumptions one can make about oligopolistic behavior and stratt?gy (SPP

Friectnarlt1977; Bresnahwr, 19RI), each of which results in a different s~t of

equilibrium prices and trades.

As with coal, the question of divt?rsit.yof supply arises in discussionsol

commodity trade in general. Armington (196q) sllggested that consumers may

distinguish otherwise iclrntical products on hr basis of countr..yof oriqil].

—.—...- ——-.--—— .—.

*This rhscrvat.ion wa% coIIvPy(Idto thp ,lutt]orshy AIPX M,C~llla of t.hc ft.,ir]ft~)’~1
Food R~search lnstitutp atid is support.e~ih,y !iIrIwrk of Iiolllk~t al (lcIl;)
dnmng others.
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He developed a theory of demand involving a finite elasticity of substitution

for a product from different countries. Grennes et al (1978) have applied

this theory to grain trade, but resorted to an assumption about the elasticity

of substitution rather than estimating it based on historic data.

III. A 141DEL OF IMPERFECT MARKETS

It is an hypothesis of this paper that current and anticipated patterns of

coal trade, including significant US exports, are consistent with rational

economic behavior on the pa-t of producer< and consumers. We suggest that the

use of ma~ket power by one or mre participants in the market can lead to

significant US participation in the international market. This suggestion can

be supported by expioring the effect of market structure on coal traae. our

approach is to define a model of the steam coal market and test the effect of

a variety of market structures on trade patterns. Cur approach is a

qualitative one in the sense that no attempt is made to rigorously test the

hypothesis against observed dnd anticipated trade patterns. Neverthele<,,

such hypothesis testing is a desirable albeit ambitious long-!errn goal. In

this wrk, a model of imperfect competition is developed. 11’,ingthis m~)ciel

and nominal assumptions about. demand and production costs, market operati~;n

can be simulated for a vari~ty of market structures.

To overview the model, it is a spatial equilibrium model but not in the

cullventiorral sens~. Near-Iy all spatial equilibrium mode 1s utilizu

mathematical proaramrning to find an equilibri~m set of prices and quantities

(Takaykarna and JudcjP, 1971; Thompson, 1981). This works WPI1 for finding a

competitive partial equilibrium (by maximizing consumpt- ~nd producer surplus)

or even an equi Iihrimn for th~ cas~ of a single monopolist or rnonopsonist
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(by maximizing producer or consumer surplus). Unfortunately, most imperfect—

market situations involve a number of agents, simultaneously maximizing their

objectives based on certain assumptions about their opponents’ behavior In

general such markets can be characterized as n-person non-zero-sum games.

With the exception of a zero-sum, two-person game, such games cannot in

general be couched as the maximization of a single function. Our approach to

finding an equilibrium 1s to a) define for each agent the conditions under

which he will m,ximize his objective; and b) solve for an equilibrium set of

prices and quantlt~es which simultaneously satisfiec the maximization

conditions for all agents.

In more technical terms, the Kuhn-Tucker conditions for each agent’s

maximization problem are collected. A solution tu the entire set of

conditions is deterli!inedusing a linear comp]ementarity algorithm applied LO

successive linearizatlons of the nonlinear Kuhn-Tucker conditions. Thus, ill

mathematical terms, ttle model CfJllSIStSof a set of eqUdtiCIl”,S of the {Urm

fi (~) Zi = Ll , Vi

where fi is a function of the vector of vdrial]les z. ld~!wil I >evh ,)—

solution to Eqn. 1 such that ~ and ~ are Ilof]-negative:

(IL))

This is d standdrd way of formulating ccunomic equilibrium pt-UbleIllS(~v( :>cdl-t

and Hanseu, lYIJ; Mdthieson, IYU2).
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To simplify the presentation of the World Coal l“rade Model, we h~ve

separated the coal production decision from the decision to exercise market

power. This is achi~ved by assuming consumers and producers are price takers

but that rents can be extracted by either agent througn the imposition of an

export or import tariff. Of course, this gives identical results to the case

of a producer or consumer exercising market power directly. Thus, there are

four basic sets of equations: producer profit maximizing conditions; consumer

utility maximizing conditions; interregional price efficiency conditions; and

tax-revenue maximizing cor!ditions. Table 111 presents a synopsis nf the

endogenous and exogenous variables used in the model. The model is descriDed

below in terms of the four sets of equations.

A. Consumer Optimality Conditions

Each of the J consumers faces a local price for coal, ~jt. If :he

.th
price is pOSltiVe in the J region, demand as a function of price must be

equal to the quantity consumed:

‘jt ❑ ~ ~ ‘ik ‘ijkt - djt(~j~> t= 1, ... T): 0, U. T.= OJt Jt
(2)

B. Producer Profit Maximization Conditions—

The standard conditiol] for profit maximizing behavior is that m~rginal

cost equals marginal revenue. In the case of a competitive :narket, marginal

revenue is price. Recall tlldt we assume for conceptual purposes L.ilat.mat-kct

power is exercised by the taxing authority, not producers. First order

conditions for producer profit maximization are

.

‘ikt ❑ Cikt (Sikt) - plkt ZU , ‘ikt ‘ikt = U
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TABLE 111: MGDEL PARAMETERS AND VARIABLES

1. Indices

j=l*~~.iJ Demand regions

i = 1, ... , I Supply regions

k=l, ....K Coal types

t=l, ....T Time r)eriods

II. Endogenou~ variables

‘ijkt
. q~ant.:ty of k-coal shipped from i tu j in timu

period t (106 tonlles/yr)

‘ikt
: production of k-type coal in re9i’Jll i, ~i’11~

period t (106 tonnes/yr)

P. price of k-cool t.LJproducur i, Lillh’ IJ(I-lI; ~
lkt

($/tonlN!)

d ,ll!lll ,11111fllll{ [loll I (It’ ((1!11 Ill 1“1’!:ll,ll .1, ~ Ill’ i’” I
,] 1.

t ( 10
1‘)

,l{ull{’’,/ylI

“ik
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In other words, price equals marginal cost unless no production takes place.

Note that because inter-period storage is not represented, the connection

between changes In price over time and the Interest rate iS nOt embodied in

the model.

It is also necessary to assume that quantities sold to consumers are

consistent with production levels.

.

‘qijkt~ 0 ~ ‘ikt‘ikt = ‘ikt - pjkt= O
j

This conditi]n states that exports must be equal to production

price is zero in which case some production may be freely disCdrded.

c. Tdx Revenue Maximization

In this conceptut?;ization. mdrket power is exercised throug~l

import) taxes. For simplicity, we assume Lhe taxii~g authority

(4)

unless the

export (or

can pric~
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In determining the tax rate that maximizes revenues, this equation will be

differentiated with respect to the tax rate. Assume that changes in taxes tu

one CO14ntry do not affect consumption from another country. The change in q

with respect to n is just the slope of the residual demand curve in region j

for region i’s products:

ddjl . ‘djf + (1 +rijj

d;j t
-L
‘Pj t

where

quant

Suppl’

(6)

is the conjectural‘ij
variation; i.e., r.. is tt’!c

lJ chdllfJU ill

ty supplied to j from all other producers wittl d ct,arlyein qudlltity

ed to j by i (see BreSndh.3R, 1Y81 ur Intrilllgatur, IY71). For ptirtect

competition (cr d Bertrand oligopoly), rij = -1 ; i.e., Jny reduction lfI

output 1s ossumed to be picked up

l)ehdVl(.)1’dlflloclu]13ssullles

condition fur d mdximum of

r. =U.
lJ

Eqll, b:

‘lijG[

Y ()
l.jkt ‘Iijht ‘-

(/)
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Although equation 7 is somewhat complicated, it becomes simpler when one

~ssumes Cournot-Nash behavior and no inter-temporal price effects vis-a-vis

demand.

D. Price Efficiency Conditions

Because we deal with two sets of prices, one for consumers and one for

producers, it is necessary to link these sets of prices to assure consistency:

-

‘ijkt = ~ikt + ‘ijt + ‘ijkt - ‘ik pjt Z 0 ‘ ‘ijkt qijkt = 0 (8)

The interpretation is that if any trdd~ takes place between a producer

and a consumer, the difference between producer and consumer prices must De

precisely the sum of transport costs dnd taxes, and in any event canl]ot be

greater than this

IV. LWIRNLJT-NASti

sUm.

PKL)DUCER iWl{WULY AND DLJW(ILY

As was inrJicated earlier in this paper, the competitive model dues IICIL.

appear to expldin current ur anticipated stew) codl trade fluws. As was also

illclicdted, studies of trdde in other coinmmlities suggest that dlterndtu

dssumption~ aboul market structure can cxplair] trdde p~tterns. In this

section wc t~ku a first step in exploring this 11.yputhesisby exminillg IIOW

tr~{j~ flow:, differ from the p[!rf’[’ctcmll~]l!tiLiollc,]:;(1IitItl[~rtwo ~11’’rn,ltr

m~rkc~ structures,

on tht”producer sidr, it wuuld dpl)l’l]rthdt tll(’N1’pul)lic01 il~ul.ll~ll”ric,l

(RSA) is illthtih[!stpusitiol, to ,)x,}rci!,ttl,l[,l],,~~t,ly p,,w,~r,I)ULonly lJ(Ir,luj,Iof

it> ~pp,lr(’lit(:[)s1.(Idvdlltllq(’ill drl iv[’rillg\t,iI,Mlco(il l~ut.11ISO ill Lt’rms uI

il]ititiltiurlhwtlich dr(! Jlrt’ddy in pldc~! to l.:x(!rci~~’11),:1powur. lhl~lr(llid ill
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a second producer which has the potential to exercise market power,

principally because of its cost advantage. Institutional mechanisms for

exercising power appear to be less developed in Australia than in the RSA.

This suggests the two cases we will examine. One is the case of the RSA

acting as a monopolist with all other producers acting competitively. The

other case is that of a noncooperative duopoly involving the RSA and Australia

with all other producers acting competitively. A fundamental assumption for

both the monopoly and the cluopoly case is that of Cournot-Nash behavior. In

other words, in setting export taxes, production levels and shipment patterns

frcm other producers are taken as given. No account is taken of the reaction

of competitors to the strategies of either the RSA or Australia.

The assumption of Cwrnot-Nash behavior is very common in economic

analysis of market behavior probably because it is the simplest of many models

of oligopoly behav’iur. It has some intuitive appeal since in real ity

producers do see the production levels of competitors but may not be sure at

all how competitors will r~act to changes in strategies on the part of thr

oligopolists. Unfortunately, there are also deficiencies with tht?

Cournot-Nash model, the most glaring of which relat~s to deterring of entry of

the competitive fringe (limit pricing). For instance, th(?strategy of sr?t.t,illq

price just. below thr price at which th~ frillgc enters is not a Cournot-N,lsh

strategy since the oligopolist is t~kinq nccount of how l,hr frinqu will rf’,irl

to the oligopolist’s pr ic~ llrl(lqumt.ity drcir ion!;. N(’vrrth(’11’s%,t.t)l’

Cournot-Nash model is a goocl st(lrtinq point. for wI),IIW(I Iwp(’ i’; d 111(11”(’

f!xt[!nsiv[!srarch for ,1m~rk(?l.Ino(lt?lwiih th(’I)(!st.pxplatl,ll,oi’ypowvr.

Th[! analysis illvolvrs (’xf!rclslngt,hr World (;O(ll‘Ir,l(loModrl sPp,II*,IIII1.y

for rnch ()( tht’setwo ditftlrtv~l.mark[~t structut.os I)IIJI; t.h(’ 1)(’rfrct coluI)(Il Il,it)rl
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structure. Description of the data assumptions and solution technique for the

model is relegated to an appendix. Table IV presents the basic resul’s of the

analysis for the year 1990. In the table, export market shares are forecast

frcm the three major producing areas to the two major consuming areas. The

results do not reflect domestic coal use. As can be seen, results for the

competitive case confirm our expectations in that Australia and the RSA

capture 87% of the international market. North America (Canada arid the US)

plays no role. Such a result prompts analysts to either reject the

competitive model or constrain output from Australia and RSA to force the

entry of North America.

The second market structure examined is that of a RSA monopoly with all

other producers on the fringe.

increases prices by roughly $10-’

tonne to east Asia. As a result

In exercising its market power, the RSA

5 per tonne in Europe and less than $5 per

exports are cut by nwe ttiin half relative

to the competitive case with the difference attributable to reduced demand and

increased procfuction by Australia. However, since Australia is an

inframarginal producer and is acting competitively, tht~re is rtill no plCICP in

the marh[?t for North America.

Th[! third cas(? Pxminerl is that, of ~ (nnnc(mpwativ(!) cfunpol,yil]vo

the RSA and Australld with {111 (~l,h(!rproduc(?r:,irl fJIr f;omp(?titiv(~fr-

v illq

ng[!,
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TABLE IV: FORECAST 1990 INTERNATIONAL STEAM COAL MARKET
SHARES FOR THREE DIFFERENT MARKET STRUCTUREba

North America

RSA

Australia

North Americt’

RSA

Australia

To—

Europe

Europe

Europe

East Asia

East Asia

EasL Asia

~ll)tdls do not. ddll L(J

&!l?!ww
.-

0.43

--

-.

0.11

LI.3.I

RSA/Australia
Duopoly With

RSA McInopolyWith Competitive
Competitive Fringe Frinqe

-. ().03

0.27 0.2U

0.09 0.05

-. ().21

0.04 0.11

i).44 o. IJ

urli Ly IJ(-!CIIU5L’ (1 Ilumbcr- of minor pt”mlllcur~
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v. CONCLUS1ONS

The basic problem addressed by this analysis is how to account for past

~ad anticipated patterns of trade in steam coal. Our principal conclusion is

that the exercising of market power has a significant effect on trade

patterns. Exercising such power tends to increase the share of the market for

the competitive fringe, rectifying the principal failing of the competitive

model of trade.

Nevertheless, the research presented here only scratches the surface of

this question. We have only examined two of many possible market structures.

The case of bilateral monopoly involving Japan has to be considered a

potential structure.

validity of a part”

historic data. It is

research.

More importantly, we have made no attempt to test the

cular structure, comparing modeled trade flows with

hoped that these questions can be explored in subsequent
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APPENDIX: DETAILS OF THE WORLD COAL TRADE ?KIDEL

In this appendix, we Present a brief overview of the particulars of the

World Coal Trade Model which was described in Lection III. Most applied

models are in a continual state of improvement, particularly with regard to

model parameters and coefficients. Since the international steam coal market

is so young, we expect sources of data used for this mndel to evolve rapidly.

Nevertheless, it is useful to indicate the generf’ sou~ces of data used in the

analysis presented in this paper. For nmre complete documentation, interested

readers are referred tb Abbey et al (1982),

The model consists of four discrete tim periods, spanning th[

through 2000. Four types of coal are consider~d: low-sulfur

subbituminous, lignite, and high-sulfur bituminous. only the f

these is considered to be tradeable internationally. These cc

years 1985

bituminous,

rst two of

als can be

procluced for export in ten coal supply regions. coal supply in six of thesr

regions (three US regions, wrstelm Canada, the Republic of South Africa ,lII(!

Australia) is rf?prescntecl by a linear marginal cost curve for [~ach COJI t,yl-NI

giving mar ‘nal cost as a function of th(? rate of ~xtraction of codl. ThIIc,I)

Supply Cllrv(?ShaVe ;JeWI cstimat.d (non -~crrnomotric[~il,y) I)y ,lncifor- th[’ l.rlrrq,y

lnformdtion Ariministrat inn ([1A) ,,f the US Dl?partmcnt of lnorqy. Fstim,lti’~ III

m irw to port tr(lnsport. costs wr’~ dd~ltxl to tilt’~f~511pply curv~!~l. M(NII~\l

in(?last.ic sIIppl,yW(I% ll-ypol,hpsizvd for l,hrIottlor fr~llrsu~)ply rrqinn!i (I)(llilll{l.

Colmnhin, Cllirliland Indorl(’ria).

[l(~llilfl(l t[)rcoIll irl(!dch of ?1 )mlirms is reprm(lnt.(~(1I),yd sinql(’ (ol)’,t,lrll

Pld’;ticity IlwllwI(lfIJIICLim. Itlow’ d(wllrl(lfurlctiont MI)(Id(’vi~loptwll~,y,1,,’,lmlill(~
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a price elasticity of demand for steam coal of -0.5. This is roughly

consistent with EIA calculated elasticities. For most regions of the model,

the EIA (in their annual report to the US Congress) forecasts consumption and

prices for stezrn coal. These price-quantity pairs by region determine unique

demand curves given the assumed price e]ds?.iCity. Estimates of domestic co~l

supply *re developed for countries expected to import steam coal

(particularly in Europe). These supplies were assumed to be inelastic and

were subtracted from overall steam CO?l dcmmd to yielcl an import demand

function.

A single ocean port was associated with e~ch producer and each consumer.

Assumptions were made

maximum vessel size.

would be based on the

about the capacity

Thus , the maximum

minimwn capacity Ji

of each of these ports in terms of

vess~ size for a particular route

the origin and destination. This in

turn determines the cost of moving coal over ~hat route.

The model is solved using d version of l.~nke’s algorithm for solving t.h~

linear Camplementarity problem (Tomlin, 1976). Since demand is nonlinrar, ttlr

problem is succ~ssively Iintwrilcrl IIntil converq[~rl(:~to a solution i~

realiz~d. Such an approach has hwn usrt-1 v~r,y successfully for qpn(~rdl

r?quiIibriun problems by Mat,hi(?son (lWV). Solution Iimr vlll.im wilh thi’

t]~~’il~lne(lmark~t structure and cof~vorqw]r~irritrr ia IMJI,takilf on t,ht}ord[’1.of

30-4!)minutm of Cl]llt.im?nn a DE(l-VAX cori;plitt’r.SIJrlIa prnhlfwl Woulll il]v[]lvlv

dpprux lmatIIIy 1O(N)r[~rl’lIr(]Ints IItldv(lri,lhlf~~;,
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