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Tubbs, John E., Master’s, March 1991 Economics

A Montana-Wyoming Coal Severance Tax Duopoly Model (129 pp.)

Director: John W. Duffield d@»ﬁ/

The large coal reserves of the Northern Great Plains represent one
of the nation’s largest energy sources. The states of Montana and
Wyoming assert market control over these reserves through state
severance taxes. This report identifies optimal severance tax
strategies and rates for Montana and Wyoming. In this analysis,
optimal rates are defined as those that maximize state coal severance
tax revenues.

A variant of the classic Bertrand price duopoly model is used to
describe the Northern Great Plains coal market and the role of
Montana and Wyoming severance taxes. Bertrand described a case where
two producers maximize profits by contreolling a commodity’s price.
In this analysis, severance tax rates are adjusted to maximize state
tax revenues. Montana and Wyoming reaction functions are derived for
naive and tax-leadership behavioral assumptions. These reaction
functions describe how each state would react to a change in the
other state’'s severance tax rate.

Using demand forecasts as an empirical base, the theoretical model
is applied and optimal tax rates are calculated. The demand for
Montana and Wyoming coal is forecasted using a spatial market model.
Numerous coal demand forecasts are made for severance tax rates

ranging from @ to 120 percent in each state, These forecasts are
then used to identify demand functions using simple regression
techniques. The results suggest that severance tax rates of 75

percent for Montana and 119 percent for Wyoming would maximize each
gtate’s coal severance tax revenues.
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE OF CONTENTS

LIST OF TABLES . . . . . . . . .
LIST OF ILLUSTRATIONS . . . . . .
ABBREVIATIONS . . . . . . . . . .

CHAPTER 1 INTRODUCTION . . . . .
OVERVIEW . . . . . .

MONTANA AND WYOHING COAL RESOURCES .« . : .

Montana Coal Resources . e .
Wyoming Coal Resources o e .

CHAPTER 2 LITERATURE REVIEW . . .
INTRODUCTION . .
MONTANA-WYOMING COAL PRODUCTION

Kolstad and Wolak . . . . . .
Ward e e e e e e 4 e e e .
Zimmerman and Alt v e e e e e
NGP COAL DEMAND MODEL . . . . .
Spatial Market Model o e e .
National Coal Model . . . .
Zimmerman and Alt Coal Demand

CHAPTER 3 THEORETICAL METHODS .
COURNOT DUOPOLY . . . . . « .+ .
Cournot Duopoly Model . . .
BERTRAND DUOPOLY . . . - .
Bertrand Duopoly Hodel .
BERTRAND PRICE LEADERSHIP .

COMPETITION

Bertrand Price Leadership Hodel . e e

MONTANA-WYOMING COAL TAX DUOPOLY

-

Montana-Wyoming Ccal Tax Duopoly Hodel

SPATIAL MARKET MODEL . . . .

CHAPTER 4 EMPIRICAL ANALYSIS o« .
REGRESSION ESTIMATES . . . . .
Demand Eguations . . . . . .

OLS Estimates . . . . .

OPTIMAL TAX RATES . . . . . . .
Equilibrium Conditions . . .
Montana Price Leadership . .

Wyoming Tax Leadership . . .
Matrix Analysis . . . . . . .

CHAPTER S SUMMARY AND CONCLUSIONS
REVIEW OF ASSUMPTIONS . . . . .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

- - - - .

iii

12
13
13
13
15
18
18
19
26
28

31
33
34
36
36
39
39
42
43
51

58
62
62
62
63
63
64
65
67

70
71



COMPARISON WITH OTHER STUDIES . .
CONCLUSIONS . . . .« « + « & &+ =« =

APPENDIX A SPATIAL MARKET MODEL . . .
ELECTRIC DEMAND FORECASTS . . . . .

Sensitivity to Electric Growth Rates

INTER-FUEL SUBSTITUTION
SPATIAL MARKET MODEL . .
Power Plant Size . s
Capacity Factor . . . . .

Heat Rate . . . . .« « + « +
Power Plant Capital Costs . .
Fixed Capital Recovery Factor
Operation and Maintenance Costs
FOB Mine Price e e v e e e e e s
Fixed and Variable Transportation

. . . .

.
.
. [} .
.
.
-

-
-
L3
.
.
[3
.

* .

. » . . » . - [ .

[ L] - » » -

Costs

APPENDIX B SPATIAL MARKET MODEL PROGRAMS .

APPENDIX C NEWHYP.FOR . . . . . . . .

BIBLIOGRAPHY L) . - - - . . - - - . . -

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

. . . * » - . - L]

. » - . » - L] - L]

iv

77
79

84
87
91
93
94
97
97
97
98
98
99
100
103

106
119

124



LIST OF TABLES

Table 1. Montana Coal Production e s e v e a e e 9
Table 2. Wyoming Coal Production . . . . . . . . .« . 11
Table 3. Equilibrium conditions - Kolstad and Wolak. 14
Table 4. Ward’'s Forecast of 1990 Gross Revenues from
Severance Taxes e e e s a4 s s e s e e e e e 17
Table 5. Variable Description . . . . c o e e e e . 57
Table 6. New Montana Coal Production in 1990 ¢ e e e 61
Table 7. New Wyoming Coal Production in 1996 . . . . 61
Table 8. Optimal Tax Rates. . . ¢ ¢ « o+ o o o s o« « o 66
Table 9. Price and Tax Rates. . . . e e e e e e e s 67
Table 10. Montana Tax Revenue Forecasts . e e e e e 68
Table 11. Wyoming Tax Revenue Forecasts. . . . . 68
Table 12. Comparison of Optimal Severance Tax Rates . 79
Table 13. Net Electric Energy Generation in 1983, by
Source. . . . e e e e e e e e e 88
Table 14. Net Electric Energy Generation in 1987, by
Source. . . . e . . . . . 89
Table 15. Net Electric Demand in 1983, 1987, and 1999. -17)
Table 16. Montana Coal Demand for Three Electric Rates 92
Table 17. Variable Descriptions e v e e e e e e e e e 95

Table 18. Spatial Market Model: Coal Supply Center Data. 96
Table 19. Real Levelized Annual Fixed Charge Rate . . 929
Table 20. Montana and Wyoming FOB at Tax Rates Ranging

from @ to 120 percent. . . . .+ + + « o « + 103

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



LIST OF ILLUSTRATIONS

Figure 1. Coal Reserves of the United States. . e .
Figure 2. 1976 Spatial Market. . . . . . . . « « . .
Figure 3. 1982 Spatial Market. . . . . . .« + « « + « .
Figure 4. 1985 Spatial Market. . . . . . e e e e s s
Figure 5. Rectangular Coordinate System for Spatial
Market Analysis. . . . ¢ . . + ¢ 4 ¢ 4 o 4 .
Figure 6. Montana Coal Demand When Wyoming Severance Tax
is 10 percent. . . .+ ¢ 4+ 4 4 4 e e 4 e o o
Figure 7. Montana Tax Revenues. e e s e e e e e e e s
Figure 8. Wyoming Tax Revenues,. e e e e s e e e e e

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

vi

21
23
25

55
74

81
82



BN
Btu
DNRC

DOE
EPRI
GWh
MW
NCM
NGP
PPCC
SMSA

vii
ABBREVIATIONS

Burlington Northern Railroad

British thermal unit

Montana Department of Natural Resources and
Conservation

U.S. Department of Energy

Electric Power Research Institute
Gigawatt-hour

Megawatt

National Coal Model

Northern Great Plains

Power Plant Capacity Cost

Standard Metropolitan Statistical Area

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER 1

INTRODUCTION
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Since the early seventies, Northern Great Plains (NGP)
coal production has increased dramatically. Montana coal
production went from 3.45 million tons in 1970 (Commission
1980, 93) to 37.77 mwmillion tons in 1989 (DOE 199Qa, 17).
Wyoming c¢oal production went from 7.22 million tons in
1970 (Commission 1980, 93) to 171.45 million tons in 1989
(DOE 1990b, 5). The striking difference in the demand for
Montana coal as compared to Wyoming coal is due to the
proximity of Wyoming coal reserves to the large population
centers in the in the mid-west (Duffield and others 1985,
II1-7). Along with increasing production, both states

initiated substantial severance taxes.

Montana and Wyoming coal severance taxes have been the
topic of several research efforts. The analysis presented
in this thesis is an extension of a series o¢f reports

analyzing the NGP coal demand. In the first report,

Projections of Northern Great Plains Coal Mining and

Enerqy Conservation Development, 1975-2000 A.D. (Power and
others 1976) a spatial market boundary between NGP coal

and Midwest coal reserves was estimated. However, no
other market boundaries were estimated. Estimates of a
fully bounded NGP spatial market were reported in
Projections of Coa emand from the Norther Great Plains

through the Year 2012 (Duffield and others 1982). In a
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third report, Montana Coal Market to the Year 2000: Impact

of Severance Tax, Air Pollution Control n eclamation
Costs (Duffield and others 1985), coal supply centers for
Montana and Wyoming were introduced into the model. This
allowed the competition between the coal producing states

of Montana and Wyoming to be modeled.

This thesis takes the analysis of the impact of
severance taxes presented in the 1985 report the a step
further and develops optimal tax strategies. Optimal coal
tax strategies are defined as those that maximize state
severance tax revenues. The analysis presented in this
thesis is not the first analysis of Montana and Wyoming
cartel control over NGP coal. In 1983, Charles D. Kolstad
and Frank A. Wolak jr. published an article entitled
"Competition in Interregional Taxation: The Case of
Western Coal" presenting a similar analysis. Michael P.
Ward analyzed Montana and Wyoming market control in Coal
Severance Taxes: The Effects of Western State’'s Tax Policy
on the U.S. Coal Market (Ward 1982). A third study, The
Western Coal Tax Cartel (Zimmerman and Alt 1981) also
analyzed the market power of Montana and Wyoming. These

reports will be discussed in more detail in Chapter 2.
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OVERVIEW

This thesis is broken into five chapters. Chapter 1
provides this overview and a brief survey of Montana and
Wyoming coal resources. Chapter 2 is a literature review
of coal cartel models and coal demand models. Chapters 3
present the analytic components needed to calculate
optimal severance tax rates. A variant of the classic
Bertrand duopoly model is used to describe Montana and
Wyoming market control. It is important to note that, in
this case, the coal severance tax rate is the decision
variable, not price. Montana and Wyoming reaction
functions are then used to identify optimal severance tax

strategies,

Chapter 3 also provides a description of the spatial

market model used to forecast c¢oal demand. These demand

forecasts provide the empirical data upon which optimal
rates are estimated. There are numerous factors affecting
the demand for Montana and Wyoming coal. However, the
pivotal factor for this analysis 4is the influence of
Montana and Wyoming severance tax rates on the delivered

price of <c¢ocal and, 1in turn, coal demand. Based on
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severance taxes ranging from © to 120 percent, 169
combinations of Montana and Wyoming coal severance tax

rates are used to forecast coal demand.

Chapter 4 presents the empirical analysis. First, the
demand forecasts are presented. Using simple regression
technigques, Montana and Wyoming coal demand eguations are
estimated. The OLS parameters are then substituted into
the optimal tax strategies derived in Chapter 3. The
result is an identification of optimal tax rates which

would maximize Montana and Wyoming revenues.

Chapter 5 provides an a review of the major assumptions
and a summary of the empirical results as they compare to
three previous studies. Chapter 5 also provides a summary

of the major conclusions that are reached.

MONTANA AND WYOMING COAL RESOURCES

The coal resources of the world represent approximately
half of the energy recoverable from the earth’s crust
(Silverman 1983, 5). The large, low-sulfur coal reserves
of the Northern Great Plains (NGP) are one of the nation’s
largest energy resources. Figure 1 shows the location of

major coal reserves in the United States.
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Over ninety-five percent of the coal produced in the NGP
is used for steam electric generation (DOE 1988a, 20).
The 1982 coal study conducted by Duffield and others
identified seven competing coal supply centers. Each of
these coal producing regions compete against Montana and
Wyoming coal for market shares. The analysis presented in
this thesis focuses on the Powder River coals of Wyoming
and Montana and treats the Green River coals of Wyoming as

a competing supply region.
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Coal Reserves of the United States.

Figure 1.
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Montana Coal Resources

The coal fields in Montana underlie approximately 35
percent of the total land area of the state (Keystone
1989, ©526). The Fort Union Formation contains coal
deposits ranging from 1low Btu 1lignite deposits, in
northeast Montana, to subbituminous coal along the
northern part of the Powder River Basin (Brown 1983, 205).
Approximately, one quarter of the demonstrated reserves in
the U.S. are in Montana. This represents 57 percent of
the demonstrated subbituminous coal reserves and 35
percent of demonstrated lignite. The 1989 Keystone Coal
Industry Manual (Keystone 1989, 527) estimates that
remaining coal reserves in Montana total 471,630 million

tons, of which about 50 million tons are strippable.

Coal mining in Montana was reported as early as 1807
when a Spanish fur trader heated his trading post with

lignite coal (Keystone 1989, 531). Today, nine surface

mines produce most, if not all, of the cocal produced in
Montana (Keystone 1989, 531). Table 1 provides historic

coal production for Montana from 1970 through 1989.
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Table 1. Montana Coal Production®

Year Production ear Production
(millions (millions
of tons) of tons)

1970 3.447 1980 29.981

1971 7.064 1981 33.332

1972 8.221 1982 27.838

1973 10.725 1983 28.660

1974 14.106 1984 33.054

1975 22.054 1985 33.141

1976 26.231 1986 33.743

1977 29.320 1987 34.377

1978 26.679 1988 38.920

1979 34.454 1989 37.772

¢ Sources: 1970 - 1977 (Commission 1980, 93), 1978 - 1988
(DNRC 1989, 49), 1989 (DOE 19%@a, 17).

The first Montana coal tax, a 5 cent per ton license
fee, was imposed in 1921. Over 50 years later, Montana’s
coal tax legislation was "overhauled®” and a new 30 percent
severance tax was established (Verdon 1988, 53). In 1987,
bowing to pressure from the governor and the coal
industry, the legislature approved a phased reduction in
the severance tax rate. A bench mark level of production
was set at 32.2 million tons. In 1988, coal production
exceeded this bench mark and the severance tax rate was
lowered to 20 percent. Without new legislation, the c¢oal
severance tax will be reduced to 15 percent in 1991

(Verdon 1988, 54).
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Wyoming Coal Resources

Two major coal bearing provinces cross Wyoming. Coal
in the Eastern part of the state falls into the Northern
Great Plains province (Keystone 1989, 611). The cocals in
this province are dominated by subbituminous rank coals.
These are the coals that are the focus of the analysis
presented in this paper. The deposits in other parts of
the state are part of the Rocky Mountain Province

(Keystone 1989, 611).

According to the 1989 Keystone Coal Manual, c¢ocal has

been produced continuously in Wyoming since World War T
{Keystone 1989, 617). In 1958, production fell to an all
time low of 1.6 million tons. However, beginning in the
late 1960s c¢oal production began to increase and now
Wyoming is the largest coal producing state in the nation
(DOE 1990b, S5). Annual production totals are presented in

Table 2 from 1979 through 1989,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



11

Table 2. Wyoming Coal Production®

Year Production Year Production
(millions (millions
of tons) of tons)

1970 7.222 1980 94.033

1971 8.052 1981 101.661

1972 10.928 1982 107.084

1973 14.886 1983 112,213

1974 20.703 1984 130.914

1975 23.804 1985 140.714

1976 30.836 1986 136.820

1977 44.500 1987 146.850

1978 58.328 1988 164.014

1979 70.795 1989 171.454

* Sources: 1970 - 1977 (Commission 1980, 93), 19578 (DOE

1980, 11), 1980 (DOE 1981a, 5), 1980 (DOE 1982a, 7), 1981
(DOE 1982b, 2), 1982 (DOE 1983, 2), 1983 (DOE 1984a, 2),
1984 (DOE 1985, 3), 1985 (DOE 1986, 4), 1986 (DOE 1988b,
13), 1987 (DOE 1988¢, 8), 1988 (DOE 1989, 15), and 1989
(DOE 1990b, 5).

Wyoming’s current Sseverance tax rate 1is 8 and 1/2
percent. From 1979 through 1986 the tax rate was 10 and
1/2 percent. This two percent reduction took effect when
the cumulative coal severance tax revenues exceeded $160
million (39-6-303 Wyoming Statutes Annotated) which
occurred in 1986. Prior to 1979 a series of adjustments
were made to the severance tax which took it from one

percent in 1969 to 10.1 percent 1in 1978 (Wyoming

Department of Revenue 1990).
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CHAPTER 2

LITERATURE REVIEW
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INTRODUCTION

Two components are needed to study Montana and Wyoming
coal severance tax policies. First, a theoretical model
of how each state will react to the others coal tax
policies is developed. Next, an empirical analysis is
preformed to identify optimal tax rates. This is done by
first forecasting 19990 coal demand for a range of
severance tax rates and then, through regression analysis,
use these forecasts to empirically estimate the parameters
identified in the theoretical model. The first section of
this chapter provides a review and comparison of other
studies analyzing Montana and Wyoming cartel control over
NGP coal production. The second section provides a review

of three coal demand forecasting models.

MONTANA-WYOMING COAL PRODUCTION COMPETITION

Kolstad and Wolak

In many ways the analysis presented in this thesis is
fashioned after the dyopoly analysis presented in

Competition in Interregional Taxation: The Case of Western
Coal (Kolstad and Wolak 1983). Kolstad and Wolak develop

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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a theoretical model of Montana and Wyoming competition
where the severance tax rate is the decision variable.
While the general approach developed in this thesis is
similar, the specific construct of the theoretical models

and the coal forecasting models differ.

Kolstad and Wolak (1983, 450) establish a five egquation
model of the competition between these two coal producing
states (see Table 3}. The five equations are solved

simultaneously to identify optimal coal tax policies.

Table 3. Equilibrium conditions - Kolstad and Wolak
(1983, 450).

P, = (1 + t){(a, + Byq,) + e,
P, = (1 + t)e(a, + Bprq,) + e,
Pg = 3, + bye(q, + q,) + e,

I' =c¢, +d,-p,+ n, for i = m,w
Py = p, + T, for i = m,w

where:

a, B, a, b, ¢, and d are coefficients;
e, ,, €, and n, are error terms;

= FOB price of Montana coal;

FOB price of Wyoming coal;
delivered price of coal;
transportation cost;

Montana severance tax rate;
Wyoming severance tax rate:
Quantity of Montana coal demanded;
Quantity of Wyoming coal demanded.

s’

£ B - a2 = 8

QQ etV TD

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



15

Kolstad and Wolak (1983, 451) found that, for the
simplest cartel strategy of adopting a single rate, the
optimal c¢oal severance tax rate 1is 87 percent. If
"noncooperative” conditions are assumed, revenue
maximizing, equilibrium rates would be 27 percent for
Montana and 33 percent for Wyoming. If price-leadership,
non-cooperative conditions are assumed, Montana and
Wyoming would raise tax rates to approximately 35 percent.
Kolstad and Wolak (1983, 453) also report, if standard
Cournct conditions are assumed, Montana would set rates at
57 percent and Wyoming at 67 percent. At the end of
Chapter &5, these rates will be compared to the optimal

rates developed in this thesis.

Ward

Michael Ward’'s research had a slightly different twist.
Ward (1982) analyzed the potential for Montana and Wyoming
to impact national coal production and energy prices by
extorting economic rents through the coal severance tax.
Ward did not impose any duopoly model. Instead, he used a
number of c¢cocal demand forecasts, based on different
severance tax rate scenarios, to identify possible

national impacts. In this regard, Ward’s analysis is
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similar to the approach used in the 1985 report Montana
oal Market to the Year 2000: Impacg f Severance T

Pollution Control, and Reclamation Costs (Duffield and

others 1985).

Ward’s analysis focused on the degree to which higher
taxes might reduce coal production in Montana and Wyoming
which would, in turn, reduce national production and drive
coal and energy prices up (Ward 1982). Secondly, he
analyzed what decision rules state governments use 1in
setting their severance taxes. To answer these questions,
Ward used five scenarios: "(1) reducing all severance
taxes to zero; (2) limiting all severance tax rates to
12.5 percent; (3) lowering Montana’'s severance tax to that
of Wyoming; (4) raising Wyoming’'s tax to that of Montana;
and (5) raising both Montana’s and Wyoming'’'s severance tax
to 70 percent” (Ward 1982, 37). He also analyzed the
effect of transportation costs on the state production

taxes.

Based on this analysis, Ward concluded Western tax
policies would only have minor impacts on the national
coal market. Midwestern utilities would be impacted most;
however, substitution of Eastern c¢oal mitigated a large

portion of the costs (Ward 1982, 53). Ward also found
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transportation rates are much more important than state
severance taxes to the marketability of western coal.
Even 1in the "extreme"™ c¢ase where both states raise
severance tax rates to 7@ percent, national production was
not impacted substantially. However, in this scenario
Montana and Wyoming production fell by approximately two-

thirds (Ward 1982, 47).

Table 4 shows the Montana and Wyoming coal severance tax
revenues presented in Ward’s study. Note that Montana
severance tax revenues drop when the rate is lowered.
This same result was reported in the 1985 study (Duffield
and others 1985) and is also true for the estimates
presented in Chapter 5. Revenues for both states are
maximized at a rate of 70 percent; the highest rate Ward

used.

Table 4. Ward’s Forecast of 1990 Gross Revenues from
Severance Taxes®'b,

12.5% Noutana Wyoning 18%,Both
Tar Tar Lowered Tar Raised Hontana
State Reference Liait to ¥yoming to Montana and Wyoming

Moatana 267.15 144.93 152.58 275.6@ 489.66
Wyoming 255.27 214.23 234.23 405.25 1,096.52

* Source: Ward (1982, 47).
t All data is in millions of dollars.
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Zimmerman and Alt

Zimmerman and Alt (1981, 26) analyze rates as high as
209 percent. Like Ward (1982), they do not impose a
duopoly model. Instead, optimal severance tax rates are
identified by maximizing the present discounted value of
forecasted tax revenues. Assuming cartel cooperation, the
optimal rate 1is 62.5 percent. They explain that while
this rate seems high, "when considered in terms of what
railroads have been doing, a 62.5 percent tax is not high”

(Zimmerman and Alt 1981, 20).

Like Ward (1982), Zimmerman and Alt (1981) found the
impact of raising Montana and Wyoming severance tax rates
fell on energy consumers in the Midwest. "The Eastern
regions (of the U.S.) bear almost no burden of this
optimal tax" (Zimmerman and Alt 1981, 19). A comparison
of Zimmerman and Alt’'s results and the optimal tax rates

calculated in this thesis is provided in Chapter 5.

NGP COAL DEMAND MODEL
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A spatial market model is used to forecast 1990 coal
demand. The coal demand forecasts are then used as an
empirical basis upon which optimal tax rates are
calculated. The origins of the NGP spatial market model
are described below along with a review of the models used
by Ward (1982), Kolstad and Wolak (1983), and Zimmerman

and Alt (1981).

Spatial Market Model

In 1976, the Montana University Coal Demand Study Team
forecasted demand for NGP coal from 1975 through the year
2000 (Power and others 1976). Two approaches were used to
estimate coal demand in the 1976 study. The first assumed
that NGP coal would supply "all the new demand for coal in
the market area." A simplistic spatial model of the NGP

coal market was also developed to forecast demand.

The spatial market model developed in the 1976 report
identified only two competing supply centers (see Figure
2) and did not account for coal production in the south
and southwest. Furthef, no inter-fuel substitution

algorithm was developed to account for competing energy

sources. Instead, a simplifying assumption that coal
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would maintain its share of in the energy market was made

{Power and others 1976).

Several electric demand growth scenarios were modeled in
the 1976 analysis. Three constant, annual electric growth
scenarios were modeled: 1, 3, and 5 percent. An
econometric forecast of electric demand was also developed
which included four scenarios. The key variables in the
econometric model were the real prices of electricity and
natural gas. The variables impacting electric demand
which were analyzed 1in the 1976 study include: air
pollution standards, cost effectiveness of sulfur removal,
price and availability of natural gas and petroleum, cost,
reliability and acceptability of nuclear power,
institutional constraints to the development of coal,
transportation and transmission costs, and electric

consumption demand elasticity.
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The 1976 spatial analysis was refined in 1982 with the

publication of Projections of Coal Demand from the
Northern Great Plains through the Year 2010 (Duffield and

others 1982). The 1982 NGP spatial market model
identified eight competing coal supply centers in
Illinois, New Mexico, Southwest Wyoming, Colorado, Texas,
Utah, Washington, and the NGP. This was a considerable
improvement over the 1976 study and allowed the
identification of a fully bounded spatial market (see
Figure 3). The spatial market boundaries accounted for
all costs associated with burning coal over the life of a
model coal fired generation plant. Key variables included
coal rank and gquality, plant efficiencies, FOB c¢oal
prices, and transportation costs (Duffield and others

1982).

An inter-fuel substitution algorithm was also developed
for the 1982 study. This algorithm takes the forecasted
electric demand and divides it among competing energy
sources including coal, nuclear, hydropower, oil, and gas.
This was another significant improvement over the 1976

study which assumed constant market share.
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19232 Spatial Market.
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However, The 1982 NGP spatial market model did not
identify a market boundary between Montana and Wyoming.
In 1985, under a grant from the Montana Economic
Development Council, a report analyzing the impacts of
severance taxes, air pollution control, and reclamation
costs was developed (Duffield and others 1985). This
analysis took the NGP spatial market model developed in
1982 and added a Montana-Wyoming market boundary (see

Figure 4).

With this addition, forecasts could be made for both
Montana and Wyoming Powder River coal demand. The
analysis of severance taxes estimated the impact on
Montana coal demand and tax revenues that 1, 2, 3, and 4
dollar decreases in Montana FOB prices would have.
However, the 1985 analysis presumed that Wyoming would not
react to tax changes in Montana. Three electric demand
scenarios were used to develop the forecasts: 1, 2, and 3

percent annual growth.
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The 1985 study concluded there would be steady annual
growth in Montana coal demand and a lowering of the coal
severance tax would modestly increase the demand for
Montana coal while annual severance tax revenues would

drop substantially.

The analysis presented in this thesis uses the
forecasting model developed for the 1985 report, which
incorporates the improvements that were made to the NGP
spatial market model. The key variables in the analysis
is the FOB prices of Montana and Wyoming coal. The
analysis presented in this thesis also relaxes the
assumption that Wyoming will not react to changes in
Montana’'s coal severance tax rate and develops a model to

analyze the competition between these two states.

National Coal Model

The Department of Energy’s (DOE) national coal model
{NCM) is a linear programing model of U.S. coal supply and
demand coupled with an electric utility resource decision
model (DOE 1982c). This model was used by both Kolstad
and Wolak (1983) and Ward (1982). The goal of the linear
program 1is to minimize the total cost of electricity

delivered by utilities, and the cost of coal consumed by
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the non-utility sectors (DOE 1982¢, 1). Costs include
coal mining, washing and transport, as well as electricity
transport and generation costs (Kolstad and Wolak 1983,

457).

The advantage of the NCM is that it uses a true
transportation model of coal shipments to utilities. The
NCM provides greater accuracy concerning coal shipments in
comparison to the NGP spatial model, which relies on a
air-to-rail ratio to identify transportation costs to a
given geographic area. Further, the NGP spatial market
model is based on state wide electric demand forecasts.
If a state is bisected by a market boundary, the percent
of standard metropolitan statistical areas (SMSA)
populations captured within the market are used to weight
state electric demand. The national coal model is much
more specific about how much power 1is demanded at each

node.

However, even with this greater precision, the NCM is
still only as accurate as the base assumptions concerning
electric demand growth and the use of competing fuels.
The modified version of the national coal model used by
Kolstad and Wolak (1983) greatly overestimated the demand

for Montana and Wyoming coal in 1990. Kolstad and Wolak
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(1983, 451) do not provide a table 1listing their c¢oal
demand forecasts; but their "Figure 1. Activity analysis
model™ shows forecasted (combined Montana and Wyoming)
demand for 1999 no 1lower than 250 wmillion tons and
exceeding 500 million tons at the high end. In 1989
combined Montana and Wyoming c¢oal production was 209

million tons.

Michael Ward (1982, 42) also uses DOE’'s national coal
model. Interestingly, the "Reference" case present in
Ward’s 1582 analysis is much c¢loser to actual levels of
coal demand than the forecasts made by Kolstad and Wolak.
Ward reports a forecasted demand for "West Northern Great
Plains”™ of 189.63 million tons in 199@. This suggests
that the assumptions Kolstad and Wolak make concerning
energy demand and competing energy sources may be driving
the high 1levels of forecasted demand, rather than there

being a fundamental problem with the NCM.

Zimmerman and Alt Coal Demand Model

Zimmerman and Alt (1981) also use a linear programing

model to forecast c¢oal supply and demand. One of the
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unigue features of their model is that coal production
cost 1is modeled as a function of output. As output
accumulates over time, production cost increase. The link
is a model of seam thickness which is based on 1limited
data from western Kentucky. Zimmerman and Alt (1981, 6)
identify coal shipment costs based on escalated
transportation rates. The objective function 1is to

minimize the sum of costs of mining and transportation.

A "Regional Electricity Model"” is used to forecast the
demand for energy. This model is much more sophisticated
than the wconstant annual electric growth model used in the
NGP spatial market model. The proportion of energy demand
satisfied by a particular fuel 1is based on relative
prices. The electricity model calculates an optimum
configuration of capacity given demand and cost
constraints (Zimmerman and Alt 1981, 8). Coal demand and
supply are linked by estimating some 360 supply curves and
with the demand model through linear programing technigues
{(Zimmerman and Alt 1981, 10). The linear program

minimizes cost of meeting demand on a yearly basis.
Both DOE‘s and Zimmerman and Alt’s c¢oal forecasting

models require substantial computing power and are costly

to run. The NGP spatial model has the advantage of being
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rather simple in comparison to both. Kolstad and Wolak
(1983, 456) report that the 1linear program they used
contained approximately 4,000 constraints, 25,000
variables and was solved using a CRAY 1 computer. The
computing reguirements are much smaller for the NGP
spatial market model. Further, given the sensitivity of
all of the forecasting models to assumptions concerning
electric demand growth and the use of competing fuels, the
NGP spatial market model <can provide very accurate

results.

-
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The duopoly model developed to analyze Montana and
Wyoming severance tax policies is a variant of the classic
Bertrand price duopoly model. The difference between
classic duopoly models and the Montana-Wyoming coal tax
duopoly model is the use of the c¢coal severance tax rate to
exercise market power. Cournot and Bertrand duopoly
models are formulated either in terms of direct control

over output or price, respectively.

Further, the goal of these classic models is to maximize
profit. For the Montana-Wyoming coal tax duopoly model,
the goal is to maximize coal severance tax revenues for
each state. The severance tax rate, rather than price or
gquantity, is used as the decision variable. Kolstad and
Wolak (1983, 445) also used the cocal severance tax as the
decision variable stating "it 1is our view that if tax
rates are the actual decision variables, then strategies
for setting taxes will be based on how competitors set
taxes, not on the indirectly determined ocutput levels of

competitors.”

This chapter describes the classic Cournot and Bertrand
duopoly models. Then using the same general techniques, a
Montana-Wyoming c¢oal tax duopoly model 1is developed.

Model specification where each state naively assumes the
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other will not react to a change in severance tax rates
and where one state is a "tax leader"” are analyzed. At
the end of the chapter, the spatial market model is also
described. The spatial market model is used to forecast
coal demand. A complete description of this model 1is

provided in the appendices of the thesis.

COURNOT DUOPOLY

Cournot (1838) was one of the first to describe a
duopoly model. In this classic¢c duopoly model, there are
only two producers of a homogenous product. These
producers attempt to maximize profits by controlling the

level of output produced. The Cournot model also makes
the naive assumption that each producer believes the other

will not react to a change in his own output.

A wmathematical description of the Cournot model 1is
presented below. First, the demand and revenue functions
are described. These are followed by the identification
of first order and egquilibrium c¢onditions. A linear

demand function and, constant marginal costs are assumed.
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Cournot Duopoly Model

P,(gq) = a - be+gqg

q =49 + q,

PROFIT, = (a - b+g)eq, - c-q,
where a,b,c >= 0Q;

P,(q) = Market Demand;

g, = Output of Producer 1;
q, = Output of Producer 2.

1st Order Conditions ~-- Producer 1
dProfit
—— = a = be(2+q, - q,) - ¢c = 0
dq,
(a - c) q,
ql - — ——
2+b 2
1st Order Conditions -- Producer 2
dProfit
— = a = be(2+q, - qgq,) ~¢ = 0
dq,
(a - c) q,
ql = = rva————
2+b 2
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The first order conditions describe how each producer
will react to one another (reaction functions). In order
to maximize profit, each producer not only takes into
account market demand and his production, but also the
amount produced by his competitor. An equilibrium
solution can be calculated by simultaneous substitution cof
the reaction functions. Profits will be maximized at g’

and q', output levels.

Equilibrium -- Producer 1

(a - ¢) q]
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BERTRAND DUOPOLY

The Cournot duopoly model describes a situation where
the duopolists controlled the market by changing output.
An obvious alternative is to use price as the decision
variable. This price duopoly model was first described by
Bertrand (1883). In Bertrand’'s model, each producer
assumes the other will hold price constant, regardless of
his own actions. This 1is eguivalent to the naive
assumption in the Cournot analysis where each producer
assumed the other will hold output constant. In this
example, a slight differentiation between the products of
each player is necessary for equilibrium to be achieved.

It is further assumed that marginal costs are constant.

Bertrand Duopoly Model

D,(pP) = a - beP, + c+P,
Dz(p) = a - B'Pl + p°Pz

PROFIT, = (a - b+P, + c:-P,)-P,

PROFIT, (a - B*P, + peP )P,

where a,b,c,a,B,u >= Q;
D,(p) = Demand for producer 1’'s output;
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D,(p) = Demand for producer 2’'s output;
P, = Price set by producer 1;
P, = Price set by producer 2.

As with the Cournot duopoly model, reaction functions
are calculated based on the first derivative of the profit
function and setting it equal to zero. Each producer will
change the price of their product based on both the demand
for the product and the price o0f the competing duopolist’'s

product.

1st Order Conditions -- Producer 1

dPROFIT,
———— = a -2:b+P, + c+P, = @
ap,

a + c-Pz
P, =
2+b

1st Order Conditions -- Producer 2

dPROFIT,
———— = a -2+8P, + p+B, = @
dp

H

a + peP,
PZ-__
2.8

Similar to the development of the Cournot model, coptimal

price levels are identified by simultaneous substitution
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of the two producers reaction functions. By setting
prices at P‘, and P',, profits will be maximized for each

producer and an equilibrium solution can be identified.

Equilibrium -- Producer 1

a + peP’
P', = a + co
2.8
2.b
Cop a
P',*(2¢b = —) = a + co/—/08—
2.8 2.8

2+B+a + Cex

4obop - Cepu

Equilibrium -- Producer 2

a + c-P’,

P.I- a + e
2+b

2.8
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BERTRAND PRICE LEADERSHIP

One weakness of both Cournot’s and Bertrand’s analyses
is the assumption that the c¢ompeting producer will not
react to changes in output or price. This assumption is
only true when eguilibrium is achieved. A more likely
situation would be where one ¢of the two competitors had an
advantage over the other and could afford to lead changes.
This competitive advantage can be modeled using Bertrand’'s
price duopoly model and assuming that one producer
anticipates his competitors action while the other
continues to assume the his competitor will not react. In
other words, the price leader has full knowledge of his
competitors reaction function and the price follower
continues to believe his competitor will not change price.
Mathematically, this is accomplished by substituting
Producer 2's reaction function into the Producer 1’s

profit equation, assuming Producer 1 is the price leader.

Bertrand Price Leadership Model
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PROFIT, = (a - beE + c+P,)-P,

a + peP,
PROFIT, = a - bR + co—*P,
2+B

PROFIT, = (a - B+B, + u-B )P,

1st Order and Equilibrium Condition -- Producer 1

dPROFIT, Cea 2eCeu-P,
—— a - 2.b.Pl + + - Q
ar, 2B 2+ 8
2-C-u C.a
P,«(2b - ) = a + w———
2B 2+B

18t Order Condition -- Producer 2
a + ueP,

2.8
Equilibrium -- Producer 2

2«a*B + Ce«

P', = a - u-
2¢(2+bep - cop)

2p
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2:bea + a-pu Cepca

4D+ - 2eCey  @+Be(2+b+p - Copu)

Assuming that a, b, ¢, a, B, and y are all greater than
zero, a comparison between the eguilibrium solution under
Bertrand’s classic assumptions versus the price leadership
model can be made. As expected, the price leader
{(Producer 1) increases his profits and less profits are
available to the price follower (Producer 2). This is
expected 'because there would be no point to leadership

otherwise.

Producer 1

2+fB+a + Coa 2*8+a + Cea
<
4ebep - cop Gebepf - 2ecopu
L j L J
Bertrand Price Leadership
Equilibrium Equilibrium

Producer 2

2¢:beax + a.pu 2+bea + aep Cepea

> -
Q.ﬁ.b - c.y 4oboﬁ - 2.c.p 4.ﬁo(20boﬂ - c.y)
L (] L S |
Bertrand Price Leadership Equilibrium
Equilibrium
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MONTANA-WYOMING COAL TAX DUOPOLY

The descriptions of the Cournot, Bertrand, and Bertrand
price leadership models all follow the same mathematical
construct. First, a set of assumptions on how the two
duopolists will react to each other and the demand and
revenue functions they face are postulated. Based on
these assumptions, reaction functions are derived. Then
equilibrium conditions are developed by a simultaneous

substitution of the two reaction functions.

These basic steps are now used to develop a Montana-
Wyoming coal tax duopoly model. The Bertrand model and
the price leadership model most closely resemble the coal
tax duopoly model for the obvious reason that the coal
severance tax rate directly affects the delivered price of
coal and only indirectly affects the gquantity produced.
Initially, it is assumed that the states of Montana and
Wyoming will set tax raté; based on the naive assumption
that the other state will not counter by changing its tax

rate. Once eguilibrium conditions are identified under
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this assumption, a price leadership model is developed.
It is also assumed that both Montana and Wyoming face
linear demand curves and that marginal cost is constant.
The first step 1is then mathematically describing the

demand and revenue functions.

Montana-Wyoming Coal Tax Duopoly Mcodel

= a =- b.(l-i-t")-P“ -+ c0(1+t',)op.'

ot

R = (a - be(1+t )P, + ce(1+t, )+F, ) F,

TR (1+t ,)+R, - R,, = t R

nt at | 1

= t,e(a -~ be(l+t )P, + c-(1+t'ﬂ0P'ﬂoP.‘

D,y = @ - Be(1+t,)+P,, + pe(1l+t )P,

R,y = a = B+(14t, )P, + u-(1+t )P,

(1 + %,)+R, - R, = t, -R,

t o la = Be(l+t )eP, + pe(l+t )P, ) P,

=3
>
L]

where:
Montana:

Montana coal demand;

Montana FOB price for coal;
Montana producer revenue;

Montana tax revenue;

Montana tax rate;

Constant for Montana demand (0, ):
Slope for Montana production (D, );
Slope for Wyoming production (D,,).

|
QU 00O O
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Wyoming:
D,, = Wyoming Coal demand;
P,, = Wyoming FOB price for coal;
R,, = Wyoming producer revenue;
TR,, = Wyoming tax revenue;
t,, = Wyoming tax rate;
a = Constant for Wyoming demand (0L, ):
B = Slope for Wyoming production (D,,);
u = Slope for Montana production (D,,).

Now that the demand and revenue functions are described,
first order conditions are calculated. These first order
conditions describe how each state will react to changes
in the other state’s severance tax rate. The reaction
function for Montana is developed first, followed by the

Wyoming reaction function.

First Order Conditions

Montana Reaction Function

dTR

at

=a+P_ .- b-F

L]
o

at P - 2+t ,*b-E? + C-P,,*R, + c-§, P, F,

at

2+t,,*beP,} = (a -~ beP, + Ce¢P, + Cet P, )P,

a - beP,, + c-(1+t )P,

14

2-b-P,,
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Wyoming Reaction Function

dTR,,

= asP,-B+P,,’ - 2.t my'ﬁ'Pn2 + peP Py + pet, P +P,= 0

dt,,

2ot”'ﬁ-P"1 = (a = BePy, + p-P, + pet,, -P,)-P,,

a - PPy, + ue(let )P,

vy
2-B-Py,

It is important to note that each state would consider
the other states severance tax rate when establishing its
own tax rate. Therefore, to describe the equilibrium
conditions a simultaneous substitution is needed. Again,
it is assumed that the neither duopolist has prior
knowledge on how the other state will react and will

naively assume that no action will be taken by the other

state.
Equilibrium
Montana
@ - BePyy + pe(lat, ") Ry,
a - bl toeefld JoPyy
28R 4
t. '

at

(24, )
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2epela - bePy ¢ el ) #cofa - foby b ey, ) ¢ Betg oF g

Ly e2ebed,, = .
B

Cop 2oofa = beP  t 0oy ) #Cefa - PeByt pob )

2:p 2:8

‘¢b0‘ - L Zc‘n(a - bs? .#ccP") + Cefa - ﬁoP'Y& ’oP .J
P e - .

t at
2:f 248

2epe(a - Del ¢ coly ) ¢+ cofa - fol b pel )

ty' *

Py (4ebep - cop)

Wyoming

a - beby, 4 ce(1st, )Ry,
a - p.P'y + y-( 1+ }.P.‘
2+bep ,

wy
ZIpIP"

2ebefa = BePyy ¢ peBy ) # pe(a - Dol # CoByy) + pecet’,

t','¢2u’oP" ]
2¢b

pec 2ebla = BeP oyt pol ) 4 pefa - DeP o b cof )
yy <Pyre(2:8 - '2'; ) - "

debep - pec Zobela = BePyy ¢ peP ) ¢ pefa - DeP ¢ coB )
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2+b 2+b

2ebefa ~ Pl gy ¢ ol ) ¢ prla - Dol 4 0o )

t"' =

Pype(4ebep - pec)

Now that equilibrium conditions have been identified,
the naive assumption that the states do not anticipate
their competitors actions is relaxed. The two models
presented below show the tax leadership equilibriums that
would be rachieved for Montana and Wyoming. The first set
of equations describes the Montana tax leadership model.
This is followed by a scenario where Wyoming is the tax
leader. The approach is the same as described for the
Bertrand price leadership model. The tax leader has full
knowledge of the followers reaction function and the

follower continues to assume the leader will not react.

Montana Tax Leadership

Optimal Montana Tax Rate

TRy = tyyrfa = Do(let Jod ¢ c~(1+t.,)'P")-l’"

a - BeP ¢ pe(let  JoP
TRy = tyeela = be(betyJoP g v cofl ¢ = “"P P L3
ZoﬁcP"
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TRy = by 20k, - tlt‘b.Pllz - t.“’-bol’"‘ R A SR ST D I LI U SRR D L T S ut |

1:p
TR, Coaely, - CoPel o+ Copeb B 4 2ot pcepel 2
= 2Py, - beBt - 20t sbeB T4 col o ¢ 1]
it,, 14
t‘lt'c"“Pnz (2+p(a - b.Plt+ ceP l) + cofg - Pl gyt u.?l‘}.P at
Lot 2ebely? - *

B 2:f

to a2 (2obepe = cope)  (2eB(a - BBt CoByp } +Co(a - BeBy, # peB )0

P 2:p

2epe(a = el ¢ ol ) # Cofa = Boy + pob

at

2-'-‘-(20b0’ - c-"

The eguilibrium tax rate for the tax follower, Wyoming,
is derived by substituting the optimal tax rate for

Montana into the Wyoming reaction function.

Optimal Wyoming Tax Rate

@ - BePyy + pellety, ) R,

z;‘cP"

Lty ®
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200(a - beP, + CoPyy) + Cofa = BeByyt peB )
8 - feByy + pells bebyy
ZQP.tc(Zab-ﬂ - c.r)

vy
2|F-P"

2o(2ehep - coplele - ooy # poByy) # pe(2ofo(a - boRy ¥ o o) # cofa - ol + gl ))
t"' =

'o'c’.to(2|bo’ - c.',

The egquations below depict a scenario where Wyoming is
the tax leader and Montana is the follower. Again, the

same approach is used to identify optimal tax strategies.

Tax Leadership Wyoming

Optimal Wyoming Tax Rate

Ryy* t"-(a - ﬂ*(lﬂ:.}-? R T8 TR 20 T LI S L)

@ - beP g vee(l vt )by,
TRy = typefa - Be(let Job o ¢ pe(l ¢ 3 S L)
2¢bep

nt

CugBeBype(a - bebyyt 0o (b ot 0By,
TRy = 4y 0efy - t“.’.p"z - t"l.p.pnl AT A A P,

2«b
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iRy, BeaoByy - pobeBgoP b pecel 4 2ot pcepek I,
saPyy = BeByyt - 20t aBeR ot ¢ pely, oByy b =9

dt,, 2:b

2oty Behyyd < L GERE by (2ol - BBy ¢ R Bl - by b Cyy))olyy

b 2+b

ey Pyt (20b = Cop) = (20bela = BoByy+ poB o) + ofa = beP g # B )R o

b 2sb

2ebofa - feB b peB ) + po(a - beP  + cok )

t,,’
2By, (2:peb - o)

The eguilibrium tax rate for the tax follower, Montana,
is derived by substituting the optimal Wyoming tax
strategy into the Montana reaction func¢tion.

Optimal Montana Tax Rate

a - beby, #ce(lrt, )by,

2¢bep

Tobela = PeByy + peB ) # pe(a - beB, + coB,)
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a - beb,, +cefls }ePyy

t.' * Z'P"'(z‘ﬂ'b - c;y)

2¢beP

at

20(20pob - cop)o(a - bePy, + CoBy ) # Co{2ebo(a - Pol, + poP ) # pefa - Dol ¢ Coly )}

ut

‘cbo'.t . (ZQ'Ob - cc'}

This concludes the development of the Montana-Wyoming
tax duopoly model. The optimal tax strategies identified
in this chapter, both equilibrium and tax 1leadership
scenarios, are used to identify optimal tax rates in

Chapter 4.

SPATIAL MARKET MODEL

In order to estimate optimal tax rates, a spatial market
model is used to forecasts 1990 coal demand. These demand
forecasts are then use in a regression analysis to specify
Montana and Wyoming coal demand functions. The parameters
are then substituted into the optimal tax strategies
developed above. The remaining portion of this chapter

describes the central core of the spatial market model. A
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full description of the spatial market model is provided

in the appendices.

The spatial market model is used to distribute the
forecasted demand for new c¢ocal production among the
competing coal supply centers. These competing supply
centers are located in Colorado, Illinois, New Mexico,
Texas, Washington, Utah, South West Wyoming, Montana, and
Eastern Wyoming. While this study 1is focused on the
competition between Montana and Wyoming coal production,
the other six supply centers must be accounted for so that
completely bounded spacial markets can be generated. This
is an important point, because there is a basic assumption
made in the modeling that the producers in these other
states will not react to price changes of Montana and

Wyoming coal supplies.

The spacial wmarket model calculates market boundaries
between each of the competing coal supply centers. These
boundaries are defined by points where the cost of using
coal from one supply center equals the costs of using coal
from the competing supply center. A simplistic model of
the c¢oal boundaries, described in Campbell and Hwang
(1978), is shown by the following equilibrium

relationship:
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(1) M, + T, D,=M,+ T, D,

(2) D, = (M, - M,)/T, + T, D/T,

(3) D, = k + h D,

Where:
M, = the cost of using coal from supply center A;
M, = the cost of using coal from supply center B;

D, = the distance from supply center A to the market
boundary;

D, = the distance from supply center B to the market
boundary;

k = (M, - M,}/Ty;

h = T,/T,;

T = variable cost of transportation.

¢

By identifying the distance between the two competing

coal supply centers, a spacial constraint to the market is

applied. A market boundary can then be generated using
the Euclidian distance function. Egquation 3 then becomes:
(4) (h=-x)! + y? = k? + 2 h k (x&y!)} + h? (x? + y?)

Where h = distance between competing centers; and
y and x are rectangular coordinates.

Figure 5 shows this relationship. However, the model
described by Campbell and Hwang (1978) did not take into
account other costs associated with using c¢oal from the
various supply centers. While the distance relationship
remains the center of the spacial market model, all costs

must be accounted for before the market boundaries can be
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defined. The variables used to describe this relationship
are presented in Table 5. The values for these variables,

used for the forecasts are presented in Appendix A.
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Once the market boundaries are identified, the spatial
market model must determine the 1level of coal demand
within the spatial market area. This is a fairly straight
foreword process of summing the coal demand for each state
in the market area. The inter-fuel substitution algorithm
provides these estimates of state coal demand. However,
when a state is bisected by a market boundary, the state-
wide total must also be divided. To do this, SMSA
locations and populations are identified (U.S. Department
of Commerce 1979). The population of the SMSAs captured
within the market boundaries are summed. The sum is
divided by the total state SMSA population. This ratio is
then used to weight the total state coal demand and
determine the proportion of the statewide coal demand

captured with in the spatial market.
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Table 5. Variable Description®.
Line Coal Supply Description
# Center®
1 A & B Power Plant Size (net MW)
2 A & B Hours Operated at Full Load (hours)
3 A Power Plant Heat Rate (Btu/KWH)
4 A Coal Heat Content (Btu/lb)
5 B Power Plant Heat Rate (Btu/KWH)
6 B Coal Heat Content (Btu/lb)
7 A Power Plant Capital Cost ($/KW)
8 B Power Plant Capital Cost (S/KW)
9 A & B Fixed Charge Rate (decimal)
10 A Operating and Maintenance Costs (S/KWH)
11 B Operating and Maintenance Costs (S$S/KWH)
12 A FOB Mine Price (S$/ton)
13 B FOB Mine Price ($/ton)
14 A Fixed Transportation Cost (S$/ton)
15 B Fixed Transportation Cost ($/ton)
lé6 A Variable Transportation Costs
(S/7ton-air mile)
17 B Variable Transportation Costs
(S/ton-air mile)
ig A& B Straight Line Distance Between A & B
(miles)
* Source: Duffield and others (1985, III-8).
P A = Either the Montana or Wyoming Supply Center; B = The

market competitor of A; one of seven possible coal supply
centers.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER 4

EMPIRICAL ANALYSIS

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



59

In this chapter, optimal severance tax rates are
estimated using the duopoly model developed in the
previous chapter and coal demand forecasts generated by
the spatial market model. The concept 1is relatively
straight forward. The spatial market model is used to
forecast coal production for severance tax rates ranging
from @ to 120 percent in each state. As in Kolstad and
Wolak’s 1983 analysis, the production forecasts provide
the base data upon which Montana and Wyoming demand
equations are estimated. This is done by regressing the
production forecasts on the corresponding prices of
Montana and Wyoming coal. The regression estimates are
then substituted into the tax strategies developed in the
previous chapter and optimal severance tax rates are

calculated.

Table 6 and 7 present Montana and Wyoming <coal
production forecasts. In each table, Wyoming coal
severance tax rates increase as you move to the right and
are listed across the top. Montana c¢oal severance tax
rates increase as you move down the table and are listed
along the left side. It is important to note that this is
"new"” coal production and does not include coal production
that is currently under contract. There is insufficient

data, specifically concerning Wyoming coal contracts, to
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conduct an in depth analysis which includes current

production contracts.

These tables reflect the effect of the severance tax
rate on the demand for each states coal. As expected, the
demand for Montana and Wyoming coal decreases as the
severance tax for that state 1s increased. The converse,
where demand increases when the tax for the other states
coal increases, is strongly reflected in the Montana

forecasts but is almost absent in the Wyoming forecasts.
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Table 6. New Montana Coal Production in 1990.

WT Tax Q@ 10 20 30 40 50 60 70 8@ S0 100 110 120
({Millions of Tons)

MT @ 12 12 13 13 13 13 14 16 18 18 18 18 18

Tax 16 12 12 12 13 13 13 13 13 14 18 18 18 18

2012 12 12 12 13 13 13 13 13 14 18 18 18
3¢ 11 11 11 11 12 13 12 12 12 12 14 14 14
42 106 11 11 11 11 12 11 12 12 12 12 12 12
50 8 9 9 9 9 11 9 10 10 10 10 10 10
60 3 9 9 9 9 9 9 9 10 10 10 10 10
70 3 9 9 9 9 9 9 9 9 10 10 10 10
g8e 2 9 9 9 9 9 9 9 9 9 9 9 9
%@ 2 6 6 6 6 9 6 6 6 6 6 6 6
100 2 2 2 2 2 6 2 2 2 2 2 2 2
110 2 2 2 2 2 2 2 2 2 2 2 2 2
120 2 2 2 2 2 2 2 2 2 2 2 2 2

Table 7. New Wyoming Coal Production in 1990.

WY Tax @ 12 20 30 40 50 60 70 80 99 100 110 120
(Millions of Tons)

MT © 18 18 18 18 18 18 18 16 16 8 5 10
Tax 1¢ 18 18 18 18 18 18 18 17 17 12 9 S
20 18 18 18 18 18 18 18 17 17 12 10 9

30 18 18 18 18 18 18 18 17 17 12 10 1o

49 18 18 18 18 18 18 18 17 17 12 10 10

506 18 18 18 18 18 18 18 17 17 12 10 10

60 18 18 18 18 18 18 18 17 17 12 10 10

70 18 18 18 18 18 18 18 17 17 12 1@ 10

g0 18 18 18 18 18 18 18 17 17 12 10 10

99 18 18 18 18 18 18 18 17 17 12 10 1o

1006 18 18 18 18 18 18 18 17 17 12 10 10
1106 18 18 18 18 18 18 18 17 17 12 1@ 10
120 18 18 18 18 18 18 18 17 17 12 10 10

WOWYOVYOVYOVOVOOWUV Y
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Contained in tables 6 and 7 are 169 (13-13) coal
production forecasts for each state. These forecasts are
used in the regression analysis to estimate the linear
demand functions listed below. Coal demand is the
dependant variable and the Montana and Wyoming tax rates
are the independent variables. The contract sales price
for each state is used for price variables P,, and P,, in

the equations shown below.

REGRESSION ESTIMATES

Demand Egquations

D = a - be(1l+t,,)-P,, + c'(l"'t-y)'Pn

nt

Dyy = a - Be(1+t, )P, + pe(l+t,) P,

OLS Estimates

D = 23.38 - 1.55(1+t,,)+7.47 + 0.46-(1+t")-5.37
(1.58) (0.04) (0.06) R!=@.89
SE SE SE

at

D,y = 28.13 - 1.61+(1+t,)+5.37 + 0.08+(1+t,,)}-7.47

(2.12) (e.08) (0.06) R'=0.70
SE SE SE
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OPTIMAL TAX RATES

The next step in the analysis is to use the coal demand
forecasts and the tax strategies to compute optimal tax
rates. Optimal tax rates are calculated using the
regression estimates listed in the demand equations above.
This is done by substituting the regression estimates into
the optimal tax strategies derived in Chapter 4&. Optimal
tax rates are calculated for equilibrium and tax

leadership scenarios.

Equilibrium Conditions

Optimal Tax Strategies

ZOFO(a - b'Plt + CCP'!) + c‘(d - ﬂop"f y.P .',

at

Paos(debep - cop)

Z'b‘(ﬁ - "P" ¥ F‘Plt ) + po{a - bcg' + C‘P")

Pyye(debep - pec)

Optimal Tax Rates

2¢1,61+(23.38 - 1.55¢7.47 + 9.46:5.37) + 0.46+(28.13 - 1.61:5.37 + 0.08+7.47})
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t‘-t. *
AT+ (4+1.55:1.61 - 0.46+0.08)
6, s N
201.554(28.13 - 1.615.37 + 0.08:7.47) + 0.08+{23.38 - 1.55:7.47 + 0.46+5.37)
L.
Y §.37¢(4+1.55¢1.61 - 0.08+0.46)
t* =119

The optimum tax rates identified above are based on the
naive assumption that each producer will not react to a
change in the other states severance tax rate. This
assumption is now relaxed and optimal tax rates for two
price leadership scenarios are presented. First, optimal
tax rates are identified where Montana 1is the price
leader. This is followed by an analysis of optimal tax

rates where Wyoming is the price leader.

Montana Price Leadership

Optimal Tax Strategies

2efe(a - bob , + CoBy, ) # Cofa - PRyt pef at!

Z-P.‘ n(an-p - c.p)
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20(20bep - cop)e(o - PRyt Ry ) ¢ pe(2epela - bePy k0B ) 4 cola - BeByy b peRy,))

t.,' =

‘cpoP"c(zlbt’ - co")

Optimal Tax Rates

201.61¢(23.38 - 1.55¢7.47 + 9.46.5.37) + 0,46+(28.13 - 1.615.37 + 0.087.47)

1
247.47+(241.55¢1.61 - 0.46.0.08)

L, = 015

20(201.55¢1.61-0.460.08)(28.13-1.615.37+08.087,47)+0.08+(2¢1.61+(23.38-1.55.7.47
+0.4645.37)40.46+(28.13-1.61+5,37+0.08+7.47))

vy
401.6105.37+{2:1.55:1.61 - 9.46+0.98)

t,,’ = 1.19

Wyoming Tax Leadership

Optimal Tax Strategies

20bo(¢ - ’nP" + F-P.‘, + ,0‘3 - b-P..0 COP',’

t',' .

208, (2:psb - ¢op)

20(20Beb - cople(a - beP,, + CoByy) # Co(20bo{a - PeBy + peP ) ¢ pefad - beR 4 ceBy )

b *

‘abcP-‘o‘ZQFob - c-p,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



66

Optimal Tax Rates

201.55¢(28.13 - 1.61+5.37 + 0.€8+7.47) + 0.08+(23,38 - 1.55¢7.47 + 0.46.5.37}

t“' s
265.37¢(2¢1.6141.55 - 0.4649,08)

t,, = 1.19

2¢(2¢1.61¢1.55+0,4640.08)¢(23.38-1,55¢7,47+0.46+5,37)+0,46+(241.55+(28.13-1.61.5.37
+0.0847.47)+0.08+(23,38-1,55:7.47+0.46.5.37))

byt ©

4+1,557.47+(21.61¢1,55-0.46.0.08)

ty, =0T

Table 8 summarizes the optimal tax rates calculated

above.

Table 8. Optimal Tax Rates.

Montana Wyoming

Egquilibrium 74 % 119 %
Montana Price Leadership 75 % 119 %
Wyoming Price Leadership 74 % 119 %
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Matrix Analysis

A simple matrix analysis is presented as a cross-check
to the regression analysis. The coal production forecasts
presented in tables 6 and 7 can easily be converted to
state tax revenue forecasts by multiplying the production
level by the corresponding price and severance tax rate.
Table 9 presents the corresponding prices and tax rates
for both states. Tables 10 and 11 present the resulting
tax reveﬂue forecasts. Optimal severance tax rates can be

identified by inspection, as discussed below.

Table 9. Price and Tax Rates.

Tax Montana Wyoming
Rate FOB FOB
o 7.47 5.37
10 8.22 5.91
20 8.96 6.44
30 9.71 6.98
40 10.46 7.52
50 11.21 8.06
60 11.95 8.59
70 12.70 9.13
80 13.45 9.67
90 14.19 10.20
100 14.94 10.74
110 15.96 11.27
120 16.43 11.81
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WY Tar (3) @

L) S
fax 10
(t) 2
»
0
5
60
10
8
9%
160
110
120

Table 11.

0.00

9.00
16.39
.64
29.90
29.92
13.4
15.69
11.96
13.4
14.94
16.98
17.92

WY Tax (3) @

r 9
Tax 10
{3} 20
k'
#
50
60
T8
)
9%
100
110
120
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0.%0
0.%0
0.%0
0.9
0.00
0.90
0.%
0.%0
0.80
0.00
0.60
6.00
¢.00

Montana Tax Revenue Forecasts.
{New Coal Production)

10

0.00

.90
17.88
.64
32.89
33.66
®.32
41.01
§3.82
0.2
14.94
16.98
17.92

¥

0.00

9.0¢
17.88
24.64
32.89
33.66
9.2
.9
§3.82
0.2
14.94
16.98
17.92

3

6.00

9.75
17.88
2464
2.8
33.66
40.32
41.97
§3.82
40.32
14.94
16.98
1.9

0.00

9.75
19.37
26.88
2.8
33.66
§0.32
4.07
53.82
$#.32
14.94
16.98
17.92

60

(willion §)

0.0

9.75
18.37
29.12
35.88
.14
@.2
41.01
53.82
60.48
.82
16.98
17.92

0.00

9.7%
19.97
26.88
32.99
33.66
40.32
1.0
53.82
0.2
14.94
16.98
17.92

10

0.%¢

9.75
19.37
26.88
35.88
KN
40.32
41.07
53.82
49.32
1.9
16.98
17.92

0.00
10.50
19.37
26.88
35.88
N6
.90
0.0
33.82
0.3
.94
16.98
1.92

0.0¢
13.9%
20.86
26.88
35.88
iL.u
44.80
52,30
§3.82
4.2
14.94
16.98
17.92

Wyoming Tax Revenue Forecasts.
(Wew Coal Production)

18

8.72
.1
.M
.12
9.12
.72
.7
$.712
.
.1
.12
I.n
.n

2

19.26
19.26
19.26
19.26
19.26
19.26
19.26
19.26
19.26
19.26
19.26
19.26
19.26

3

28.98
28.98
28.98
28.98
28.98
28.98
28.98
28.98
28.98
28.98
28.98
28.98
28.98

4

8.7
8.7
8.70
3.7
38.70
38.70
8.7
38.70
38.7
38.79
BN
38.79
8.7

60

(aillion §)

48.42
8.4
8.4
8.4
48.42
8.4
8.4
48.42
8.8
48.42
48.42
48.42
8.4

-

§7.96
§7.96
§7.9¢
§7.9¢
57.9
57.96
§7.96
§7.96
§7.96
§7.96
57.96
§1.96
§7.96

10

69.16
63.92
63.92
63.92
63.92
63.92
63.92
63.92
63.92
63.92
63.92
63.92
63.92

89

68.50
13.10
13.10
13.10
13.10
13.18
n.1e
.10
1.1
.10
.19
13.18
13.18

9%

38.64
§7.96
57.96
57.96
57.96
§7.96
57.96
§7.9
57.96
§7.96
§7.96
§7.96
§7.96

0.0¢
13.5¢
26.82
1.3
35.88
3.6
44.90
5.9
53.82
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1.9
16.98
17.92
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26.85
48.33
§3.70
3.7
53.70
53.70
53.70
53.7¢
53.70
§3.70
53.70
53.7¢
§3.7¢
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0.60
13.5%
26.82
31.36
35.88
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44.00
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§3.82
40.32
14.94
16.98
11.92
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5§3.00
29.50
§3.10
59.00
59.00
59.00
§9.00
59.00
59.00
59.00
59.00
59.00
59.00
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0.00
13.5
26.82
31.36
35.88
7.0
44.80
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.94
16.98
17.92
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§7.96
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3.2
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57.96
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§7.96
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§7.96
§7.9
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In Table 16, Montana tax revenues are maximized at a
rate of 80 percent for all c¢olumns except where the
Wyoming tax rate 1s zero. In Table 11, Wyoming tax
revenues are maximized at a rate of 80 percent in every
colunmn. This would suggest that Wyoming, 1if it were
trying to maximize coal severance tax revenues, would set
the tax rate at 80 percent. Montana in response would

also set the tax rate at 80 percent.

The optimal Montana severance tax rate shown in Table 10
compares favorably with the duopoly model results
discussed above. However, the 80 percent rate for Wyoming
differs by 40 percentage points when compared to the
duopoly model results. This suggests that the regression
analysis may be over estimating the optimal severance tax

rate.

The matrix analysis provides a rather simple solution in
this case. However, this is not always the case. If the
combinations were arranged in a more complex fashion, the
solution could not be identified by inspection but would
require the development of optimal solutions using matrix
analysis techniques. Further, the imposition of the
duopoly model provides a method to analyze both the

equilibrium and leadership scenarios.
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Thus far, this thesis has provided a literature review,
developed a theoretical model to analyze Montana and
Wyoming c¢oal tax policies, and provided estimates of
optimal severance tax rates. The analysis now becomes one
of interpretation. Built into the Montana-Wyoming coal
severance tax duopoly model and the spatial market model
are a number of assumptions. These assumptions simplify
the issues surrounding Montana and Wyoming severance tax
policies and focuses the discussion on how changes in the
severance tax rate impact coal tax revenues. In reality,

the issues are not simple.

The impact of the major assumptions on the results will
be discussed in this chapter. Further, the results of
Kolstad and Wolak (1983), Ward (1982), and Zimmerman and
Alt (1981) are compared to the optimal rates derived in
this thesis. At the end of this chapter, a discussion of
the major conclusions that can be reached from this

analysis is presented.

REVIEW OF ASSUMPTIONS

The assumption that each state wants to maximize

severance tax revenues underlies the entire analysis.
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Clearly, this is a considerable simplification of reality.
The fact that both Montana and Wyoming have recently
reduced severance tax rates suggests that other
considerations are more important to policy makers. On
the other hand, the analysis presented in this thesis is
still important. Often the discussion of setting
severance tax rates is clouded by contradicting reports
from proponents and opponents of higher severance tax
rates. An objective economic¢ study should provide a basis
upon which policy makers can gauge the impact of other
considerations such as overall tax revenues, employment,
the health of the coal industry, and energy policy, among

others.

Another important point that must be recognized is that
the analysis is based on the change in demand for "new"”
production not total production. As discussed in the
previous chapter, existing coal contracts are not analyzed
because of insufficient data on current contracts. To the
extent that c¢oal production under existing contracts
changes because of changes in the severance tax rate,
optimal rates may change. However, the consistency of the
optimal rates calculated in this thesis, as compared to
other analyses of optimal coal tax rates, suggests that

using the growth in Montana and Wyoming coal demand does
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provide accurate results (see "COMPARISON WITH OTHER

STUDIES", below).

The use of linear demand curves also influences the
results of the model. Because of the concentration of
coal fired generation plants in given geographical areas,
such as the Minneapolis area, the demand function may
actually have breaks where, if the tax rate exceeds a
certain rate, demand falls dramatically. Figure 6 shows a
graph of one column of data presented in Table 6. This
column of data reflects the change in demand if Wyoming
were to ‘hold their severance tax rate at 1@ percent.
Notice the breaks hetween 40 and 5@ percent, 80 and 90
percent, and 90 and 10Q percent. Once the rate exceeds 90
percent, the only remaining increase in demand for Montana
coal 1is by the coal generation facilities 1located in

Montana.
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Figure 6. Montana Ccal Demand When Wyoming Severance Tax
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Severance tax revenues are not the only tax revenues the
state receives from the coal industry. Both Montana and
Wyoming have income taxes and coal company employees pay a
portion of these taxes. Raising the severance tax rate
will increase severance tax revenues up to the optimum.
However, if coal workers are laid off because of declining
coal production, income tax revenues will fall. If the
gocal 1is to maximize overall state tax revenues, the
optimum severance tax rate will probably be smaller due to
declining income tax collections at high severance tax
rates. However, the importance of this factor should be
relatively small given the few number of coal workers that
are employed in the industry. Zimmerman and Alt (1981,
17) did analyze wage income and the associated taxes and
found that the optimal rate of 62.5 percent for each state

was not sensitive to wage incomnme.

Another simplifying assumption is that all other coal
producing states and the railroad companies would not
react to changes in Montana and Wyoming coal severance tax
policies,. To the extent that other coal producing states
would react by changing their own tax rates, optimal

Montana and Wyoming severance tax rates would be reduced.
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The railroads may have the strongest market power of all
of the potential market participants. In Montana there is
only one carrier, BN. In Wyoming, there are two. These
railroad companies are regulated and, to the extent that
this is effective in controlling cartel actions,
regulations would 1limit the exercise of market power.
However, Zimmerman and Alt (1981, 20) did analyze the
economic rents that these railroads extract and state that
"when considered in terms of what the railroads have been

doing, a 62.5% (severance) tax in not high."

It is also implicitly assumed that the total increase in
severance taxes 1s passed on to the electric companies.
This would not be the case. With constricting markets,
some portion of the tax increase would be taken up by the
producers and the rail companies in order to maintain
market share. These actions would tend to push the
optimal rate higher because the consumers of Montana coal

would not feel the full impact of tax increase,

The marginal cost of producing coal is assumed to be
constant. Because of economies of scale, reduced
production would tend to drive up variable costs. This
would mean that production may fall off faster than

otherwise. On the other hand, strip mine operations are

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



77
very capital intensive regquiring 1large and expensive
egquipment. These costs are largely fixed costs and would

tend to outweigh the effect of rising variable costs.

The above discussion is presented in order to provide
some perspective concerning the accuracy of the optimal
tax estimates. A comparison of the results Montana coal
duopoly model and the three other reports that are the
subject of Chapter 2 1is presented below. At the end of
this chapter, the general conclusions that can be reached

are stated.

COMPARISON WITH OTHER STUDIES

Table 12 shows the optimal tax rates developed in this
chapter and the optimal rates calculated by Kolstad and
Wolak (1983), Ward (1982), and Zimmerman and Alt (1981).
Because the analysis presented in this thesis most closely
followed the Kolstad and Wolak methodology there are
comparable rates for all four categories 1listed. The
fourth category, Simple Cartel Rate, needs some
explanation. The Chapter 4 result listed for the Simple
Cartel Rate category is taken from the matrix analysis

presented at the end of that chapter. This number was
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chosen because it is more comparable to the methods used
to identify optimal rates in Ward (1981) and Zimmerman and
Alt (1981). As stated in Chapter 2, Ward (1981) and
Zimmerman and Alt (1981) did not develop a duopoly model
to identify optimal rates. These reports approached the
problem by estimating potential tax revenues under a
number of different severance tax scenarios and
identifying the scenario returning the highest revenue.
The simple matrix analysis presented at the end of Chapter

4 takes this same approach.

Kolstad and Wolak (1983) do not present an optimal tax
rate calculated in this manner. Instead, they present a
"collusion” scenario where the optimal tax rate maximizes
the combined severance tax revenues of Montana and
Wyoming. This is the number shown in the Simple Cartel

Rate category for Kolstad and Wolak (1983).
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Table 12. Comparison of Optimal Severance Tax Rates.

Iinmernao

Duopoly Chapter ¢ Kolstad asd Ward  aod Alt
Assumptiocn Results Wolak (1983) {1982) {1981)
Equilibriun

Montana T4 % 27 -- --

Wyoming 119 33 -- --
Montaoa Leadership

Kontana 75 35 -- .-

Wyoning 119 35 - --
Wyoming Leadership

Montana 14 5 - --

Wycaing ! 119 35 -- ..
Simple Cartel Rate

Both States 8¢ 87 7 62.5

CONCLUSIONS

The optimal coal rates identified in this thesis and the
other studies suggest that either state would maximize
revenues at much higher rates than are currently charged.
The rates that are calculated for Montana and Wyoming are
stable and do not vary significantly with any of the
duopoly model assumptions. The simple matrix approach
does differ from the results using the more sophisticated
duopoly model approach. This may suggest that for the

Wyoming optimal tax rate the duopoly model is
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overestimating the rate. This may reflect the use of a

linear demand curve.

Even 1f rates as high as 74 percent in Montana and 119
percent in Wyoming are never adopted, it 1is clear that
increasing severance tax rates from current levels will
result in increasing severance tax revenues and cutting
the severance tax rates in Montana and Wyoming will lead
to tax revenue reductions. This can be seen more clearly

by inspecting figures 7 and 8.

Figures 7 and 8 show Montana and Wyoming tax revenues
for a range of severance tax rates. These figures are
simply a graphical representation of the tax revenue
functions and empirical data presented in Chapter 4.
Moving left to right along the x-axis of Figure 7, the
Montana severance tax rate increases from @ to 1590
percent. The family of curves represent Montana severance
tax revenues for six different Wyoming severance tax rates
(e, 25, 5@, 7%, 100, and 125 percent). Moving left to
right along the x-axis of Figure 8, the Wyoming severance
tax rate increases from O to 200 percent. The family of
curves represent Wyoming / severance tax revenues for six
different Montana severance tax rates (@, 25, 5@, 75, 100,

and 125 percent).
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Figure 7. Montana Tax Revenues.
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Figure 8. Wyoming Tax Revenues.
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If coal production and the health of the coal industry
is considered, then the relatively high optimal severance
tax rates would be of concern. At the optimal rates,
Montana would lose 3 to 6 tons of forecasted new
production and Wyoming would 1lose 9 tons, compared to
forecasted production 1levels at current severance tax
rates. These are significant declines in the amount of
new c¢oal demand that producers in Montana and Wyoming

would lose.

Another consideration that must be taken into account is
that as the severance tax rises and demand for NGP coal is
reduced, a larger and larger share of the severance tax is
paid by electric consumers in Montana and Wyoming. This
is another factor that would that would put downward
pressure on optimal severance tax rates. However,
Zimmerman and Alt (1981) found that even at high rates,
out of state energy consumers still pay most of the tax.
This 1is because a large portion of the electricity
produced by coal fired generation in Montana and Wyoning

is exported to other western states.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



APPENDIX A

SPATIAL MARKET MODEL

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



85

The demand for Montana and Wyoming coal is a derived
demand generated by the demand for electricity.
Approximately ninety-five percent of the coal sold from
Montana and Wyoming is used to generate electricity (DOE
1988a, 20). In the energy market, Montana and Wyoming
Powder River c¢oal producers compete against the coal
producing regions of Colorado, 1Illinois, New Mexico,
Washington, Texas, Utah, and South West Wyoming (Duffield
and others 1982). Coal also competes with alternative
fuels and power sources including nuclear, hydroelectric,

0oil, and natural gas.

Coal demand forecasts are made by forecasting future
electric demand, calculating the portion of this demand
supplied by coal, and estimating the share of this market
supplied by Montana and Wyoming. The electric demand
forecasting model is used to predict 1990 energy demand
for each state in the potential NGP market area. A
constant, annual electric growth rate of two percent is

assumed.

An inter-fuel substitution algorithm is used to identify
the proportion of this forecasted electric demand which
will be supplied by coal. The approach 1is relatively

simple. Forecasts of nuclear, hydroelectric, gas, and oil
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generated electricity are subtracted from the forecasted
demand for electricity. Then the amount of electricity
currently generated by coal-fired plants is subtracted.
The residual represents the portion of electric demand
forecasted to be supplied by new coal-fired generation.
This forecast of the demand for new ccal-fired generation
(GWh) for each state is then converted to a demand for

¢oal, in tons.

Nine competing coal supply regions are identified in the
spatial market model : Illinois, New Mexico, southwest
Wyoming, Co¢lorado, Texas, Utah, Washington, Montana, and
Eastern Wyoming. Geographical market boundaries between
competing coal supply regions are calculated. When all
nine supply c¢enters are used, fully bounded spatial
markets can be identified for both Montana and Wyoming.
Within these market areas, coal from the producing state
is the least cost source fuel for coal-fired generation
plants. The end result is a forecast of new coal demand
for Montana and Wyoming Powder River c¢oal. (Appendix B
contains a description of all of the computer programs
needed to make the coal demand forecasts. Appendix C
provides a line listing of the Fortran program
"NEWHYP.FOR". This progr%m calculates the spacial market

boundaries. )
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ELECTRIC DEMAND FORECASTS

A forecast of 1990 electric demand is made for each
state in the potential NGP coal market, based on a two
percent constant annual electric growth rate (see Table
15). The two percent growth rate c¢orresponds to the
"median" forecast used in Montana Coal Market to the Year

2000: Impact of Severance Tax, Air Pollution Control and

Reclamation Costs (Duffield and others 1985). As it turns
out, a two percent electric growth rate is also supported
by c¢urrent trends. Energy demand increased by an average
annual rate of 2.02 percent between 1983 and 1987. Tables
13 and 14 present actual electric generation for these two

years.
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Table 13. Net Electric Energy Generation in 1983, by
Source.?®

State All Fuel Coal Nuclear Hydro Petroleum Gas
(Fired (Fired
Steam) Steam)
(Gigawatt-hours)
Iowa 22,253 18,734 2,309 918 47 161
Kansas 23,773 19,592 o 6 198 3,410
Minnesota 29,971 17,054 11,753 929 24 180
Montana 15,097 3,452 ") 11,561 10 32
Nebraska 17,052 9,471 6,082 1,346 33 77
North Dakota 19,601 17,182 o 2,377 42 o
Oklahoma 45,711 19,575 o 2,500 13 22,616
South Dakota 7,779 2,274 o 5,494 5 1
Wisconsin 39,348 27393 9299 2298 93 133
Arkansas 30,073 16,042 7,646 3,315 46 3,016
Colorado 25,225 22,243 748 1,870 54 291
Idaho 12,772 o ] 12,771 o o
Illinois 99,160 66,908 28,021 117 3,095 736
Michigan 70,911 52,016 16,383 1,113 639 618
Missouri 52,705 50,596 o 1,716 118 138
Wyoming 26,258 25,054 ] 1,150 41 12
Louisiana 37,042 8,378 o (%) 352 28,295
Oregon 49,180 443 3,685 45,049 8 o
Texas 206,214 87,488 %) 1,107 1,964 111,905
Washington 95,099 6,111 3,494 85,435 9 o
Indiana 70,863 70,004 7 418 177 224

996,087 540,010 89,420 181,490 6,968 171,845

8 Source: DOE 1984Db
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Table 14. Net Electric Energy Generation in 1987, by
Source. *

State All Fuel Coal Nuclear Hydro Petroleum Gas
{Fired (Fired
Steam) Steam)
(Gigawatt-hours)
Towa 25,549 21,704 2,523 970 39 194
Kansas 30,822 23,075 6,471 48 948
Minnesota 34,406 21,627 11,554 9 26 410
Montana 20,884 11,836 %] 720 16 57
Nebraska 20,489 10,153 8,489 8,928 43 117
North Dakota 22,620 20,618 (%] 1,982 19 2
Oklahoma 42,737 21,089 7] 2,948 25 16,199
South Dakota 6,265 905 1] 5,3%4 2 2
Wisconsin 44,030 31032 11311 1319 58 110
Arkansas 36,287 19,373 11,369 2,407 5 3,131
Colorado 28,810 26,192 174 1,818 16 599
Idaho 8,108 ] 7] 8,105 o Q
Illinois 109,887 57,933 50,1594 9% 1,445 144
Michigan 87,035 71,135 14,389 364 694 360
Missouri 55,087 47,170 6,284 1,447 71 51
Wyoming 37,370 36,535 o 768 59 9
Louisiana 51,309 15,102 12,324 (%] 60 23,820
Oregon 39,739 Q 4,348 35,431 o ]
Texas 212,620 106,405 ] 2,158 540 106,665
Washington 83,756 8,166 5,528 69,698 5 o
Indiana 78,575 77,620 (%] 507 92

1,076,382 627,670 144,958 145,020 3,171 146,908

' Source: DOE 1988a.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table 15. Net Electric Demand in 1983, 1987, and 1590.

State Net Electric Generation
(Gigawatt-hours)
1983° 1987 1990°

Iowa 22,253 25,549 25,562
Kansas 23,773 30,822 27,308
Minnesota 29,971 34,406 34,427
Montana 15,097 20,884 17,342
Nebraska 17,052 20,489 19,587
North Dakota 19,601 22,620 22,518
Oklahoma 45,711 42,737 52,508
South Dakota 7,779 6,265 8,936
Wisconsin 39,348 44,030 45,198
Arkansas 30,073 36,287 34,544
Colorado 25,225 28,810 28,976
Idaho 12,772 8,105 14,671
Illinois 99,160 109,887 113,904
Michigan 70,911 87,035 81,454
Missouri $2,705 55,087 60,541
Wyoming 26,258 37,370 30,162
Louisiana 37,042 51,309 42,550
Oregon 49,180 39,739 56,492
Texas 206,214 212,620 236,875
Washington 95,099 83,756 109,239
Indiana 70,863 78,575 81,399

996,087 1,076,382 1,144,191
¢ DOE 1984Db, 29.
* DOE 1988a, 20.
¢ Forecasted,
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Sensitivity to Electric Growth Rates

There 1is no sensitivity analysis of electric rates
conducted for this study. However, Duffield and Others
(1982 and 1985) did conduct sensitivity analyses. The

results of the 1985 analysis are presented below.

In the 1985 study, Duffield and others forecasted coal
demand using 3 different electric growth rates: 1, 2, and
3 percent. Table 16 shows forecasted Montana coal demand
(in millions of tons) for five Montana FOB prices and two
Wyoming FOB prices, and for forecast years 1990, 1995, and
2000. Table 16 also shows the percent change in c¢oal
demand associated with each electric growth rate and price

scenario.

For example, the percentage change in demand when the
electric growth rate increases form 1 to 2 percent is 5.49
percent, for the 1990 forecast and a Montana FOB of
$10.50, and a Wyoming FOB of $6.00. The largest change,
76.77 percent, occurred between the 1 percent and 2
percent electric growth rates, for a Montana FOB of $7.50
and a Wyoming FOB of $7.70 in the vyear 2000. This

reflects both greater sensitivity when Montana and Wyoming
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FOB prices are similar and when the forecast period is

relatively long.

Table 16. Montana Coal Demand for Three Electric Rates®?,
Year 1990 1995 2000

Blectric

Growth Rate: 1% 2% 3% 1% 2% 3% 1% 2% 3%

A. Wyoming FOB Price $6.00/ton

Montana FOB

$10.52/ton
$change

$9.50/ton
$change

$8.50/ton
$change

8£7.50/ton
$change

36.4 38.4 41.3
5.49% 7.55%

38.1 41.5 42.9
8.92% 3.37%

38.9 42.5 44.2
9.25% 4.00%

2.7 44.7 44.7
4.68% 0.00%

B. Wyoming FOB Price S7.79Q

Montana FOB

$10.50/ton
$change

$9.50/ton
$change

$8.5@/ton
$change

$7.50/ton
$change

37.9 40.8 42.0
7.65% 2.94%

38.6 41.8 43.3
8.29% 3.59%

38.9 42.5 44.2
9.25% 4.00%

42.7 45.8 47.4
7.26% 3.49%

38.0 44.2 53.0
16.32% 19.91%

41.9 46.2 64.6
10.26% 39.83%

42.8 47.2 72.2
10.28% 52.97%

45.4 47.2 72.2
3.96% 52.97%

41.3 45.3 64.6
9.69% 42.60%

42.5 46.3 64.6
8.94% 39.52%

42.8 47.2 73.0
10.28% 54.66%

46.6 54.4 94.7
116.74% 74.08%

44.1 51.0 59.9
15.65% 17.45%

48.3 62.9 85.2
30.23% 35.45%

48.3 68.0 96.8
40.79% 42.35%

48.3 68.0 100.1
40.79% 47.21%

48.3 62.9 81.2
30.23% 29.09%

48.3 62.9 85.4
30.23% 35.77%

48.4 68.7 98.4
41.94% 43.23%

50.8 89.8 140.8
76.77% 56.79%

* All demand forecasts are in millions of tons.
* Source: Duffield and others (1985, III-32).
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INTER-FUEL SUBSTITUTION

The inter-fuel substitution algorithm takes the
forecasted electric demand and allocates it to competing
energy sources. Nuclear, hydropower, oil, gas and
existing cocal fired electric generation, for 1983, are
shown in Table 13 above. Forecast of nuclear, hydropower,
oil and gas in the year 1990 are based on information
provided in the 1982 NGP coal demand study (Duffield anad
others 1982), as updated using information from DOE

(1981b) and U.S. Nuclear Regulatory Commission (1983).

Using the 1990 electric demand forecasts for each state
in the NGP market area, forecasted generation for nuclear,
hydropower, o0il, gas, and existing coal generation is
subtracted. The residual represents the demand for new
coal-fired generation in the year 1990. The forecasted
new coal-fired generation demand, in kilowatt-hours, is
converted to demand for <c¢oal in tons using a simple

conversion (see Appendix B).
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SPATIAL MARKET MODEL

The core 6f the spatial market model is described in
Chapter 3. The description presented in this appendix
goes further into the detail of the model description.
The variables listed in Table 17 below provide a complete
description of the costs of operating a coal fired
generator. The variables and the values wused in the
analysis are the subject of the remaining portion of this

appendix.
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Table 17. Variable Descriptions®.

Line Coal Supply Description

# Center®

1 A &B Power Plant Size (net MW)

2 A & B Hours Operated at Full Load (hours)
3 A Power Plant Heat Rate (Btu/KWH)

4 A Coal Heat Content (Btu/lb)

5 B Power Plant Heat Rate (Btu/KWH)

6 B Coal Heat Content (Btu/lb)

7 A Power Plant Capital Cost (S/KW)

8 B Power Plant Capital Cost (S/KW)

9 A& B Fixed Charge Rate (decimal)
10 A Operating and Maintenance Costs (S$/KWH)
i1 B Operating and Maintenance Costs (S/KWH)
12 A FOB Mine Price ($/ton)

13 B FOB Mine Price ($/ton)

14 A Fixed Transportation Cost ($/ton)

15 B Fixed Transportation Cost ($/ton)

16 A Variable Transportation Costs

(S/ton-air mile)
17 B Variable Transportation Costs
(S$S/7ton-air mile)
18 A & B Straight Line Distance Between A & B

(miles)

* Source: Duffield and others (1985, III-18).

®» A = Either the Montana or Wyoming Supply Center; B = The
market competitor of A; one of seven possible coal supply
centers.
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Coal Supply Center Data.
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Power Plant Size (net MW)

The model plant used for this study is 500 MW in size.
This was based on the information presented in Projections
of Coal Demand from the Northern Great Plajns Through the
year 2010 (Duffield and others 1982). Of 443 coal-fired
utility boilers ordered between 1958 and 1980, the average
net capacity of was 482 MW per boiler. Furthermore, of
the 144 boiler orders expected in 1982, the average

capacity was 511 MW per boiler (Duffield and others 1982).

Capacity Factor

Large coal-fired power plants typically provide base
load generation. Base load capacity ranges form 50 to 70
percent (EPRI 1979). A 65 percent load is used in this

study. This was also the rate used in the 1982 study.

Heat Rate

The heat rate represents the amount of heat, Btu,
required to generate one kilowatt-hour. The heat rates
for using coal depend on the gquality of the coal used.
For example, bituminous c¢oal in the west has an average

heat rate of 9,772. This compares to an average heat rate
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of 10,049 for subbituminous coal in the same region. The
heat rates used in this study are based on those presented
in Projections of Coal Demand from the Northern Great
Plains through the Year 2010 (Duffield and others 1982)

and a personal interview with staff members of ICF Inc.

(1984).

Power Plant Capital Costs (PPCC)

The PPCC is based on costs developed in Duffield and
others (1982). The PPCC without sulfur control c¢costs are
escalated to 1984 dollars at a real rate of 2.3 percent.
The sulfur control costs are escalated to 1984 dollars at
a real rate of ©0.% percent. After multiplying the PPCC
with out sulfur costs by a capacity penalty, the sulfur
costs are added in order to get total PPCC. These costs
are levelized within the model when multiplied by the
fixed capital recovery factor. In addition to accounting
for real changes, all inputs are converted to mid-1984

dollars using the implicit price deflator for GNP.

Fixed Capital Recovery Factor

The fixed capital recovery factor accounts for the costs

incurred when a coal fired generator 1is built. These
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costs include: interest, depreciation, taxes (income and
property), and insurance. A rate of 7.41 percent is used.
This rate is based on the analysis presented in the 1982
study. Table 19 provides a listing of the various rates

included in the recovery factor.

Table 19. Real Levelized Annual PFPixed Charge Rate®.

Component Percent
Weighted cost of capital 3.77
Depreciation (sinking fund) 1.85
Insurance and property taxes 2.00
Levelized income tax 1.71
Levelized investment tax credit (1.23)
Levelized accelerated depreciation (0.89)
Total 7.41

8 Source: Duffield and others (1982).

Operation and Maintenance Costs

Operation and maintenance (O&M) costs were again bhased
on the 1982 coal study. Only variable costs are included
in this category. The O&M costs were escalated to 1984
dollars based on a real rate of 1.25 percent. This factor
does reflect increases in cost associated with using coal
containing higher concentrations of S$O,. No distinction
was made between Powder River c¢oal produced in Montana

compared to Wyoming.
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FPOB Mine Price

The FOB mine price 1is the pivotal variable of the
analysis. Increasing the severance tax rate increases the
price of coal s0ld by either Montana or Wyoming. All
other things being equal, the effect of the severance tax
rate on the demand for Montana and Wyoming coal can then
be measured. Contract sale prices are established for
both Montana and Wyoming. The rates are $7.47 per ton for
Montana coal and $5.37 per ton for Wyoming and represent
the FOB price of coal if severance tax rates are set to
zero. The FOB prices reported in Duffield and others
(1982) were used for all of the other supply centers.
These prices were escalated to 1984 dollars based on the

real escalation rate of 1.25 percent.

By 1984, FOB mine prices had become confidential.
Therefore, a number of alternative sources were
investigated to develop an estimate of Montana and Wyoming
FOB prices. Montana g¢gross proceeds tax forms for 1983
were used by weighting these proceeds by coal production.
Proceeds coming from t.he{ Spring Creek and Decker mines
were separated because of the relatively high Btu content

of this coal. Proceeds collected from sales of coal owned
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by Westmoreland, Western Energy, and Peabody coal were
averaged together. The subbituminous coals produced from
these mines is similar to the guality of average coal
produced from Wyoming Powder River coals. The Btu content
per pound range from 8,400 to 8,700 for coal produced at
these three mines. The FOB price for these coals varied

from $10.77 to $11.13 and averaged $11.01, per ton.

From this information, a base rate of $9.50 per ton was
established for Montana coal. However, this rate includes
the 1984 effective tax rate of 21.3 percent. Therefore, a
rate of $7.47 per ton was used to reflect the 0 percent

tax rate scenario.

Price information was more difficult to collect for
Wyoming coal. Only "value per ton" 1is reported by the
Wyoming Department of Revenue. However, individuals in
the Wyoming Ad Valorem Tax Division were able to supply an
estimate of average FOB mine price for mines in the Powder
River basin of $9.77 for 1983 (Wyoming Department of

Revenue 1984).

While FOB prices based on state tax proceeds are

excellent for estimating average prices, this average

includes prices based on contracts that were signed in the
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early seventies. Information published by Coal Network
Associates (1984) provided the contract information used
to calcualte current FOB prices. Average FOB price for
Montana coal (subbituminous coal) averaged about $9.75 per
ton. In Wyoming the 1983 FOB price’s reported by (Coal

Network Associates (1984) averaged $6.25 per ton.

Individuals at the Wyoming Geclogical Survey were able
to provide an estimate of Wyoming mine price of $7.70 per
ton. Reports published in the Wyoming Quarterly Update
(1984) indicated that Omaha Public Power had renegotiated
a coal supply price with Exxon resulting in a drop in FOB
mine price at the Caballo and Rawhide mines from $8.25 per

ton to 8$5.75.

From this information, a base rate of $6.00 per ton was
established for Wyoming c¢oal. Again, the effective
Wyoming tax rate of 10.5 percent is included in this FOB

price. The without tax rate would be §$5.37.

Once the base rates are established, spacial market
boundaries are estimated for Montana and Wyoming tax rates
ranging from @ percent to 120 percent. Table 20 presents
Montana and Wyoming tax rates and the associated FOB

prices.
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Table 20. Montana and Wyoming FOB at Tax Rates Ranging
from @ to 120 percent.

Tax Montana Wyoming
Rate FOB FOB
) 7.47 5.37
10 8.22 5.91
20 8.96 6.44
30 9.71 6.98
40 10.46 7.52
50 11.21 8.06
60 11.95 8.59
70 12.70¢ 9.13
80 13.45 9.67
90 14.19 10.20
100 14.94 10.74
110 15.96 11.27
120 16.43 11.81

Fixed and Variable Transportation Costs

For coal shipments out of the Powder River, the dominant
cost is the transportation cost. This why a spacial
market model provides an excellent forecasting tool. All
coal transportation for Powder River coal is assumed to be
by unit train. The fixed and variable transportation
costs used in the 1982 coal study (Duffield and others
1982) used a fixed transportation cost of $1.04/ton and a

variable transportation cost of £0.0133/ton-mile. In
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order to estimate current rates, a complete set of
Burlington Northern (BN) time-volume/unit train tariffs as
of July 1984 was obtained for Wyoming and Montana c¢oal
shipments (Burlington Norther Railroad 1984). Based on
regression analysis of 120 observations the following

linear eguation was specified:

TARIFF = 1.77 + ©.0166+MILE

(t-statistic) (2.67) (27.80) R! = .88

The overall R! of ©¢.88 indicates an excellent fit to the
data. When "minimum volume” was included as a second
independent variable, the estimated coefficient was not
significantly different from zero. This indicates a
vearly nominal c¢hange in real rail tariffs of 9.2 percent
or, given the change in the implicit price deflator (mid-
1980 to mid-1984), a 3.4 percent real annual increase.
This 1is very close to the historical 3.5 percent change
found in the 1982 study as well as being very close to the
escalation rate used for levelizing rail transport costs
in the earlier study (Duffield and others 1982). However,
the current analysis did indicate a possible slowing of
the rate of increase to approximately 1 percent per year.

This 1 percent rate was used to derive the levelized rail

rates for 1984.
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The first year variable rail rates were assumed to be
$0.0166 per ton-mile. Levelized over 30 vyears at 1
percent per year and at real weighted cost of capital of
3.77 percent yields a levelized variable cost of $0.0189
per ton-mile. Because the model is run on actual (air
mile) rectangular coordinates, this is inflated by the

rail to air-mile ratio for each boundary.

In order to account for the substantial additional
distance Wyoming c¢oal must travel to the major Montana
"low-Btu™ market in Minnesota, a fixed transportation
costs eguivalent to an extra 200 miles was included in the
Wyoming transportation cost function. Similarly, in
modeling states just south of the Minnesota and Wisconsin
borders, the difference in air to actual miles from the
market centers reguired an 89 air mile addition to Wyoming

fixed costs.
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This appendix presents “"short-hand” documentation for
the computer programs used to develop the 1990 demand
forecasts. There are ten Fortran programs involved.
Each provides specific calculations needed to forecast
coal demand. NEWHYPE.FOR is the core model that
calculates the hyperbolic spatial market boundaries. This
model is listed line by line in Appendix C. ELEC.FOR is
the program used to generate electric demand forecasts.
POP.FOR computes the percent of each state’'s SMSA
population captured within either the Montana or Wyoming
market boundary. These percentages are used to weight the
new coal demand forecasts. ONETON.FOR makes use of
regional projections of hydroelectric, nuclear, o0il, and
gas electric generation forecasts, to calculate the growth
in coal demand in each state. TON.FOR takes the residual
forecasts made by ONETON.FOR and the population weights
calculated by POP.FOR to forecast Montana and Wyoming coal
demand. DATAM.FOR, MASH.FOR, MATRAN.FOR, TAX.FOR, and

FOB.FOR are data manipulation programs.

NEWHYP.FOR (Intra-fuel Substitution)

Calculates the data coordinates for seven market

boundaries. The result is a completely bounded spacial
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market for either Montana or Wyoming coal production.
In addition to the supply centers in Montana and Eastern
Wyoming, the following supply centers are used:
Colorado, Illinois, New Mexico, Texas, Utah, Washington,

Southwest Wyoming.

Input files :

FOR22.DAT: Model plant data including O&M FGD, FOB, and

transportation costs.

READ(22,100,END=110) ((A(I,J),J=1,8),I=1,18)

100 FORMAT(8F)

Qutput files :

FOR21.DAT: Output of market boundary coordinates.

These coordinates are used in POP.FOR.

WRITE(21,550,END=560) (AMAP(I,J),J=1,32)

$5@ FORMAT(’ "(32(° ',F9.2)})))

FOR37.DAT: Catch all file, where the run identifiers

and various responses which are output from the model
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These files are not integral to the progranm,

80 most o0f the statements are commented out from the

program.

FOR22.DAT Variable Description

Line Coal Supply Description
# Centex®
1 A&B Power Plant Size (net MW)
2 A&B Hours Operated at Full Load (hours)
3 A Power Plant Heat Rate (Btu/KWH)
4 A Coal Heat Content (Btu/lb)
5 B Power Plant Heat Rate (Btu/KWH)
6 B Coal Heat Content (Btu/lb)
7 A Power Plant Capital Cost (S/KW)
8 B Power Plant Capital Cost (S$/KW)
9 A&B Fixed Charge Rate {decimal)
19 A Operating and Maintenance Costs (S/KWH)
11 B Operating and Maintenance Costs ($/KWH)
12 A FOB Mine Price (S/ton)
13 B FOB Mine Price ($/ton)
14 A Fixed Transportation Cost ($/ton)
15 B Fixed Transportation Cost ($/ton)
16 A Variable Transportation Costs
(S/ton-air mile)
17 B Variable Transportation Costs
(S$/ton-air mile)
18 A&B Straight Line Distance Between A & B
{(miles)
* Source: Duffield and others 198S5.

» A = Either the Montana or Wyoming Supply Center; B = The
market competitor of A; one of seven possible coal supply
centers.
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FOR22.DAT Data
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Other important variables:

THETA: The angle from the supply center to one of seven
competing supply center.

Taloe of THETA for Moatana and Uyoming Sapply Centers

Montana Wyoning
Competing Competing
Distance THBTA  Supply Distance THBTA Supply
Center Center
395.7 263.37 Colorade 129.@ 238.92 Colorade
1,061.5 328.29 1Illinois 853.0 20.37 Illinois
663.6 256.76 New Mexico 671.¢ 197.87 Mew Merico
1,106.6  299.49 Teras 792.6  327.81 Texas
§21.6 237.92 O(tab 696.0  206.58 Utah
779.1 165.43 Washingtoo 854.5 160.63 Washingtoon
321.6 243,99 S¥ Wyoming 181.5  171.18 5% Wyoaing
252.8 286.79 BJ Wyouming 252.8 106,79 BJ Wyoming
POP.FOR

Computes the percent of a states SMSA population that
falls in either the Montana or Wyoming market region.

Input files:

FOR21.DAT: Boundary coordinates output from NEWHYP.FOR.
READ(21,130,END=140)( (AMAP(I,J),J=1,8)
I=1,148)

130 FORMAT(32F)

FOR69.DAT:SMSA coordinates and population forecasts.
READ(20,110,END120( (SMSA(I,J),J=1,8)

,I=1,148)
11@ FORMAT (8F)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



112

POR69.DAT Data

Coordinates Population Porecasts

1 1 1980 1985 199¢ 2000 1995 1984

576 604.8 177,850 166,830 166,830 184,537 178,792 168,923
560  -650.4 131,822 132,044 138,044 148,750 143,282 131,999
677.6 -694.4 393,494 395,397 412,815 443,840 428,846 395,014

{148 SHSAs)

OQutput files:

FOR15.DAT: 2xn X,Y boundary coordinates, where n = the
number of boundary locations.

WRITE(15,190,END=200) ((ZHYPER(I1,J),J=1,2)
I=1,1616
190 FORMAT(2F)

FOR17.DAT: The X,Y coordinates of the SMSA's captured
within the spacial market.

DO 590 I==1,139

WRITE(17,580) (SMINXY(I,J),J=1,2)
580 FORMAT(1X,F6.1,1X,F7.1)
590 CONTINUE

FOR23.DAT: Population weights for the 21 state market.

WRITE(23,570)(0UT(I),1,21)
5§70 FORMAT(1X,F)

-
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FOR66.DAT Data

Iowa OUT(1)
Kansas ouUT(2)
Minnesota ouT(3)
Montana OUT(4)
Nebraska QUT(5)
North Dakota OUT(6)
Oklahoma OUT(7)
South Dakota ouT(8)
Wisconsin OUT(9)
Arkansas oUT(10)
Colorado ouUT(11)
Idaho OUT(12)
Illinois OUT(13)
Michigan OUT(14)
Missouri OUT(15)
Wyoming ouT(16)
Louisiana QUT(17)
Oregon OUT(18)
Texas QUT(19)
Washington OUT (20)
Indiana ouT(21)
ELEC.FOR

Generates electric demand forecast for each state in
the market area. This is based on the 1983 kwh
generated in each state and a constant growth rate.

Input files:
FOR42.DAT: State kwh generation for 1983.

Output files:

FOR61.DAT: Electric demand for each state for the
following years: 1983, 1984, 1985, 1990, 1995, 2000.

ONETON.FOR (Inter-fuel Substitution)

Given state electric demands, forecasted production of
hydroelectric, nuclear, o0il, and gas generation, and
current coal generation, calculates excess electric
demand. This residual demand represents the potential
for growth for coal fired generation. The weights
calculated by POP.FOR are used to identify the
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generation which will be supplied by either Montana or
Wyoming coal producers. The result is the generation,
kwh which will be generated by one of these two supply
centers coal. Finally, the generation is converted
into tons of coal.

Important Varjiables:

DO 1000 I=1,21
DO 900 J=1,5
RESID(I,J)=STAKW(I M)-(AHYD(I,J)+AOIL(I,J)+AGAS(I
+J)+ANRUK(I,J)+COALT(I,J))
90@ CONTINUE
10002 CONTINUE
NBILL = 1,000,000,000
DO 1100 I=1,21
TON(I)=( (RESID(I,K)*NBILL*COALT(I,5)/COALT(I,6)
/2000) 1000
11006 CONTINUE

Input files:

FOR31.DAT: Historic coal shipments--1983 coal
generation (kwh) for each state.

READ(31,100,END=400) ( (COALT(I,J),J=1,6),I=1,21)
100 FORMAT(6F)
FOR43.DAT:Hydropower generation (kwh) for each state.
READ(43, 300 ,END=400) ( (AHYD(I,J),J=1,5),I=1,21)
FOR44.DAT: Oil generation (kwh) for each state.
READ(44,300,END=400@) ( (AOIL(I,J),J=1,5),I=1,21)
FOR45.DAT: Gas generation (kwh) for each state.
READ{(45, 300 ,END=400) ( (AGAS(XI,J),J=1,5),1I=1,21)
FOR46 .DAT: Nuclear generation (kwh) for each state.
READ(43,300,END=400) ( (ANUK(I,J),J=1,5),I=1,21)

FORG61.DAT: State electric demand forecast--Electric
growth forecasts for 1984, 1985, 1990, 1995, and 2000.
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READ(61,450)( (STAKW(I1,J),J=1,6),1I=1,21)
452 FORMAT(6F)

Qutput files:

FOR35.DAT: Supply center‘s coal demand forecast.

WRITE(58,1200) (TON(I),I=1,21)
120¢ FORMAT(F15.3)

DATAM.FOR
Manipulates an (21*13*13)x1 vector and converts it
into a (21*13)x%x13 matrizx. This data manipulation is

used to order the population weights so they can be
used in TON.FOR.

Input files:
FORS51.DAT: Population weights (21*13*13)x1l.

READ(51,40) (POP(I),I=1,3731)
40 FORMAT (6X,F10.7)

Qutput files:
FORS2.DAT: Population weights (21*13)x13.

WRITE(52,60)( (XPOP(I,J),Jd=1,13),1I=1,287)
60 FORMAT(13F15.7)

MASH.FOR
Takes regional population forecasts and combines them
into one final output file. The regions are the
Northwest (NW), Northcentral {NC), and the

Southcentral (SC).
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Important Variables:

DO 400 J=1,13
DO 500 I=1,287,22
POP(I,J)=XNWPOP(I,bJ)
POP(I+1)=SCPOP(I+1,J)
POP(I+2)=SCPOP(I+2,J)
POP(I+3)=XNCPOP(I+3,J)
POP(I+4)=XNWPOP(I+4,J)
POP(I+5)=SCPOP(I+5,J)
POP(I+6)=XNCPOP(I+6,J)
POP(I+7)=SCPOP(I+7,J)
POP(I+8)=XNCPOP(I+8,J)
POP(I+9)=XNCPOP(I+9,J)
POP(I+10)=SCPOP(I+10,J)
POP(I+11)=SCPOP(I+11,J)
POP(I+12)=XNWPOP(I+12,J)
POP(I+13)=SCPOP(I+13,J)
POP(I+14)=XNCPOP(I+14,J)
POP(I+15)=SCPOP(I+15,J)
POP(I+16)=SCPOP(I+16,J)
POP(I+17)=SCPOP(I+17,J)
POP(I+18)=XNWPOP(I+18,J)
POP(I+19)=SCPOP(I+19,J)
POP(I+20)=XNWPOP(I+20,J)
POP(I+21)=SCPOP(I+21,J)
500 CONTINUE
400 CONTINUE

Input files:
FORS51.DAT: NW population weights.

READ(51,300) ( (XNWPOP(I,J),J=1,13),1I=1,287)
300 FORMAT(4X,13F15.7)

FORS2.DAT: NC population weights.
READ (52, 300) ( (XNCPOP(I1I,J),J=1,13),1I=1,287)
FORS53.DAT: SC population weights.
READ(53, 300) (SCPOP(I1,J),JdJ=1,13)(I=1,287)
Qutput files:
FOR54.DAT: Combined population weights.

WRITE(54,300)((POP(XI,J),J=1,13),I=1,287)
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TON.FOR
This program uses residual coal demand forecasts from
ONETON.FOR and multiplies associated population

weights to forecast derived demand for Montana or
Wyoming supply centers.

Input files:

FORS54.DAT: Combined population weights output from
MASH.FOR.

READ(54,100)((POP(I,J7),J=1,13),I=1,287)
1100 FORMAT(13F10.7)

FORS58.DAT: Residual coal demand.
READ(58,1100) (RESID(K),K=1,21)

Output files:

FORS56'.DAT:Coal demand forecasts for 13x13 MT,WY price
scenarios.

WRITE(56,1000) ((TON(L,J),J=1,13),L=1,13)
1000 FORMAT(13F15.2)

FORS57.DAT: Coal demand forecasts by state, for 13x13
MT,WY price scenarios.

WRITE(57,1000){( (STATON(I,J),J=1,13),I=1,187)

MATRAN. FOR

Transposes a 13x13 data matrix.

Input files:
FORS6.DAT :Production forecasts.

Output files:
FOR62.DAT: Transposed Production forecast.

TAX.FOR
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Updates the tax rate used to change the MT or WY

price in FOR22.DAT. This program is
conjunction with FOB.FOR.

Input files:

FORSQ.DAT: The previous tax rate used to update

FOB price.

Qutput files:

FORS5Q@.DAT: The current tax rate used to update

FOB price.

FOB.FOR

Modifies the FOB mine price in FOR22.DAT.

118

FOB
in

the

the

Once this

price is wupdated, NEWHYP.FOR is run to generate new

market boundaries.

Input files:

FORS50.DAT: Current tax rate used to update the
previous FOB price.

OQutput files:
FORA48.DAT: Corrected data file used in NEWHYP.FOR.

The file name is changed to FOR22.DAT by a batch file.

-~

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



APPENDIX C

NEWHYP.FOR

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



120

CF M.

RTHENT/U.

PROCURANVER:

LLLLLLLLOY o

-
L~
- 0w
oD
..
O
- e
Fo BN
L 4
[l St
hatls Jes o Lol
O~ o o™y
* N VODO
OrtSe & o
A VILEDD
(TR N
oMb
Lol SN = i 318
{3 B 4. W]
TNl pa ey
Pl A
(=2 toTR1 o VT, ]
& D) NNE A
™ AN
N ZD N
[ =T TP, TR MY |
OO a b= M=)
(PRSI P
C.OQI=XTL
L SICNEN 1% BN |
AT DITING
TN N
P Rt
C3L) Wl
WD TR Al
‘N NS DL KON
el WIS N w oD
D43 WD .
LHLTIO A lee O3
L R Ll Tt 1
LY ot BN g A oy |
[ple i -PL TR LT
T WMAIVTHE el
[ 22 TN - TR )
L I ¥ g VNG e T
- WO
WA Araruleg A
Rt ¥, W N
[ Re L WIRSAL -
el ke X e 2D
LN N NEL ety o
RIS $aal Pl L 2V.4
[Nadt ) Woite T 2¥nls ]
wITY whealiw o ow N
Pate Aot SR )
peag A RN IR T B Y ik
o Il ta (DT it e
L N il =1V Lad
-~ UK DD Theeel
- LT b b 0 DB

AT R & aihibatn L L L

[ 28 Sl Rt ol 5l o
oL ot Y of oA o o L
[=latelololnyalet]

R2,JARAY ,UCUVNT, IROH,ICOL/S*0/

J)
CF cnoRnINAIES PASSED TO AMaP.

:‘([

ACL,J).

| ]

5 ARE

{ERATT MARKET BOUNDAPLE

e
Pt

AS USEh TO €

&= =g iF

L e

L.

(ST S B =]
Ll

= gt

O<TO
(X1l b

[ S
[=Talole]
- O

[l ]

(515

7 BOUNLARLES.

-~

ARSFTURMED X & Y CUOUADINATES FOPR THE

-~

S \

..

—

=

=

w

v

—

=

-

[&]

-

P

(15

—

[

—

=

[ D] ~

(] [+¢}

[ ] L ]

"I

w et

Q v b

o et et

[5) -
N,

© A

W Ui &

[ o] T -

(2] = W

W e

-l —Q
LY

L) AR B LN

I [ e}

- . ~

('S [T L]
e

-l g
bl s T

= Tr e

- [C4 By

pual

) VL4

[ AL -

bl o Tomd H

e TN~ )

LI

[ e s 1T a1 0 NER U] 1)
LUTTET S A N R BRI R }
Wine S WIS asrD)
(90 P N R I T R
Lapmd (L mn e =€ Y s 1
(B0 W TN P A Wl I S
[ R R T N AN LT 1 s
O L1100
Ehaalindl, (Ll
[
[ » TN IS B X » )
™ W0 ;S Oed
D et

(2] o

WATTE(5,129)

LBl Lovg S
- s =
B
G0y
D=1 00
e X0

™~ ™yr
it

H® FOR ErCH OF 8 EDYS
ARAY

|l

HEIXICU
SASHINCION

I CJJLORAUD
ILLIADLS
N
TEXAS

I wv31ine

1*3HTANA

I uTAn

22,569

333.46
2?7.U5
J00.C6
157.77
217.217
116.01

Sa) ul Ok O
U NP NS NS U D U T ND
NI M N INTT N T
L Lo T SR G S i
[ RIS W ] ot wl LU e TR RNl St el il o]
Tl el S e A el L A LT L It ST e Sl T
CZOoUINICLTDONOOI20NT0X0
O QU U DU = QU= QUL O O LD -0

150
1690
170
180
2¢0
210
21s
220

190
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



121

LUr A wlvedd

UL Eond LU0

Ay .l

SPUTED,.

W a s U
Pl
Do et e e S N
Dot et
5 19 44 St ay Sos Lin ]
T R P Sy
e aede R LT 4

TN N N N Gl

L P Loalad IR N3 §

g
w Ot m s 4§ ]

2a,

"t st

XY

R
and A DO CHICD
B L B ] =1F% S T

T
AT

ANTITY OF CCiL PRODUCTION

ATiCN COSTS FCF A GIVEN &
J
3

e
nn
€.
. =M
o etz
[ LI
[EIAT
o et
L= TAR™
e
-
[ ]
(=151
(%)
=)
-
I o€
[ 31538 L5

LI )
L B T
kel

[ I ]

LS
LR ]

O
B H=1rl

Sl

ACDILI7TIO

& CCHPUTELD.

i CSTS AR

¢
&

a
A
*LISTAL)

et Wt

. m-‘ﬂl\lﬁb.

Pt § alfaag
HAL S
o N
o
[hadeet = LT 54
Sl L)
— A
321G AE]
Ot=r2 0
SO DO
S

awv

[P 4

(™)
1oy

[ i |

o

+LT.0.0) ¢C1C 370

- O
w -
Y =Dy
ERTRP IR TP )
L)
[ Nati=mgd o)

OO ThYDD
(RS A N BT
Wl - T

Sed 6 OB
O Dma "

L LU Y. ) T G 1 ] L
A3 () D g
e OVlu il 2 muy
.| 79 P T E SaF] SO
It N A= L)
bt .

gt

>+ 4+
(=]

e
e~ uda
tf ak=

Y 3 "4

L el
e b
N
wvirn
—

L =f (2

(1A U

L
o5}

JET

-t

[ 2

(o]

=

oo

6ETU 400
7

STA
[

N

!

Lo B 34
PN A D~

NETATING BUUNDARIES.,

A)/ATRAN
T

(=Nt~

CL 4 <ot (0 | <l

Iy | f2ZM<er 0D
[&] IS, ) e | M- m?

funlre Lo el T (R ut T foe -
AR TS Tt B! B R
stfar= o ZUUHE DU e

AT bt
£ etrtind oK A L3O

LI »

1% “CAb RN

DNuf-

.
<l
Lt

L et S T g

# Ll DO I IO e
L L O 1
L 2 L T T RTIT R, YR}
(23U R B E O T S7W )

SLEILL L QLU )

[
-

=
[
X
=]
(5]

w2

210

o= thepr= Ly 2
D A HONT - 4

(%]
. u)
D wd
W
- [
w —
~2 )
[+ 4
- 2
a =
-
o
-~ -~ L}
vy t
v -l w
= Q a.
) ~N T -
= 20 -3
) ~ -~
~ - w
d -
o £~ T
-« ~NMND
o [ =4 L ] & L,
e - . o —
o ~ -~ - D
(&) =~ —~ (D LD
- [+ 4 [ =] L= ol
2 k2l - vy LN
g ) ~ e ot 3
= © “ O D
g . = o D [~ =
[ . N L]
SIS — [ 5] . ) L
X o o O v Liea
+O S Lo Tl 7S
%> - 3~ -« A XEON
vy S oo o (3 R R el S
-+ [ .t [l W £ et )
un ~ bt 2 ) e
[y [T oty Lo Tebenl U1 o )
WM [ B ] bt S = E 1=
b ™ dpmgeq DD (=i ged
e M e v DO fald

b Hna

- [} = RRNRE Lol e OO
WM O o LN =T IAN
[[ES] | Rt Dbl Bapbond & oG

Ve HE b WLACE-OTOCLO

=R Ot TR e DI D ) K ek

VL VN
L=t =t
RS ]
Oty 0
-l
x
o
-
a2
m

230
260

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



122

P -~
~ ~
(%] %]
~ . ~
—t -t -
1] vy
~ [ ~ -
o~ [ 23] ~ bl
K & x ~
i 14 w - <
= - = - Ll
- Y £ — [N
~ i -~ L]
e [=) i~ -
™ [ [l kg e - lond
) 5] w ~ -t <
I wv -— = < -2 4 [+ (43
= = [+ £ & -t [ -
~ w fe.d ~ d ~—ta o] 1aY: 4
- 2. o« -t o P -t
e Q ] x 0 taltad o fotel
1w - 73] fiig . (&) | -4
P > - - > e -21D
T € - N L | d (33 } lnind®
~ - e ™ ~ i [$18 W [ Eate B
b o (=1 . -— -t N D= Uy
3 - i 4 « ™ M o L= - T
i) 3 » -t . [5] -t - -t [ g Orertlal
- oo} ™ ~ 0 ¢+ O - ax [PPATS ] -t LI
» = [ [ -3 m v o0 * frovtered o T
~ ph] - D = e ~ . a1 VPt
v L e ~ - N O wv = —C» = (=tet ™ T
o s = o = LD o (o] - o . vyX T -
[ = - 0 D - el e a, ~~ [L R G} Ot}
> W o~ Nt o [T ) S ™ S e ™ e (810 lo ol B
~ i 71T — (&) . IO~ - ~ (& " G NN
[4] = [=] w o O - L0 B &) o &= e & M o = A8 ~
L wd wda N ™V FY .l [ 5- 2 Y 1 PNfe % i) L vt et N W) — - g0 wg [T 4 [P b )
[ & T S S - 4 [0 P~ = 2D o~ v L3~ P U 5 e x - bd STaly e b} = w —rteer s oY
WL L W v om mo o el B e i 3 w4 Lot Y ) b -t WD ety Tk LD [SE & o= Ao b ]
> T oz X -4+  w= -y 1 e O » Iz o=, [w] (Yol ¥t ST - -t wt == I
X D M DD [SIT —~ e P & 4 RN B D M N [ Lt O =mba 1.4 A e A e s A TU~E €
DN mon H e — N oy 0 [ B3V TR O o wonou - g et e N 33 [L N =12
A A A D [+ 3 O D ~ T o o e > LI N R ] L] S N b T WS 2L 37, )
IS e B B B T ] - =i et WO ) oY - T3 T Y Mo Q I e I~ © ~ (27 A
WU N N w e b 3D e v oOWMNWIC WVARAOUW v\ v ey I - o e I Qe _——" (R LYl g [ T
DI et b S Viets UH T 23 HHLD DIODDm =t 2t = [ B [T NS L P4 -yF =0 N T A i
IS e ws el X et O~ O X RO ) SEMTLWLS A e wr arll w Pt ey eflE YD R L LT )
e e et LS mtla) (4] [E o Y o) [OPPLTI I = 3 e Dol S5 LoD NP TV LIS JRV [ P LA [ feo 2 S TR £ [ R &Y [ Taad [+ 527 P~
=X AN NI aldH W Dt e L XA TTLNN S + L4 T4 X0 U)W nNnDOnm —t -\ On) b Suunn
TLTTRT OO = e N e T AT T DI ST IANTITTTTDsT Y SE SN TheND g
1ot CM = U B )T VSN 1O G UL D00 O OO O e = B P T W & TRy - N1 " Uz DRT ST p=p i | i ad
LN IV I L — I L) petemd TY R S D NS R Ut S QIO QN N DV L [l k2t i £ H e epaber = D TIDUIN
LRI ) Ll S LA &2 ) [l W PR Sl 7Y TooTE A VWY e e LIRS X F e arel)
N S Mmoo A s Pt L S D VIR § b 2317 TR O S TS 4 S B T ]
O O a0 [l ] =D Y L, e Do~ W00 HODOow-x
(W R R T ~ ] QU WXQLLEa> Vi) mtl U =t (b
= et [TH B
-1 [ d Ll
hd » o >
j=) o o [ o
P | = = X
o o o Wwo o o SO0 O o X o o 0
~ o [ oo -~ mT N 0 [T \ [T N ¥ ] 15
N~ ~ [} " om “xN M () ™ m ™
o LLY (33 [E15 S

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



123

- -
» . ©
-y -~ (8]
~ 123
. - (19
~ a [N m o -
at ~N [ - € Y Wt L]
23 w ~ we ML CIFE e a2 [%]
- [N -t » e BN O N o -
= [ -t — v B L b L) [ 23
v =] ~ P A -~ -
< - (& . N DOaLS W . D
o ~ L . [~ TO e 2= JEV S N =] . v
B x (o] D DulisTHD~ W = « D
- w ol -~ o Tey LIMY o '3 s D
po) T o |5 - DD e W K = oz
> [2Y - [TV PS N - W L LN ] . W
-~ LY - Lo S 4 [~ 35 LIS I W (1Y) * ok
= ~ - E=T o] O e e MLV ('S CE 1~}
z - r O ¢ O % @ v veet = M
v " [ w o N W el PR
= -t x Q [ Y UM et P st
= o = I > X - LT, ST 2 K3 TR XN
o~y - - NN LIS - ~ - (73 P
3 fa ¥, ) -t b o o= m oW WU N D ~ T xXIT
< — £ [+ - o S S S WY o | = -~ (2] ® Okl
b [ ok d ) -g L B, 3 % " MY w N =) e ] ~ “- uy S
- » = Q vy EEEENES. L SN o] -~ - . B
3 [ R N I d [< Y ] L L a2 ] [~} ol " Y=
~No~N -~ > (=T L NN o T N7 | = il € W3 N ~
- (=] +v & -t o [ ] [= T L R LT W P " x . T = e A
- -t . @ x o o £} ML+ s LD o —t -~ - <X ~~
- - e~ IR Q. T WD e [ o] ~ - . oLl DD
& ~n 8 «&ED b4 [ f= L R L L | ») - 4 wUm O
B o -} -t T - 1 [~ [ T SN T T BV (™ = - 8 Dtex NI
> (] o o0 VT ~ wl = ™ WM D Q o | ~ T D DD
2 (- - —— ™ %] = [ 1 D O N [ o € X & S>>0
et = O —0 W) [ < * PR} o LIV NS W) 17 t e~ v O Rt
~n 2 it * ¥ o ovDa T W) S oW " e ¢ O QD e
i~ N T = orS O o~ ZOmEn e, D ~ -~ . N eera
<UD - (] g U % o e NN (] -~ O P [TIERN. -1 - et ® -} - 4 eadm N T,
- o [~ T - EN D 0O X X O OX x X 0O Ul VW Xy = o -~ ¢« WY wvvan
“0 [+ 2 o] R o (B W W W [ 2 o temt VA= 0. (%] [t ® N OO0
N p— $ D o~ (%Y [N o 3~ -5 B~ -S4 .~ L] o [T S Y [ N -t he'} D - [--= 2 N I d
7 - = L o (LI B T S o el ~- > L e TN seal(™ S S - N\ S L L Y T iy
- 2 o [ TN { =17, T 2 B e 34 e te -« VI WD e s x "y 4 WSONQDGD
s et ALY e w o U H NG -t [ £ & af 3N AN -\ W QT 4O [} L S
——— LU e I L VD=t~ O . [o4- BV - wS ) < & QS OTF N RO 31 = ¥ M anO0D
J o L~ Sl A I NLICE e S N A - T [ LY ety W O MDY et e 1 £ (8120 & w0 %G
- D ettt DD Neges «2¥ L3 = "3 7 DO TN A - ZTONDW U N Py T TR ) LI T8 P et Bor
L ol 2 - . ¢ OO VAW » % % s T LW paaT o) ) v LI N a0 W [ales) < L) o £,0) Bt
;e Vi OB D WL DODet ba 4 Cre N © et N it IO e LrR DD Wi~ * 3D s & &
T O D = Iy THI DI s e wny O v VO d D= ST et DODT T —n . QN0
b L= TS L) S o 10 L i [TE I T FE LG A o = ar -l Tl Rt o . € = Dty
- NN O = GEDDE TN I =X XX SEDWD DN O W A O L ADNLTE WSO et NDeid) U L) e LR 18 5 o =P o 2o
Bt il D M A DO W )T DTS D SN AN IO e I (A TTD D N « orow
T o O e WU OCHLA OO 1 B =T Sscte LD Al ST e T L b OO CaT S et o DU
= HEEQ  CHAY i 3 = DO = N3 = LI DIV DI N —HJ <D P TR T 2 ] FTTE S« LU CEN B ] Qmmrart W ed L) @ Ll I
Qe T L) =t=a.0w Pea"d Al e L O . L) - Pt et 20 DNty
. termhe = WeweaTe P - e Ty Wt ML= Npe D0.ag D TmHTE e € wWTee s
SER D OC OO < OuwL+C OnN=TDOY (Rt Ui+ -0 OO NOAOZOZ € ST NN
Tl WD UReL 2 Uil D0y Xzu 2 W0 LUXU—OEL~ ¢ O L XXX
i 3 - {4 WIS LTk U - PRI B 41 9 Pt Pl Pl e
= ~ - 0 G sawDr D st Fad N StenurTrzeo
sy - o WWTOY b Wi D DeeTr DTDMRex=WE
3L ~ v [ o LA VW LEGS DI
J, - - - ANEOTUROr e (RO « & e
g o o o o & o o o o o [ ~OO DO OO0 & D>
- (=] -t ™ ™ - W [V T o m (8] ™ ] FEY= 10 IS S Il T T T/ B ]
s <« T v w - oW - w W e e W
et v v © wVL vuLL o

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



124

BIBLIOGRAPHY

Bertrand, J. 1883.
"Review of Cournot’s Researches." In: Journal of des

Savants. As reported in: Microeconomics: a Synthesis of

Modern and Neoclassical Theory. R. Robert Russell and
Maurice Wilkinson. 1979. John Wiley and Sons, New
York. 459 pp.

Burlington Northern Railroad. 1984.
Time-Volume/Unit Train Tariffs. Unpublished c¢omputer
printout (July 1, 1984). Department of Economics,
University of Wyoming, Laramie, Wyoming.

Brown, John. 1983.

"The Fort Union Formation in Montana."” In: Coal
Development: Collected Papers. Vol. 2. Scott Fisher,
Project Coordinator. Papers presented at coal
development workshop in Grand Junction, Colorado and
Casper, Wyoming. Sponsored by the Bureau of Land

Management, Division of Resource Systems. pp. 201-215.

Campbell, Thomas C. and Ming-jeng Hwang. 1978.
"Spatial Analysis and the Identification of Coal

Markets." In: The Journal of Energy and Development.
PpP. 104-125.

Coal Network Association. 1984.
Coal Supply Contracts and Power Plant Consumption
Information System. Coal Network Associates, Inc., P.O.
box 1397 Fort Collins, Colorado 80522.

Commission. 1980.

Coal Data Book. John D. Rockefeller IV, Governor of
West Virginia, Chairman. The Presidents Commission on
Coal. Washington D.C.. 235 pp.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



125

Cournot, A. A.. 1838.
Recherches sur les Principles Mathematiques de 1la
Theorie des Richesses. Librairie des Sciencies
Politiques et Sociales, M. Ririere & cie. English

translation, Researches into the Mathematical Principles
of the Theoxry of Wealth. (Translated by N. J. Bacon,

2nd Edition, 1927. As reported in: Microeconomics: a
Synthesis of Modern and Neoclassical Theory. R. Robert
Russell and Maurice Wilkinson. 1979. John Wiley and

Sons, New York. 459 pp.

Duffield, John W., Arnold J. Silverman, Bradley D. Harr,
Michael H. Lee, Danny S. Parker, and Donald Snow. 1982.

Projections of Coal Demand from the Northern Great

Plains Through the Year 2010. Prepared under a grant
from Office of Surface Mining, U.S. Department of

Interior, Montana Mining and Mineral Resources Research
Institute, and Montana College of Mineral Science and
Technology, Missoula. 653 pp.

Duffield, John, Arnold Silverman, and John Tubbs. 1985.
Montana Coal Market to the Year 200Q@: Impact of
Severance Tax, Air Pollution Contreol and Reclamation
Costs. Prepared for the Montana Department of Cowmmerce,
Helena. 144 pp.

Electric Power Research Institute (EPRI). 19795.

Technical Assessment Guide. PS-1201-SR. Palo Alto,
California.

Griffin, James M. 1987.
"Long-run Production Modeling with Pseudoc data: Electric
Power Generation."” In: The Bell Journal of Economics.
Vol. 8 (Spring 1977). Hefferman Press Inc., Worcester,
Massachusetts. pp. 112-127.

ICF Inc. 1984.
Telephone conversation between ICF Inc¢. staff members,
Washington D.C. and John Tubbs, Missoula.

Keystone. 1989.

Keystone Coal Industry Manual. Maclean Hunter
Publishing Co., Chicago, Illinois. 1,284 pp.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



126

Kolstad, Charles D., and Frank A. Wolak, Jr. 1983.
"Competition in Interregional Taxation: The Case of

Western Coal.™ In: Journal of Political Economy. The
University of Chicago. pp. 443-460.

Montana Department of Natural Resources and Conservation
(DNRC) . 1989,

Montana Historical Energy Statistics. 6th Edition.
Nancy McLane, research specialist. Energy Division,

Helena. 88 pp.

Power, Thomas M., John W. Duffield, John R. McBride,
Richard L. Stroup, Terry D. Wheeling, William D.
Tomlinson, Walter J. Thurman, and Arnold J. Silverman.
1976.

Projections of Northern Great Plains Coal Mining and

Enerqy Conversion Development, 1975-2000 A.D.: Final
Report. Research Support form NSF/RANN Grant No. AER

75-14178 (March 1976), Missoula. 162 pp.

Silverman, Arnold J. 1983.
"Energy Future of the United States: The Contribution

of the American West." In: Coal Development: Collected

Papers. Scott Fisher, Project Coordinator. Papers
presented at coal development workshops in Grand
Junction, Colorado and Casper, Wyoming. Sponsored by

Bureau of Land Management, division of Resource Systems.
Vol. I (July 1983). pPp. 3-37.

U.S. Department of Commerce. 1979.
The Metropolitan Statistical Area Classification.
Prepared by the Federal Committee on Standard
Metropolitan Statistical Areas, Office of Federal
Statistical Policy and Standards, December 1979,
Washington D.C..

U.S. Department of Energy (DOE). 1980.

Bituminous Coal and Lignite Production and Mine
Operations 1979: Enerqgy Data Report. Clyde Boykins,
Office of Coal and Electric Power Statistics, Energy

Information Agency, Washington D.C.. 83 pp.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



127

. 1981a.

Coal Production 1979: Energy Data Report. Clyde
Boykins. Office of Coal and Electric Power Statistics.
Energy Information Agency, Washington D.C.. 110 pp.

. 1981b
Power Production, Fuel Consumption, and Installed
Capacity Data 1980 Summary. Energy Information

Administration.

. 1982a.
Coal Production 1980. Robert Harris. Chief of the Coal
Development, Collection, Processing, and Maintenance
Branch, Office of Coal, Nuclear, Electrie, and
Alternative Fuels. Energy Information Agency,
Washington D.C.. 102 pp.

. 1982h.
Coal Production 1981. Charles C. Heath, Director of the
Coal Division. Energy Information Agency, Washington
D.C.. 104 pp.
1982c¢c.
National Coal Model (NCM): Users Manual. Prepared by
Computer Data Systems Inc.. For Office of Coal,
Nuclear, Electric, and Alternate Fuels. Energy

Information Administration, Washington D.C. 77 pp.

1983.

Coal Production 1982, Charles C. Heath, Director of the
Coal Division. Energy Information Agency, Washington
D.C.. 116 pp.

. 1984a.
Coal Production 1983. Charles C. Heath, Director of the
Coal Division. Energy Information Agency, Washington
D.C.. 118 pp.

. 1984b.
Electric Power Annual 1983. Mary J. Hutzler, Director
of the Electric Power Division. Energy Information
Administration, Washington D. C.. 147 pp.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



128

. 1985.
Coal Production 1984. Charles C. Heath, Director of the
Coal Division. Energy Information Agency, Washington
D.C.. 145 pp.

. 1986.

Coal Production 1985. Charles C. Heath, Director of the
Coal Division. Energy Information Agency, Washington

D.C.. 131 pp.

. 1988a.
Electric Power Annual 1987. Mary J. Hutzler, Director
of the Electric Power Division. Energy Information
Agency, Washington D. C.. 155 pp.

. 1988b.
Coal Production 1986. Robert M. Schnapp, Director of
the Coal Division. Energy Information Agency,
Washington D.C.. 128 pp.

1988c¢c.

Coal Production 1987. Robert M. Schnapp, Director of
the Coal Division. Energy Information Agency,
Washington D.C.. 176 pp.

. 1989.
Coal Production 1988. Robert M. Schnapp, Director of
the Coal Division. Energy Information Agency,

Washington D.C.. 144 pp.

. 1990a.
Coal Production 1989. Robert M. Schnapp, Director of
the Coal Division. Energy Information Agency,
Washington D.C.. 150 pp.

. 1996hb.
Weekly Coal Production, Production for Week Ended: May 5
1990. Wayne M. Watson and Michelle D. Bowles, Data
Systems Branch. Energy Information Agency, Washington

D.C. 24 pp.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



129

U.S. Nuclear Regulatory Commission. 1983.
Grey Book. Washington, D.C.

Verdon, Paul B. 1988.
A _Handbook of the Montana Coal Severance Tax. Prepared
for the Coal Tax Oversight Subcommittee, soth

Legislature. Published by the Montana Legislative
Council, Helena. 92 pp.

Ward, Michael P. 1982.
Cocal Severance Taxes: The Effect of Western States’' Tax
Policy on the U.S. Coal Market. Prepared for the U.S.

Department of Energy and published by the Ranad
Corporation, Santa Monica, California. 74 PP-.

Wyoming Department of Revenue. 1984.
Telephone conversation between staff members of the Ad

Valorem Tax Division, Wyoming Department of Revenue,
Cheyenne, Wyoming with John Tubbs, Missoula.

1990.
Telephone conversation between Dean Temte, Mineral

Division, Wyoming Department of Revenue, Cheyenne, with
John Tubbs, Helena.

Wyoming Quarterly Update. 1984.

Wyoming Quarterly Update. (Summer 1984). Institute for
Policy Research, University of Wyoming.

Zimmerman, Martin B., and Christopher Alt. 1981.
"The Western Coal Tax Cartel.” In Working Papers in
Economics. No. E-80-9. Domestic Studies Program,
Hoover Institution, Stanford University. 47 pp.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



	A Montana-Wyoming coal severance tax duopoly model
	Let us know how access to this document benefits you.
	Recommended Citation

	tmp.1459884606.pdf.WLAid

