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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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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.

.muno_m m_u__c: SNOUNLIBJU0D | mo SPjai} o:cm__ ﬁ:_u _OOU mDOCmE::Qa.:m —EO shoununjiQy

‘9461 ‘sauly Jo neaang

P il

Bt}

_
ket
L

Viss e
A

TN

N

IR

0
v
-y

s
“ e mte

20 v

1o0amog

Foiw teensrg

ettt Wl 3Y)

i o .

._,\

v L v

ujcey uofup jx04

Voot |~

. f,:. i fom 203 L8 6 A =t BiheF
%4 ‘

-\\/! \.// R, ‘

LAV
S e AR A S
LI IRLLILS / -.Q\‘-. Q— ﬂ= “h_ . N/J‘ i

GNTISD

(|

5%

)

2

—

L.

7

el
:‘ c‘
—~=
v

L} ¥

uysey I9ATY Japuog

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



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,
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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
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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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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

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



28

(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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