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Abstract:

ABSTRACT Large-scale coal mining and energy-related development may have substantial impacts on
the predominantly rural Northern Great Plains. This dissertation investigates the impacts likely to occur
in localities in this region, including both economic effects and fiscal consequences for governments.

The methodology employed is computer simulation. The simulation model is composed of an
economic base submodel which determines labor requirements; a labor supply submodel which is used
to predict employment/population ratios, migration and wages; a local government spending submodel;
and a revenue submodel.

The model is used to predict economic and fiscal responses to forecasted coal mining in Montana. The
dissertation concludes with an analysis of policy issues important in a rapid growth region.
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ABSTRACT

Large-scale coal mining and energy-related development may have
substantial impacts on the predominantly rural Northern Great Plains.
This dissertation investigates the impacts Iikely to occur in localities
in this region, including both economic effects and fiscal consequences
for governments.

The methodology employed is computer simulation. The simulation
model is composed of an economic base submodel which determines labor
requirements; a labor supply submodel which is used to predict employ-
ment/population ratios, migration and wages; a local government spending
submodel; and a revenue submodel.

The model is used to predict economic and fiscal responses to fore-
casted coal mining in Montana. The dissertation concludes with an
analysis of policy issues important in a rapid growth region.




Chapter 1
INTRODUCTION

A debate continues in the United States over the domestic
dependence on foreign energy supplies. The creation of a Federal
Department of Energy is symptomatic of the importance of the issue.
Most analysts conclude that increased use of domestic coal as one
substitute for oil is inevitable. This study concerns the impacts
expected to result from major coal development. The stpdy areé is
the Northern Great Plains (NGP), defined as North Dakofa and parts
of Montana and Wyoming. o

Coal is likely to be more important in the future than it is
now, although coal is currently the most important source of energy
for generation of electricity. Electricity uséée has grown steadily
even in the face of rising prices. Uncertainty about foreign inter-
vention in the delivery of oil and gas may lead to conversion to coal
use even if such fears are unfounded. Canadian petroleum supplies |
are currently being phased out. Coal use is being urged by govern-
mental authorities as an energy source not subject to foreign politi—
cal interruption. Finally, present air quality standards and the
possibility of more stringent standards would lead to greater use of
low-sulfur coal. |

The NGP, especially Montana and Wyoming, is likely to be a major

supplier of low-sulfur coal to the nation (figure 1).
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Surface Minable Coal Deposits, Montana/Wyoming Port

of the Northern Great Plains.
Source:

Figure 1.

U.S. Geological Survey.
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Part of the demand will be the substitution of low-sulfur coal for
high-sulfur coal and oil. But NGP coal also will satisfy the needs
of new generators (figure 2). The NGP is expected to be thé source
of 45 percent of the coal demanded by new generating units in the
u.s. through 1985 -- 159 million tons (table 1). More fhan 72 per-
cent of this is already under contract, and is a much greater ton-
nage than any other region is expected to supply.

The NGP is capable of supplying the demand for low-sulfur coal
due to the size of the deposits and low costs of mining.. Favorable
seam to overburden ratioé of NGP deposits reduce mining costs. The
five states of Montana, the Dakotas, Wyoming and Idaho contain al-
most oné—third of the currently recoverable U.S. Bituminous and
subbituminous coal deposits containing less than one percent sﬁlfur
standardized for BTU content (Reiber, 1975). Most of this coal is
concentrated in the study area. Forecasts of productive capacity
of mines cﬁrrently scheduled in Montana, North Dakota and Wyoming
show a potential production of almost 4SQ million tons aﬁnually by
1985 (U.S. Federal Energy Administration, 1977).

Population growth primarily due td immigration will accompany
coal development in the NG?. Population growth and new development

will reverse trends in an historically stagnant region. Myers,

. Hines, and Conopask (1977) describe the region as a net exporter of
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Figure 2--Flow of Coal to New Generating Units from the Western Regions of
the Northern Great Plains, Thousands of Tons.
Source: U.S. Federal Power Commission (1977, p. 19).
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Table 1--Sources of coal for new thermogenerating
units, scheduled for service 1976-1985

1975 : 1985
: : ' .+ Ouantities
: Shipments to : Total demand assured
utilities : for new units : for néw units : Percent
Source : (1000 tons) : (1000 tons) : (1000 tons) : assured
Appalachia 210,245 52,214 22,222 42.6
Interior basin 126,475 36,358 30,541 84.0
Bureau of mines .
district 15 . 16,923 53,655 39,590 73.8
Northern Great Plains 54,068 a/ 159,157 115,638 72.7
Rockies 22,791 38,527 35,054 91.0
Unknown L --r 17,860 BRI ---
Total 430,502 357,771 243,045 67.9

a/ Includes 4.2'million tons of coal produced in the State of Washington.
Source: -U.S. Federal Power Commision (1977, p. 7). ’
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people because of the overwhelming importance of agriculture at a
time ﬁhen agricultural employment was declining because of mechani-
zation. Net rétes of migration from the NGP were highef.than the -
average of all U.S. nonmetropolitan counties. A sparse populationy
distributed over a large geographic area forms few sizeable towns.
Public and private services thus are performed on a very small scale
and often are not capable of rapid adaptation to population growth.
Williams (1975, p. 63) describes the Rosebud County fife‘depértment
as having "...three spray trucks; one 6 x 6 army surplus truck with
a 2000-gallon tank, and one 1935 LaFrance fire truck." Services
such as. fire protéction are provided almost exclusivelyfby volun-
teer forces.

What kinds of problems are expected from the change that coal
development implies in such a setting? Most prominent are problems
in adjusting to the new situation, and attempting to do so with
institutions designedifor a small and stable area. Adjustment
problems include a number of factors which offen are related. The

scale of an energy development can swamp the capacity of existing

institutions to maintain effectiveness. Law enforcement is an

example. The rapidity of growth may leave little time for an

.orderly adjustment of the public service to desired levels.
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'Tﬁe problem of. spillovers is that jurisdictions may be impacted
by rising population levels and increased demand for public services
when the natural resource tax base is located elsewhere. . In con-
trast to other sectors of the economy, natural resource-based
industries are fixed in location. This ﬁeans that the impacted
residential location closest to a mine may not have the miné as
part of ité‘tax base. Manufacturing firms, in cohtrast, tend to
locate within towns and become a part of the tax base. The semihél
example of a spillovef is the impact on Sheridan, Wyoming resulting
from the coal mines near Decker, Montana.

Finally, problems.are assbciated with the timing of resource
development. A front-end load develops when a new installation
begins to génerate tax revenue only after the populatidn causing
the impact has lived in the area for some time. The demand for pub-
lic‘services ih this case may exceéd the capacity pf the tax base
to finance them initially, evén though the problem may be alleviated
when the resource devélopment'comes onto the tax rolls. Another
timing probiem is the uncertainty about the duration of the project.
Capital spending decisions by local public authorities especiaily.
are affected. Unceftainty whether a mine will continue to operate
may prevent a school from being built because pupil levels would

fall if the mine closes, and the bond Tepayment would be burdensome
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without the mine tax revenues. Problems such as these may lower the
quallty of life in a locality temporarlly and also may lead to long-.

term social distress. 1

Objectlves and Statement of Purpose

This study quantifies the effects of energy development on
local areas in the Northern Great Plains. A simulation model is
designed to predict the time paths of employment, population;
employment participation (defined as the ratio of employment to
population), migration, wage levels, and local government revenues
and expenditures. The study thus deals with the basic elements of
the growth process because more complex issues cannot be investigated
unless these are uﬁderstood. Specific objectives of the study are:

(1) Estimate coefficients needed for the simulation model.

(2) Predict the time paths of impact variables given partic-

ular coal development scenarios.

(3) Examine issﬁes raised by adjustment problems and ‘evaluate

impact policy measures.

Justification for the Study

The study is of analytical usefulness since it yields informa-

tion about the responses of complicated economic and governmental

Lan illusttative case study is Gilmore and Duff (1974).
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systems to major perturbations. Such considerations are not treated
well in standard economic theory and in existing econometric models.

The study also has policy uses. The better idea that planners‘héve

of impact effects and the probability of their occurrence, the better

they can plan to alleviate undesirable consequences. State and na-
tional politicians will be able to design more effective laws, ta&
systems and intefgovernmental funds transfers.

The simulation model has features which make it of additional
interest. Componeht parts of the model can-stand alone. The tax
algorithms, for example, can be applied independently to obtain
evaluations of alternative tax systems. The model is basea on sec-
ondary data so that the approach can be used in regions other than
the NGP. The model can be expanded or contracted as needed for
particular applications without destroying the overall structure.
The model is also useful in assessing the magnitude of\the economic
damage that might be suffered by a commumity adjusting to rapid
growth. This magnitude is important since the likelihood of local
opposition and consequent delay or even abandonment of the project
depends on the s;alé of economic loss. It also provides a measure
of the economic incentive which would encourage rapid coal develop-
ment.

Some other studies in this general area include those by

Kfutilla and Fisher (1976), Stenehjem (1975), Leistritz (1976) and

!




-10-

Ford (1976). Econometric modelling of regional systems often does
not address adequately the types of‘problems associated with rapid
development of natural resources in rural areas. Regional studies
tend to be directed at urban rather than rural areas. .The economic
structures are quite different. This criticism is especially rele-
vant to those studies which use input-output analysis. Rapid growth
in simple rural economies almost guaranteeé that changes wili oceur
in the input—oﬁtput matrix, thus‘making earlier matrices invalid.
Further, each community may have a different input-output Structure,
so that models will'not be portable‘across communities. Another
problem is that most studies focus on regions rathef than localities
due to data limitations, questions of methodology, and issues of
interest. However, localities are the jurisdictions which must be

analyzed when considering specific impacts.
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Chapter 2
THEORETICAL ANALYSIS

Economic theory underlies the logical structure of the local
impact model. The model is designed to predict the time path ofl
secondary and induced effects on employment, population, employment
participation, migration and wage levels, and local'govérhment re-
venues and expenditures. The model is driven by an exogenous demand
for coal expressed in tons df coal mined per year and emﬁloyment
levels. An endogenously derived demand for service activities is
generated. The.geographic location of the derived demand for ser-

vices is the main concern of economic base and central place theory..

An increase in the demand for ancillary services raises the wages and

incomes of proprietors. The model contains two résponses to greater
demands in the service sector. First, employment participation rates
increase. Second, labor moves into the area; that is, net migration
patterns change. These are the labor supply responses in the model.
Labor supply and demand taken together form the labor market com-
ponent of.the simulation model.

Local government revenues énd spending are the second component
of the local impact model. Both revenues and expenditures change in
response to population and income changes. The revenue side of the
model is derived from the tax codes of each stafe and no statiétiéal

estimation is necessary. No theoretical justification for such

equations is required and revenues are not discussed in this chapter.
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Local government spending on the other hand is treated statistically,

so the theoretical determinants of such spending are dealt withfbelow.

Labor Demand

Time and space are two fundamental factors which affect the
derived service demand for labor in a locality. Neither are treated
well in standard economic theory. Received doctrine in economic
theory is concerned almost solely with analysis of equilibrium. It
would be desirable to explain the rate of adjﬁstment of service sec-
tors to exogenous changes; that is, the proéess of adjusting to
equilibrium. Perhaps the only relevant theory in this regard has
to do with stock adjustment models, in which costs of being out of
the equilibrium position are balanced against adjustment costs.

When attempts were ﬁadé to apply this model by estimating a partial
adjustment model for ancillary employment, the results were unsat-
isfactory. The time adjustment problem is treated on an ad hoc basis
by using lagged variables. No theoretical discussion of'time;related
effects is carried out in this chapter.

‘The location of service activities in economic space has two
aspects; identifying the levels of demand for services, and deter-
mining where those demands are satisfied. An integration of economic
base theory and central place theory is the most useful for a region-

al simulation model.
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Economic base theory relates induced activities in a region to
exogenous activities.? The economic activity can be measured by
either income or employment. The relationship usually is expressed
as an economic base multiplier. This is similar to the Keynesian
multiplier,-and is derived using the same logic. In economic base
terms, there is a pfopensity to spend locally. Sequential rounds of
such spending, driven by exogenous basic activity, can be summarized
in the multiplier.' For a full treatment of this aﬁproach to economic '
Base theory, see Tiebout (1962).

Economic base theory also can be expressed in terms of ihput-
output analysis. The economic base model can be conceptualized as
an input-output model with only two sectors. If the econoﬁic base
multipliers are "pure' (that is, if they represent a relationship
between ancillary employment and basic employment which includes no
other variables), then the economic base multiplier is mathematically
identical to the input-output multiplier (Billings, 1969).

It is just this "purity' which is compromised by considerations
involving economic space. The fixed coefficients in input-output
analysis best describe a complete system; that ié, a functional

economic region which is self-sufficient in ancillary services.

2Induced, ancillary, and Service activities are used inter-
changeably, and basic and export activities are the same.
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Localities, especially rural regions of the Northern Great Plains, are

never self-sufficient. Some goods and sérvites are always supplied
from outside the region. Central place theory attempts to explain the
location of economic production; econémic space is its major concern..
The approach of central place theory is given in the articles by

Parr and Denike (1970), and Parr, Denike, and Mulligan (1975).

Central -place theory is concerned with the reaéons for the devel-
opment of central market areas (urban areas) which serve populations
in the surrounding hinterlands. ’The point of departure is to recog—.‘
nize that for any good there is a unique production function which
determines the optimal scale of output, firm size; and cost of pfo-
duction as well as transfer costs of the good to cbnsumer;. The
transfer costs are borne by consumers who must purchase the good in
a market at some distance from.the point of use. Transportation costs
differ among goodé even if the market location is the same for both.

Least cést production locations depend upon both the production
functions for each service activity and the density and distribution
of consumers. Free eﬁtry will cause productioh location to be dis-
persed given the markét size required by the production fgnction and
competifion from distant rivals. Thus, firms are dispersed at evenly
spaced intervals throughoﬁt the region if the production function
allows profitable operation at low levels of output. Centralization.

will occur when large scale production is required for profitability.
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Thus, goods can be raﬂked according to the size of the market area
required for profitable production. This in turn defines.a hierarchy
of central places measured by the higﬁést ranking good'produ;éd in
each. .

The coﬁditions influencing the local supply of services aré
illustrated in figure 3. If a good is produced in a central place,
the delivered price to a conéumer at a remote site depends‘on distance.
For any production function there is a critical distance beyond which
the local demand at the remote site is sufficient to allow lower prices
from local production. .This critiéal distance is different for dif-
ferent goods. Thus, in the aggregate there should be a émooth rela-
tionship between distance and the amount of ancillary activity, given
the level of basic activity. |

The economic base multiplier must be adjusted for distance from

"a central place; however, specification of the precise nature of the

adjustment is beyond the scope of theory. At sites adjacent to central

places, ancillary activity would presumably be at a minimum. At the

" other. extreme would be remote sites. These places would have the full

level of service activity_néeded to complement the basic activity which
exists. Thus, the value of the multiplier will vary between these

extremes, but the nature of the variation is not-known.
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Figure 3--Conditions Influencing Local Supply of Ancillary Services.
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Labor Suppiy '

The‘expandlng employment demands of a grow1ng ‘Tegion can.be met
in several ways. Expan51on of the populatlon pool from whlch workers
3;afe drawn can'come about due to either natural 1ncrease<or net migra-
tion into'the region.‘ Also, a population»pool of given size may suppiy
more WOrkers or ekisting workefs,maY'put in'longer‘hours. ‘The labor"
supplyﬂresponse includes all these; however, some are more susceptible
to economic'analysisvthan others. Natufal'increase especfaily-may not
‘be associated directiy with'economic-factors in the short Tun. There-
fore, no theoretical treatment of thisvsubject-Will be given-hére, nor
. fs it considered-an-emnirical economic issue in the materiai to_follow.

Economic theory treats each worker.as an independent decisfon-__
naker.and focuses attention on the response of hours worked to- compen-
sétion For present purposes this analysis must be broadened by
recognlzlng that households Tnot 1nd1v1dua1s constitute the dec151on
maklng unit and by 1ncorporat1ng the effects of economic space on the
labor supply response.

Analysfs of the household labor sunply decision can proceed along>
the lines given by.Bowen' and Finegan. (1969, pp. 569-570).thn their
model, the household maximizes e utility function which has as’argu—'

_ ments ‘the quantltles of goods consumed by the family, hours of 1abor

‘supplled by each famlly member, and hours of lelsure avallable to” each
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'family member. - Market prices 1nc1ud1ng wage rates are assumed glven
Ut111ty max1m1zat10n 1mp11es that the .rate at which- the famlly is -
: w1111ng to substltute one good for - another (1nc1ud1ng 1e15ure) is the-
‘same as the rate at Wthh it can do so. Hours supplled 1n the labor .
market by each famlly member are 1mp11ed

A The 1nst1tut10na1 fact is that the hours of work for most jobs"
- are "1umpy" 'The choice is to werk or not to'work The feeult is ah

approximation to the 1abor supply dec151on implied by ut111ty max1ma—

thnx The.approx1mat10n is not perfect because overtime and.part-tlme,

jobs are not correctly taken into-account. But the weight of the evi-

dence is that a standard‘wotk week predomihates. .Altheugh‘the ndmbef o

of houfe worked by each family menber cannot he'cpnsidered_the total

number of all jobs held by the ﬁopulation, it is a close appfoXimation.'

Ideally the model also should be extended by.considefing iife
cycles of family memhers; \The utility functioh in such a hodel in- -
cludes afgumente-fot each period in the lifetime ef the household,

(a diffieult concept in itself), with future variables diSCOanted
approprlately The end result would yleld an optlmal temporal pro-
file of the household w1th the number -of ‘jobs held by the famlly and
its 1ocat10n in each time perlod determlned A model built along -
, these 11nes would contaln so many unobservable varlables that 1t _

would not be operat10na1

{l
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Economic space could be taken into account by making‘all arguments

~ in the utility functiqn‘sife-épecific.‘ The ﬁtility of leisure houré,.
- for inétancé,.would,depend in ﬁart on'locétion.‘ Wage rates wéuld be
site-specific as well and include ndt only fegional différences but
also moving or commuting costé and_un¢ertainty costs. ‘Thus; the numbér
'.of variables in the Bowen-Finegan model wouxd be multiplied Bf‘the

number of possible sites. .In a national context this raises the mumber

. of 'variables to a level with which empirical analysis is incapable of = ..

dealing.

bealing'directly with the aggregate supply of labor instead of
formally deriving it from utility méximization fhéories ailevigfeé the
estimafion’problem.» Figure 4 illﬁstrates the theoretical 1ab§} éuppl?.-
funétion; Most rural areas have‘avefage wagerleyels below'thosgléf -
the United States. Tﬁeiﬁopulation in these areas»preSuméb1Y:remaiﬁs )
because of non-markef site aménitigs.

What kind of fespénSe can be expéctedtfrom iﬁcreasing wages én .
a regioh of this sort? There are thfee possible éoufces of'iﬁérgased
supply; Fifst{ the local labor Supbly may change due to intefregional

migration. This is likely to:be.the:mpst important Of.thé wage-mediated

sources of ‘labor supply. The shape of the graph in figure'4 represénts ‘

the expected nature of the résponse.f At wage rates below existing

levels there will probably be substantial outmigrgtion; best‘Qf-the‘

'.Tegibhs infthis'study have been netfloéers'of'pbpulétioh‘QVer:the_basf.
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Figure 4--Expected Labor Supply Response in Low -Income Areas.
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aecades. Predevelopment wage levels coupled with site amenities were -
associated with this rate of population loss. It is plausible to
suppose that if wages were any lower the movement of people out would
become substantial. On the other hand, wage levels between existing
levels and the nafional average would céuse marginal changes. Most
people primarily attracted by the site amenities are already in the
region; those primarily looking for high wages can do better-elsewhére;
But as wage levels approach and then exceed nationél levels, the»region
would be attractive to a wider field of potential inmigrants. Iﬁvother
words; when wages are below national levels the market supply area is
limited to nearby regiohs with similar site amenities. Migrants from
distant areas are few. But as wages approéch and then exceed national
levels, there is expansion in the labor market supplf areé; the‘whole
nation becomes a potential source of migrants. Therefore, net migra- -
tidn‘would be very sensitive to wages at these levels.

Second, there may be internal shifts iﬁ labor use dﬁe'to factor
substition. This effect is minor in a sparsely settled rural area.
Third, there might be an increase in employment participétion rates.
This effect, however, is unlikely to be-large either. In-rural areas
it is more probable that employment opportunity father than compensa-
tion is what draws workers from the existing population. Thié may be
thé case.for several reasons. Rural areas are likely to be short on

jobs. There may be people who would be willing to work at low wages




e VIS -

LV S i

-22-

.1f jobs were available. Traditionally in this category are those who
are not heads of households. Shortage of local jobs means an inability
to.find work locally, and rural isolation makes commuting to distant
jobs -diffiéult. Therefore, wages are not included as an eXplanafory
factor in the‘employment participation equation. |

In summary, migration may be by far the most important source of
new labor for boom areas. In order to induée appreciable numbers of
ﬁigrants to move in, wages may have to risé considérably. Thus, boom

areas may experience local inflation.

Local Government Spending

Analysis of this issue requires analysis of the demand for ;hése
goods which are supplied by governments 1oca11y.3 The analysis out-
lined here closely follows that of Borcherding and Deacon (1972), and
Bergstrom and Goodman (1973). The critical assumption is that the
mediaﬁ quantity of public spending demaﬁded is that demanded by'the
votér with the median income. If public authorities spend that
quantity preférred by the greafest number of voters, then the median
spending level will be adopted. This‘means that only the median

voter's preferences need be analyzed.

3Goods and sefvices supplied by governments are assumed to be
at least partly 'public goods'.
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The analogue of sales price in the case of pﬁblic goods is
production cost. . The cost of capital goods through time is determined
in fhe national labor market and is not affected by one commmity's
purchasés. Wage costs are a fUn;tion of local labor supply and demand.
In the case of public géods, cost of production is divided among all
taxpayers so thét population size influences price. As long as the
goods are public in some degree, this effect holds true.

Utility maximization yields a point on the demand curve of the
median consumer. Constant elasticities of price and income are assumed
in order to generate the complete demand curve. Income is, of course,
median income. The constant elasticity assumptions determine the form
of the demand.function; that is, it is linear in logarithms.

In -summary, then, the theoretical determinants of local public
spending are median income, wages, and population levels. These
variables are related in a log-linear fashion to the logarithm of
public spending at local levels, and do not reflect condition§ in

the national capital goods markets.
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Chapter 3
ECONOMETRIC ANALYSIS
Portions of the simulation model which depend on statistical
estimation are ancillary employment, employment participation rates,
migration, and local government spending. The discussion for each

of these proceeds from the theoretical analysis developed earlier

to a functional form suitable for estimation.

Data

The county is the primary unit of analysis.. County—spécific
data are from Bureau of_Economic Analysis (BEA), U.S. Department of
Commerce, '"'Local Area PQrsonal Income, 1969-74", and '"'Local Area
Employment''. The emphasis of the study is on rural areas, so the
data base is restricted to 181 counties not adjacent to a Standard
Metropolitan Statistical Area (SMSA). The counties include most of
North and South Dakota, plus selected areas of Montana, Wyoming, and
Colorado (Appendix A). The data base constitutes the years 1970
through 1974 for each of the 181 counties in the sample. Data for
the years 1971-74 are used to estimate the dgpendent variables in the
equatioﬁs, and the 1970 data serve as the source for lagged variables.

A few variables are taken from othef sources. The 1970 Census is
the source for three variables; distance to the nearest trade center,
largest town in the county, and largest adjacent town. All are used

in the ancillary employment equation. All local government spending
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data are from the 1972 Census of Governments, the latest available

figures. Fiscal data are used from Montana, North Dakota, and.Wyoming.
These are the only states in the region with expected major coal devel-
opment. The government spending equations are estimated separately
for each state, instead of pooling the observations, because varia-
tions in the provision ofhlocal services by t&pe of local jurisdic-

tion from state to state mean that a common spending response is an

- unwarranted assumption.

In summary, the equations for ancillary employment, employment
participation rates, and migration are estimated with a data base
composed of pooled time series, cross-section observations: 181
counfies over. four years. A simple cross-section of observations .on
the counties of each state are the data for the equations for local

government spending.

Estimation Methods

The parameters to be estimated are part of a system and‘system
estimation methods are necéssary. The set of equations making up the
systém is given in Appendix B. This set constitutes a recursive System.
The independehf ﬁariables include some which are endogenous to the
system for all stochastic equations except that for ancillary employ-
ment. These variables f§r the most part are transformations of depen;

dent variables estimated in other equations. The system estimation
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method is two-stage least squarés. Transformations on the endogenous
variables are required after the first stage, so it is not feasible

to use a standard package for two-stage estimation. Ordinary least

squares is used for the first stage variables which are used as inde- -

pendent variables within the system (these are anéillary employment,
wages, and indigenous_population), and the necessary transformations

are applied to obtain the instriuments used in the second stage. The

second stage estimations are carried out using ordinary least squares.

Significance tests are calculated using formulae appropriate.for two-
stage least squares.

This procedure yields consistent estimators in the absence of
violations of assumptions usually made in the classical least-squares
moael. HoWever, it is not clear what effect such violations would
have on the properties éf the estimators. This is because the'cém—
biﬁatioﬁ‘of lagged dependent variables, nonlinearities, and simul-
taneity in the model makes it difficult to_determine the consequences
of violating assumptions or to design appropriate tests for such.
conditions. Therefore, it is not possible to assert with compiete‘

confidence that the estimators are consistent.

Ancillary Employment

The thebretical'relationship between economic base analysis and

central place theory suggests that the basic employment multiplier
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should be related to the distance between the county of interest and
a major trade center. The relationship chosen is quadratic. It is
also possible for a given couﬁty to serve as a service center for
nearby areas. For these reasons, the independent variables in fhe
ancillary employment equation include the level of the economic base
in a county in a product relationship with a quadratic function of the
distance to the nearest trade center, as well as the level of basic
activity in adjacent counties. It is not likely that ancillary
employment adjusts completely to equilibrium within a single time
period (one year), but theory gives no guide about the nature of the

adjustment lag. A partial adjustment model was unsuccessful in

explaining the adjustment mechanism. Allowance for lagged adjustment
is made by including ﬁhree 1égged variables: (1) the dependent
variable, (2) values of the base-distance relationship, and (3) the'
“value for adjacenf basic activity. The remaining independent variable
is lagged ancillary wage rates scaled by the size of the largest town
in the county, and it represents the effect of income on ancillary
services demanded. The higher incéme levels are, the more services
will be demanded.

| Measuring the economic base is difficult since the daté'are from
geographic entities which do not correspond to functional_econbmic

regions: Ideally, basic‘and ancillary activity are distinguished by
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.the origin of the demgnd for fhe'produets sold by the industries
concerned. But since if is impossible to identify demand sources
precisely, the researcher is constrained to use standard 1ndustry
classifications. The prohlem then is to ‘allocate employment within
an industry to the basic or ancillary sectors. The economic base is
assumed to be agricultural employees and proprietors, employees in
-,ﬁining, manufacturing and the Federal government, plus any employees'

. - . . . 4
in transportation and construction over the regional averages.

Resuits of the estimation of the ancillary employment parameters .

are summarized in table 2. The coefficients dys 8z, and a, as a group
express the relationship between ancillary employment and the economic
base-distance quadratic’function. The negative sign on a, implies
that the graph between the ancillary employment multiplier and dis- .
tance is concave downward. This means that employment in the service
sector increases at a decreasing rate with distance from competitive
supplierstat major trade centers.

A Chow test shows that the lagged variables are significant as

a group. This supports the hypothesis that adjustment to equilibrium

is not immediate. Signs on other variables are as expected. The high =

4The method of location quotients is used in the case of
transportation. TFor a discussion of the virtues and drawbacks of
these methods, plus the method of minimum requirements, see Lewis
(1974). For a caveat on the indiscriminate use of methods such as
“location quotients, see Park (1970).




Table 2

--Estimating equation for ancillary employment

Northern Great Plains counties, 1971-74 a/

: Estimated : F
Equation : coefficients : statistics Definition of variables
Dependent variable
»uaet Ancillary employment; total employment minus basic employment in year t.
t variables
and coefficients b/

3, -32.91643 : Constant

a, mt_l 1.04194 </ ANCEWP in the prior year.

a , BASE 0.42970 79.06 Base is defined on page 28 of the text.

ay lﬂ! D -0.00305 7.58 Distance to a trade center multiplied by mt.

s, BL?Et Dz -0.000005 0.83 Distance to a trade center squared multiplied by B,GEt.

aq Am'!lASEt 0.12597 25.70 BASE, which is largest in any of the adj. counties multiplied by the ratio of the size of

thé largest local town to the largest town in any adjacent county.

4% BAEt-l -0.42446 70.50 BASE in the prior year. 4
~o

a, BASE , D 0.00338 8.87 Distance to a trade center multiplied by BASE, ;. -To

a g BASE 7 0.000005 0.63 Distance to a trade center squared multiplied by BASE, ;.

2, Anmzt_l -0.13680 28.04 ADJBASE in prior year.

a0 'ut-l T 0.00008 0.17 Mean salary § eamnings, thou. per vr., of ancillary employees § proprietors multiplied by

size of the largest local town.
e Error
1t
Statistics

R 0.99

F c/

S.E.E. 126.07

Mean of ANCEMP 2353.67

d.f. 713.00

a/ Coefficients estimasted using ordinary least squares on a data base of 181 counties for 4 years.
B/ Coefficients are rounded to the fifth decimal place.
&/ larger than 10,000.
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coefficient of determination for this equation and thc low ratio of

the standard error of the estimate to the mean of the dependent var-

iable.imply that the equation should perform well in a simulation role.

Results obtained here are similar to those obtained by Bender
(1975 and 1977). Those studies also show the importance of distance
variables reflecting the importance of the central place in the econ-

omic base multiplier.

Employment Participation Rates

The determinant of the ratio of employment to population is
assumed to be employment opportunifies in the county. The percentage
change in employment from the preceding year is used as a measure of
this. The percentage change'in employment is entered as a quadratic
to account for the fact that employment participation can not be
expected to maintain the same marginal response as eﬁplpyment oppoT-
tunities grow. The sign on the linear term should be positive.and on
the quadratic term negative if there are demographic limits to the
proportiép'of the population that cén be employed.

The dependent variable is not thé-employment/population ratio
for the county, but the ratio of this figure to that for thevU.S. as
a whole. This specification allows national trends to influence the
fraction of the population employed. IThe lagged dependent variable
is also included on the right hand side of the equation to control

for local demographic variations or other ummeasurable variables.
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This approach contrasts-with-other‘studies of labor force partic-

_ ipation rates, notably that of Bowen and Finegan (1969). Bowen and

Finegan use census data and primarily demographic variables such as
age and sex. Their approach is not feasible because annual data of
that sort are not évailable.

Estimation results are summérized in table 3. All variables have

the expected signs, and the F statistics for each variable show sig- .

nificance at the 5% level. The coefficient of determination is high

given that most of the data variation is cross-sectional rather than

temporal. The low ratio of the standard error of the estimate to the

mean of the dependent variable augurs well for simulation use of this

equation.

Net Migration

' The determinant of migration into a county is expected income |
which includes both wages and employment opportunities. Employment
change is entered as a quadratic to allow for the possibility of a |
non-linear response. Initial population of the county in_fhe current
year.(priof to migratioh)'is included because large populations may
attract mobile persons. But, Whether a large population is.associated
With either a large net infiux or a large net outflow or an aﬁproximate
balance between the two is uncertain. The légged dependent'§ariéb1e
implies lagged adjustments to economic conditions. The lagged value

of the ratio of employment participation rates should adjust for tight




Table 3--Estimating equation for relative employment participafion
rates in the Northern Great Plains counties, 1971-74 a/

: Estimated

-

F :
Equation b/ : coefficients : statistics Definition of variables
Dependent variable
RELLFPR, Fraction of county population employed
relative to U.S. fraction, in year t.
Independent variables
and coefficients
bO' 0.037 - Constant
b; RELLFPR__; 0.961 - 6493.58 RELLFPR in prior year.
bv.ETIlPt 0.602 122.98 Percent change in total employment
“. 2 from prior year to year t.
by PCEMP, -2.314 44.48 Square of PCEMP, .
P Error '
~ Statistics
R’ 0.90
F 2173.24
S.E.E. 0.05
Mean of RELLFPR 1.008
d.f. 720.000

a/ Coefficients estimated using two- stage 1ea<t squares on a data base of 181 counties

for 4 years.

b/ All estlmated values rounded to the thlrd decimal place.

_Zg_
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.local labor markets. Wagés are entered using an exponentiai functibn-
al form with an arbitrary base. The expected response of migration

to wages is curvilinear; that is, at very low wage rates outmigration -
should be substantial, at average wage rates nct migration should not
be very responsive to marginal changes, and at high wage rates inmigra-
tion should be heavy and very responsive to wage changes. Attempts to
- incorporate this hypothesis using functional forms such as third-or&er
polynomials yielded negative slopes over the middle range of the data.

Thé pérticuiar function chosen forces positive slopes everywhere.
The exponential operatéé-bﬁly for wagé rates greater than $S,000 per '
year. Levels of outmigration whicﬁ would be associated with lower
wage rates produce an arbitrary wage rate of $4875 in the simula-
tion model.

Results for the migration estimation procedurc are givén‘inA
table 4. This regres;ion is less successful than the preceding two
when one considers the equation as a whole. . The primary reason for
this probably involves deficiencies in the data for the dependént
variable. Net migration.&ata are taken partly from the Curfent

Population Reports of the Census Bureau, which regards migration as

‘a residual after determining population change and natural increase.
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Table 4--Estimating equation for net migration in
Northern Great Plains counties, 1971-74 a/

—t’E'

Estimated - F :
Equation b/ : coefficients : statistics : Definition of variables
Dependent variable
MIGt Net migration in year t.
Independent variables
and coefficients
<o 81.8002 - Constant
< POPINt -0.0080 25317 Population in year t, prior to migration.
&5 MIGt_1 0.5961 266.13 MIG in prior vear.
¢, EXPONENT, 60.3945 198.35 Base e carried to the power {2(wage  5.0)} c/
Ci EMPCHt 0.4719 24.90 [otal employment change from oricr yvear.
L
CS B!PC}it -0.0001 14.79 Square of Etpa_{t
cg RELLPR_ | -72.0162 0.89 RELLFPR in prior year d/
€z Error
Statistics
R” 1,625
F ~3.906
S.EE. 520,833
Mean of MIG 3R.315
a.t. 7:6.000

a/ Coefficients estimated using two-stage least squares on a data base of 181 counties for
4 years.

b/ All estimated values rounded to the Iourth decimal place.

c/ WAGE, defined in table 2.

d/ RELLEPR defined in table 3.
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The figures are reported in units of 100, so for small counties there’
is iikely to be a large‘percentage rounding error.’ This fact nrobably-
accounts for the coefficient_of determination being 1ower_for thie
eduatdon than for others in the syetem; and for the high ratio of the
standard error of the estimate to the mean:of.the dependent yaTiabie.
However, the individual variables in ‘the equation perform as expected
for the moet part.. The only case of a éign being incorrect is that on
.the employment ftaction variable, but the coefficient is not significant
in any case. The estimated equation succeeds in explaining five-eighths,.
of the varlance in net mlgratlon even w1th llmlts of thls kind.

The approach taken contrasts w1th ‘that in the lJterature asn
summarlzed by Greenwood (1975). Greenwood's concern 1s point—to—point‘
flows, that'is gross nigration.'.His analysis concentrates on -such
factors as the distance between the or1g1n and the destination and
.the information available to 1nd1v1duals concernlng remote areas, as -
well as more obvious economic comparisons of the two regions. A |
similar approach discusses the determinants cf gross migrationa‘in
the Northern éreat Plains (O'MEata, 1977). - But the issue of the
placea‘of origin of the‘inmigrants or the destinations of the out-
migrants is unlmportant when ohe is concerned .with a partlcular reglon
And, only local economic conditions are feasible to con51der since

there are so many possible origins~and'destinationé{
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Local Government Spending

The determinants of sﬁeﬁding by lécal governﬁents should ‘include
median incomez'césts of providing services{ and population.leVels.
Median income figures are available 6nly from the 1970 qensﬁs Qf_'
population and.not fdr 1972.which‘is the date for which goVerﬁment
spending data -are available. .Wages are- the only soufce of variatioﬁ
in productién costs‘sinée cross section data are used. Since wages
would represent both demand and supply effects,'they are eliminated
from the estiméting equaﬁionsQ.

Spending aggregates are used. The explanatory power of the
- equations is thbught to decline as the Speﬂding category becomes more
specific due to inherenthariability'among jurisdictions. .The:e4ua-

tions are estimated in log-linear form in order to allow for possible

scale effects. Results are given in table 5. Economies .0r disecon-

omies of scale appear to exist for a number of jurisdictions, espe-
cially in Montana and North Dakota. The explanatory power of the
equations is good.on. the whole, -especially for schoollexpendituresi

The low ratios of the standard errors of éstimates to the means of

the dependent variables leads one to expect that the equatiohs~wou1d"

perform -well in a simulation context.

The evaluation of the individuai equétions has beenkin a pfedic—-

tion context with each equation taken $eparately. The prediction
performance of.the system is treated beldw.
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Table 5--Estimated coefficients of annual expenditures for
counties and schools, Northern Great Plains, 1971-74 1/

Estimated coefficients by government b/

: Counties : Schools
Equation : Montana : N.Dakota : Wyoming : Montana : N.Dakota : Wyoming

Dependent variable
lnGO\'lt c/

Independent variables

§ coefficients d/

dip :10.929 0.423 =~ -1.750 -1.280 -1.729 -1.213
dillnFOPt ©0.647 0.675 0.938 0.983 1.011 0.994
|

Statistics
R: - 00736 0.865 0.749 0.937 0.928 0.955
F . 92.065 319.059 35.799 492.879 644.965 256.164
S.EE. 110,333 0.222 0.447 0.219 0.234 0.177
Mean or InGov . 6.342 6.423 €.824 6.951 7255 7.879
d.f. - 33.000 50.000 12.000 33.000 50.000 12.000

Estimated using two-stage least squares on a data base of 181 counties.
/ All estimated values rounded to the third decimal place.
Log base e of totai government expenditures in 1972
The coefficient d.. is a constant, and e, is the error term. InPOPt is the natural
logarithm of population in vear t. §

|§;.4r,|?1w

_L&_'-




L Ll

Chapter 4
TAX SYSTEMS OF MONTANA, NORTH DAKOTA, AND WYOMING

This chapter describes briefly the tax systems of Montana, North
Dakota, and Wyoming, and compares them with respect to revenue. gener-
ated by coél mining and related development. The material is taken
for the three states respectively from Thompson (1977),>Vbe1ker’et. al.
(1976), and Thompson and Schutz (1977). For a full description of the
tax systems of the thfee states the reader is referred to these pub-
lications. A summary of the tax system of egch state will be given
here.

In Montana, property taxes generate more than half the total
State and local tax revenue, with the personal income tax a distant
second. There is no general retail sales tax in Montana. Taxes on
natural resources in 1976 were the fourth largest source of State
and local revenue, after the property tax, personal income taxes,
and highway user taxes. This revenué source is the fastest growing,
however, accounting for 2.7 percent of revenues in 1974 ‘and 6.3
percent in 1976. Moreover, the contribution of this sector is under-
stated because the local ad valorem minerals gross proceeds taxes are
included in propérty taxes. Of intergovernmental transfers within
the State, the most important is the school foundation program.

North Dakota has three primary sources of State and local revenue:
property taxes, fetail séles"and use taxes, and net income taxes. |

These account for over 70 percent of total revenue. Mineral taxes
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in North Dakota account for less than 5 percent of total tax collec-
tions. As coal mining has proceeded in the State, collections from
the coal séverance tax have risen from nothing in fiscal 1972 to ovef'
$5 million in fiscal 1976. No gross proceeds tax exists in North
Dakota. The most important intergovernmental transfers are the school
foundation program and the personal property tax replacement grants.
North Dakota no longer taxes personal property and the State comben—
sates localities for this lost source of revenue.

In Wyoming, property taxes including minerals gross proceeds
taxes account for almost half of total State and local revenues. Also
important are sales taxes and mineral severance taxes. These three
amount to over 75 percent of all collections in fiscal 1977. This is
in part due to the fact that there is no personal or corporate iﬁcome
tax in Wyoming and in part due to the high valuation of minerals which

form a large part of the property tax base of the State. In fact,

mining'gross proceeds amount to almost half the assessed properfy value. .

Of this the most important is crude oil, which accounts for almost 8OA
percent of assessed mineral valuation. This reflects the historical
importance of petroleum in Wyoming. The importance of coal is much
lower but is increasing rapidly. As in the other states the school

foundation program is the most important intergovernmental transfer

program.
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Coal Taxgtion Comparison

There are broad similarities in the way coal mihing is taxed from
state to state. In general terms, coal can be regarded as property and
taxed in that way; the act of mining can be viewed as income-producing
activity and taxed on that basis; or coal can be thought of as'a non-
renewable capital asset, the mining of which justifies a special tax
such as a severance tax. All of the states use taxation schemes which
fall into these categories. But there are important differences as
well which influence both the magnitude and the timing of the fiscal
return that a jurisdiction can expect from a given mine.

Consider first the taxes that local jﬁrisdictions‘can impose upon
a mine. In all three states the only relevant local form of taxation
ié the property tax (except for an optional county sales tax in:
Wyoming). There are significant differences though, in the way the
property tax impinges on the mine. The coal itself is taxed.only in
two of the three states, Montana and Wyoming, where grosé proceeds of
mining are defined as part of the property tax base (table 6). .The
other general component of property taxation includes the usual sources
of property tax revenues such as land, structures, equipment, etc,
except that North Dakota has no personal property tax so that mine
and generating equipment are not a part of the tax base. The revenue
magnitudes from gross proceeds taxes dwarf those collected from other

sources.
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Table 6--Comparison of local jurisdiction property tax
mine revenue sources over three states: tax base

Tax component : Montana : North Dakota : Wyoming
Coal 45% of contract None Gross proceeds
sales price X
tonnage
Other Land, equipment Land, structure Equipment,
structure

North Dakota localities have a very small tax base for a given

‘mine compared to Montana and Wyoming. This is exacerbated because

North Dakota excludes personal property from the tax base, so that

the value of equipment, enormous in the case of a large dragline
operation, is not a source of local revenue in that state. The other
major point to be made involves the difference between the definition
of the taxable value of gross proceeds in Montana ana Wyoming. Montana
uses a lower valuation than does Wyoming for coal selling at comparable
prices.6 That, coupled with the fact'that in Montana taxable value 1is
defined as 45 percent of price times -tonnage, means that the yield from

a given mill levy is lower in Montana than in Wyoming. Alternatively,

-one can say that for a given amount of revenue, the share paid by the

6Telephone conversation with Warren Bower, Wyoming State
Supervisor of Assessments, March 13, 1978. '
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mine is lower and the share paid by the residents higher in Montana
than in Wyoming.

Let us now consider state taxes on the mining of coal. Table 7
contains, for each state, the distribution of taxes on coal. The
table is restricted to taxes levied directly on coal production, and
does not include income or license taxes paid by the mine, taxes on
coal held in inventory, or property taxes on equipment used by the

mine.

Most of the levies are earmarked and a comparatively small per-

cehtage of the revenue is available directly to the state general fumd..

The amounts available to the legislature for discretionary appropria-

tions can be augumented with some of the funds from the 'trusts"

. category. But the bulk of these trust funds have restrictions on

spending the principal.

Wyoming allocates a greater percentage of its coal revenues to

‘capital expenditures than does Montana or North Dakota. Montana has

the largest share going to trust funds. Since both Montana and Wyoming
tax the value of coal mined it is possible to compare them directly.
Montana has a higher tax rate and this is only partially offset by the
fact that the rate in Montana is applied to the 'contract séles price"
instead of the. actual sales price. The contract sales price is defined

as the actual sales price minus all taxes per ton. Given Montana's tax
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Table 7--Direct state levies on coal mining and distribution
of revenues, 1980, Montana, Wyoming, and North Dakota a/.

) State
Montana : Wyoming i N. Dakota
:% of contract :
: sales price : % of gross : dollars
Distribution E/ : X tonnage : proceeds : per ton
General fund 5.850 2.0 0.243
Impact aid
Earmarked .150 0.162
Categorical grants 2.625 2.0 0.405
Resources, trusts § other
Water 1.5 e/
Buildings 1.5 ¢/
Highways : : 1.0
Energy 1.125
Education : 4.770 d/ . 0.6 £/
. Trusts, .general ¢/ 16.250 2.5
Total 30.770 111 0.81

a/ Includes revenue from taxes levied directly on coal mining. Does

" not include income, sales, use, inventory, or property taxes other
than gross proceeds.

b/ Based on final distribution of revenues.

c/ Includes trust funds which can be appropriated for general pur-
poses.

d/ Assumes no school deficiency levy.

e/ There are maximum limits on these funds.

f/ Assumes full 6-mill foundation levy.
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structure this implies that the contract sales price is roughly three-
fourths of the acfual sales price. Since Mbntana's tax rate is almost
three times higher than Wyoming's, Montana's tax yield per ton mined
is about twice Wyoming's.

The tax yield can be expressed in a way that allows comparison
with North Dakota by making assumptions about coal prices and infla-
tion rates. North Dakota taxes coal on a per ton basis, but the tax
rate depends on the inflation rate. Specifically, the tax is 65 cents - .
per ton plus an additional-cent per ton for every one point increase

7 If the rate of inflation until

in the BLS wholesale price index.
1980 is assumed to be 5 percent per year, the tax rate is 81 cents
per ton. If the price of coal in 1977 on the average is‘$6 per ton
and is adjusted upward by the inflation rate, the 1980 coal price
would be $6.95 per ton. Assuming $6.95 coal it is possible.to express
W&oming and Montana coal taxes in dollars per ton. -
Montana's tax yield per ton mined is about twice that of either
of the other twé states (table 8). The fax yield for North Dakota is
about the same as that for Wyoming. The secoﬁd major conclusion to
be drawn is that local impact aid in North Dakota is about four times

as great as it is for either Montana or Wyoming. This tends to com-

pensate for the low level of local taxation in North Dakota. It also

-7The law allows an increase but not a decrease. It is a ratchet

éffect.
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Table 8--Direct state taxes per $6.95-ton on coal,
1980, Montana, Wyoming, North Dakota

Distribution

State

Montana

Wyoming

N. Dakota a/

General fund

Impact aid
Earmarked
Categorical

Resources, trusts § other
Water
Buildings
Highways
Energy-
Education

Trust, general

Total

0.300

0.143
0.008
0.135

0.304

0.058
0.246

0.838

1.588

--dollars per $6.
0.

95-ton mine price--

14

.14
.14
.31
.10
.10
.07
.04

.17

0.

77

0.243

0.567
0.162
0.405

a/ Assumes 5% per year increase in wholesale price

index.
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implies that North Dakota has more flexibility in compensating areas
adjacent to mines, which bear much of the impact but have little éf
the tax base, than would be the case in the other two states. (How-
ever, this conclusion must be modified because mosf of the impact aid
in Montana and Wyoming is discretionary, and therefore could be used

for adjacent areas. Nevertheless, the amounts per ton are much less.)

A third conclusion is that education, most of which is higher education,
is a major beneficiary'of coal mining in Montana, bﬁt receives little
or nothing in the other two states. Finally, since many of the trusf
funds have restrictions on spending the principal, it is relevant to
compare the per ton yields of the three states for all except this
category. Calculations show that the figures are: Monténa, 75 cents;
North Dakota, 81 cents; Wyoming, 60 cents. On this measure of cur-
rently available funds, North Dakota leads.

Other taxes paid by the mine or its employees or ancillary
service workers are numefous, but they do not make as large a con-
tribution to state revenues as do direct sfate coal taxes. On the
state level, the major revenue sources would include; for Mbntana;
the income tax, (including the corpofate license tax), the unemploy-
ment insurance tax, the motor fuels tax, énd the property tax on mine
equipment; for North Dakota, the personal and corporate income taxes,
the sales tax (applicable both to retail sales and mine equipment),

the unemployment insurance tax, the business privilege tax, and motor
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vehicle and fﬁel taxes; for Wyoming, sales taxes, unémployment insur-
ance taxes, the property tax on mine equipment, and motor vehicle taxes.
Rather than discuss each of these revenue sources separately, the reader
is referred to Stinson and Voelker (1978). In this publication are
summarized all taxes paid by sample mines and their employees for -the

three states considered here. Taxes are broken down by jurisdiction as

well as type. The numbers reflect 1976 tax laws, so they do not include '

1977 changes. But the effect of the 1977 changes was to enhance the

relative importance of the direct coal taxes discussed above.

School Foundation Programs

Foundation programs merit separate discussion because they are
the most important intergovernmental transfer programs on the state
level, approached only by coal impact disbursements, and because they
are often complex. The purpose of a foundafion program is to equalize
the school operating expenditures over the state and to assure that all
students receive a minimum funding level. In all three states the

foundation program works by defining an expenditure level per pupil

. (which varies with school size) and then allowing school districts the

product of the per pupil level times number of pupils, minus some

specified local taxation support. The state systems differ in how

Iclosely the schools are bound to the foundation spending levels by |

the tax formulas used and the degree of control by local voters over

tax levies.
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Montana has the most complicated and the most rigid foundétion
program because it is impoessible for lécal unvdted‘ievies to yieid
amounts greatér than the state-specified permissive budget. The -

_ foundation prpgyém in MoPtana is split into two parts (figure 5).
Counties are required toilevy 40 mills on all property. Not.more e
than 80 percent of the state-specified permissive budget may be .
generated by the 40-mill levy. Any deficiency is-made up by the
State;.any excess is trapsférred to the State.. Therefére, the county
revenue plus the State transfers yield exactly 80 percent of the
permissive budget. Using the permissive levy, school districts hay
levy 15 mills, or a levy sufficient to yield the other 20 percent of
permissive budget, whichever is less. If 15 mills are levied and are
insufficient to yield 20 percent, the State makes up the balance.
Thus, the school district cannot use this levy to éxceed-the pefmis-
;ive bu&get. -Any additibnal funds must comé frdm voted levies.

Botﬁ North Dakota and WYomiﬁg’give foundatién monies to schools
én the basis of per pupii expenditure levels times pupil numbefs
(again Qith school size relevant){ and subtréct_off some local tax
money. In Nofth Dakota, this is done by subtracting 20 mills times
the tax base for each-district from the foundation levels (figure 6).

Thus, the district is practically forced to levy at 1ea$t120 mills.'
| In Wyoming -there is a mandatory 22-mill levy which remains in the

. locality, and fhis amount .is subtracted from the foundation 1eVe15-"




%
gt - Rich

Maximum
permissive
budget

80 percent
of maximum
permissive
budget

0 :;ji>éﬁaired——-> 4

Breakeven

Poor

————

Foundation
transfer

<>

l
l
l
0

€----- Permissive >~~~ N G Voted, optional

optional

Mills Levied

Figure 5--Montana School Revenue and Foundation Program,
Three Hypothetical School Districts.

_GV_




School

revenues
Foundation
authorized | | e T T8 L
operating
cost

Foundation

transfer

_ |
0 €--Required--> 21 €¢---Optional, non-voted----41----345¢----Optional,

voted
Mills Levied

Figure 6--North Dakota School Revenue and Foundation Program,
Three Hypothetical School Districts.

_OS -




ey bl -l 1 LIl

_51_
(figure 7). These two procedures amount.to nearly the same thing, of
course. The difference between them is that in the case of rich
districts which generate a lot of revenue, the required 22 mills in
Wyoming can generate an amount in excess -of the foundation level,
which, unlike the case of Montana, remains in the local diétrict.
In North Dakota, the rich district has the option of levying less
than 20 mills and still reaching the foundation levels.

The other difference between North Dakota and Wyoming has to do
with local voter control. North Dakota districts can levy up to 24
mills without a vote. Wyoming districts can levy an additional 15
mills on top of the required levieé without a vote; voted 1e§ies‘can
add up to 3 mills over that. Thus, rich districts aside, there is
muqh greater voter control in North Dakota than in Wyoming.: |

Finally, North Dakota partially finances its foundation program
with a 21-mill levy on all loéal property. This money goes to the
State. Since it does not remain locally, it has no effect on'local
school levy decisions. To discourage competitive under-assessment,
the 21-mill levy is adjusted so that the locality generates the same
amount of revenue that would be generated by a 21-mill levy on
property assessed at the State average rate.

It should be re-emphasized that foundation programs apply to
operating funds only. Capital expenditures are the sole responsi-

bility of localities, and require voter approval for bond issues.
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The Model Tax Base

The tax codes of the three states have been computerized to férm
the revenue portions of the model. I am indebted to Tom Stinson, ESCS,
for supplying me with his ENERGYTAX nmiodels. These required only minor
alterations fof use as revenue subroutines in the simulation model.

The model’generates various components of the tax base. Coal
taxes are a consequence of exogenous coal mining activity. Residential
and personal property (automobiles) depends on population. Commercial
property is a function of ancillary employment. The model also gen-
erates total income and sales tax bases where these apply, as well as
various minor sources of revenue such as gasoline, liquor and cigarette
taxes. These are functions of population. This is meant to be indica-
tive rather than exhaustive, for the different kinds of tax are too

numerous to be listed in detail.
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Chapter .5
THE SIMULATION MODEL

Previous chapters have discussed components.of the simulation
model and statistical analysis of those components where this is
appropriate. In this chapter the complete model is discussed, with
emphasis on the intéraction among the components. Next, statistical
tests appropriate to a complete system are considered. These include
simulation tests on the historical data base used to estimate the
model and Monte Carlo procedures which generate forecast variances

for the model.

The Complete Model

Exogenous basié employment changes lead to changes in ancillary
employment requirements (figure.S). The total of these Tepresents
. labor demand. The corresponding labor supply response‘comes through
three channel;E natural increase, changes in employment barticipation
‘rates, and migration. The results ffom the labor market submodel are
values for, among éthef things, wage rates for ancillary employees
and - population levels. These enter into the determination of local
government expenditures. Finélly, State and local revenues are
determined. |

interactions among components which occur during the same time
period- are diétinguished from those which occur over time, and give

dynamic richness to the model. Both of these sets of interactions


















































































































































































































































































