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ABSTRACT

This research study analyzes the manner in which 
seven Nevada tax revenues and one Nevada tax base respond 
to changing economic conditions. In 1971-72, the seven tax 
revenues plus tax revenue from the tax base constituted 8l 
per cent of total Nevada tax revenue.

The seven tax revenues examined are: (1) general 
sales, (2) gasoline, (3) cigarettes, (4) distilled spirits, 
(5) beer, (6) light wines, and (7) fortified wines. Nevada 
per capita income, Nevada population, and relevant tax rate 
are used to explain variations in these tax revenues.

The tax base analyzed is known as gross taxable 
revenue. This tax base consists of gross casino gaming 
winnings before deduction of operating costs and is a mea
sure of the dollar consumption of gaming services in Neva
da. U.S. per capita income and U.S. population are used as 
independent variables in the analysis of gross taxable rev
enue .

A tax revenue model is developed to examine the 
seven tax revenues and a tax revenue source model to study 
the tax base. The parameters in the models are, for the 
most part, elasticities. Though initially nonlinear, when 
transformed logarithmically, the models become linear, with

x
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the parameters taking the form of regression coefficients. 
Regression analysis, using time series data for 1956-57 to 
1971-72, is used to estimate the parameters.

The estimates of the elasticity coefficients of the 
tax revenues with respect to Nevada per capita income dis
play considerable variation, ranging from .10 to 1.99• All 
but two, fortified wines (.10) and cigarettes (.14), are 
significantly greater than zero at the .01 level. Rela
tively inelastic are gasoline (.64) and beer (.74). Changes 
in per capita income appear to produce roughly proportion
ate changes in tax revenue from general sales (.96) and 
distilled spirits (1.05). Highly elastic is the light 
wines estimate (1.99).

There is considerably less variation in the elas
ticity coefficient estimates of the tax revenues with re
spect to Nevada population. These range from .32 to 1.11. 
All are significantly greater than zero at the .01 level 
except fortified wines (.32). Other than beer (.65), the 
remainder all have estimates close to one: gasoline (.83), 
cigarettes (.86), general sales (1.02), distilled spirits 
(1.06), and light wines (1.11).

There were no changes in the tax rates on general 
sales and gasoline during the period under consideration. 
Hence it was not possible to estimate elasticity coeffi
cients of tax revenue with respect to tax rate for these
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two items. Five tax rate estimates were made: distilled 
spirits (.70), light wines (.73), fortified wines (.88), 
cigarettes (1.06), and beer (1.06). The latter two esti
mates, with standard errors of .09 and .06 respectively, 
are not significantly greater than one.

Regression analysis on the tax revenue source model 
produced elasticity coefficient estimates of gross taxable 
revenue with respect to U.S. per capita income and U.S. 
population. The per capita income estimate was .92, and 
the population estimate 4.29. The former implies that 
changes in U.S. per capita income produce roughly propor
tionate changes in the consumption of gaming services in 
Nevada. The latter suggests that the consumption of these 
services is highly responsive to changes in U.S. popula
tion.

The above estimates indicate that Nevada’s tax 
structure is well suited to present patterns of growth in 
Nevada and U.S. per capita income and population. Assuming 
no drastic changes in these growth patterns, the State can 
expect an automatic growth in tax revenue which signifi
cantly exceeds its population growth. This rising per cap
ita tax revenue will permit an expanding level of public 
services without tax rate increases.



CHAPTER I

INTRODUCTION

At the 1921 meeting of the National Tax Associa
tion, J. F. Gannon, in an address to his fellow members, 
expressed the temper of the times.

"The expenses of our state and municipal govern
ments are continually increasing, both from the growth of 
population and from the higher standard of service demanded 
by modern living conditions. Therefore, state and local 
authorities are confronted with an ever increasing neces
sity for more money . . .

The Problem
As the French say, "The more things change, the 

more they remain the same". The problem of raising addi
tional revenue to meet the demands of an expanding popula
tion for more and better services is one with which states 
must continually grapple.

1. J. F . Gannon, Jr.; National Tax Association 
Proceedings, 1921, quoted in L. L. Ecker-Racz, "This is 
Where You and I Came In," National Tax Journal, XXIV, 
No. 2 (June, 1971), p. 267.

1



This problem is viewed from different perspectives 
by different observers. Some students of state fiscal pol
icy feel that the trouble arises from the fact that state 
tax structures are not sufficiently responsive to meet the 
rising demand for public services. Needed state expendi
tures rise faster than Gross National Product, while state 
tax revenues are less responsive to economic growth.

Others emphasize inefficient decision making proce
dures as the source of the predicament. According to this 
group, both sides of fiscal activity are in need of over
haul. The wrong kinds of taxes are used to collect the 
wrong amount of revenue. And once collected, it is spent 
for the wrong things.

Rising Demand for Public Services
Joseph A. Pechman has described the effects of

rising demands for public services.
These demands have strained the fiscal resources 
of the states and local governments, and they have 
responded with an unprecedented tax effort. Never
theless, the need for state-local services will 
increase faster than state-local revenues . . . .

The burdens placed on state and local govern
ments in the past two decades have been extraordi
narily heavy. They found themselves at the end of 
World War II with a large backlog of unmet needs; 
and rapid population growth has added new demands 
on top of this backlog. Between 1953 and 1963, the 
school-age population (those 5 to 19) rose HO per 
cent while the total population increased only 19 
per cent. In the same period, the number of persons 
over 65 increased 35 per cent. Thus, the age groups 
which require the costliest Government services and
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contribute least to the tax base - the old and the 
young — increased much faster than the rest of thepopulation.2

In 1971> the problem of how to finance these ris
ing demands had become quite serious. L. L. Ecker-Racz 
described the situation in highly pessimistic terms.

- Local and state government has been in the grip 
of fiscal pincers during most of our life times, 
except for the four or five war years when scarcity 
of labor and materials restricted spending. To be 
sure, the cry of fiscal anguish, especially from 
the older urban centers, is more strident now than 
at any time within our memory. One is hard pressed 
to identify a state or city of any size not in a 
budgetary bind. This fiscal condition: is all the . 
more noteworthy for it comes in the wake of pros
perity, feverish state and local tax activity, and 
dramatic increases in intergovernmental aids.3

Fortunately, there has been a substantial improve
ment in the fiscal position of state and local governments 
in the past few years. The rate of increase in the demand
for public services has declined as a result of declining

r
birth rates. On the other hand, inflation has brought 
about a rapid rise in state revenue from sales and income 
taxes. In addition, revenue sharing has been the source 
of much state revenue, although the fiscal improvement 
would have occurred even without revenue sharing.

2. Joseph A. Pechman,.Financing State and Local . 
Government (Washington, D.C.: The Brookings Institution, 
1965), pp. 71-72.

3. L. L. Ecker-Racz, "This Is Where You and I Came 
In," National Tax Journal, XXIV, No. 2 (June, 1971),
p. 267.
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However, it is doubtful that the States will con

tinue to enjoy surplus budgets for any extended length of 
time. Given the proclivity of state legislatures to spend, 
it is not unlikely that the States will again find them
selves confronted with financial crises.
z

Inefficient Decision Making Procedures
Many feel that what is needed to solve these recur

ring state fiscal crises is a good dose of efficiency in 
public sector decision making, i. e_. "fiscal rationality".

The concept of "fiscal rationality" or "fiscal 
neutrality" is extremely important in public finance. Tra
ditionally, application of this principle has been limited 
to the allocation branch of the public sector and the 
taxing side of fiscal activity. From this narrow point of 
view, a tax is nonneutral if it changes relative prices and 
thus "distorts" private choices. The resultant reduction 
in real income constitutes an "excess.burden".

More broadly viewed, the concept encompasses all 
four functions of the public sector (allocation, distribu
tion, stabilization, and economic growth) as well as both 
fiscal activities (taxing and spending). Furthermore, this 
more comprehensive interpretation recognizes effects which 
the fiscal activities of one governmental unit have on 
other governmental units. These intergovernmental effects 
may be either horizontal or vertical, depending upon



whether the effected governmental unit is at the same level
as the unit initiating the activity, or at a different 

hlevel.
Werner Z. Hirsch recognizes the importance of this 

concept in his discussion of state and local government.
Working toward the solution of America’s most 

urgent domestic problems in the seventies - in 
education, housing, health services, quality of 
the environment, and law and justice - will place 
heavy demands on the creativity and foresighted
ness of our state and local governments. These 
governments will be called upon not only to pro
vide better services, but to distribute them in 
a more equitable and more efficient manner. Since 
services provided by subnational governments al
ready represent a large percentage of gross 
national product - a proportion that is likely 
to increase in years to come - efficient perfor
mance will gain in importance. To stimulate 
efficiency, new incentive systems will have to be invented and instituted.5

"Fiscal rationality" is the main thread running 
through Norman B. Ture's critique of the fiscal plight in 
which many states find themselves.̂  Although he feels that 
this principle has been badly neglected in both fiscal ac
tivities, he is especially critical of the manner in which

4. See Bernard P. Berber, Modern Public Finance: 
The Study of Public Sector Economics. Rev. ed. (Homewood, 
Illinois: Richard D. Irwin, Inc., 1971), pp. 98-114.

5• Werner Z. Hirsch, The Economics of State and 
Local Government (New York: McGraw-Hill, Inc., 1970), 
p. vii.

6. Norman B. Ture, "An Appraisal of New Revenue 
Sources," National Tax Journal. XXV, No. 3 (September, 
1972), pp. 451-454.



6
tax revenues are gathered. There would be no dispute be
tween him and those who feel that people "think they pay

7less onerous taxes than they do, in fact, pay . . . "
This "fiscal illusion" has meant that "taxes have not gen
erally well served the purpose of pricing public sector

O
activities to the constituency". What is needed are rev
enue sources which "clearly convey to the taxpaying public 
the cost they must incur for the additional governmental 
expenditures".̂

There is widespread agreement concerning the exis
tence of state fiscal difficulties at the present time. 
Furthermore, most commentators would concur that these stem 
from both a rising demand for public services and a disre
gard of "fiscal rationality" criteria. Studies such as 
this, which generate predictive tools, should contribute to
some reduction in these difficulties.

\
Purpose of the Study

Nevada, contrary to popular belief, is not a "one- 
tax" state. In fact, tax revenue from general sales is

7. James M. Buchanan, The Public Finances, Third 
ed. (Homewood, Illinois: Richard D . Irwin, Inc., 1§70), 
p. 114.

8. Ture, p. 451.
9. Ibid., p. 452.
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more important to the state than that from the selected 
sales tax on amusements, although tax revenue from amuse
ment sales ranks a close second. Nevada’s other major 
sources of sales tax revenue are, in order of importance, 
gasoline sales, cigarette sales, and sales of alcoholic 
beverages (distilled spirits, beer, light wines, and for
tified wines). In 1971, tax revenues from all of these 
sources accounted for 85 per cent of total state tax reve
nue, most of the remainder coming from a variety of license 
taxes. See Table 1.

In this study, eight sources of tax revenue will be 
examined. Tax revenues from seven of these sources will be 
analyzed, while in the remaining case, the source itself 
will be the subject of scrutiny. These seven tax revenues 
and one tax revenue source constitute the eight dependent 
variables with which this study will be concerned. The 
purpose of this study is to determine the responsiveness of 
these eight variables to changing economic conditions.

The seven tax revenues which will be analyzed are: 
(1) general sales tax revenue, (2) gasoline sales tax reve
nue, (3) cigarette sales tax revenue, (4) distilled spirits 
sales tax revenue, (5) beer sales tax revenue, (6) light 
wines sales tax revenue, and (7) fortified wines sales tax 
revenue. Three independent variables will be used to ex
plain variations in these revenues: (1) Nevada per capita
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NEVADA STATE TAX REVENUE 
1971-72

TABLE 1

Sales Tax Tax Revenue 
(thousands)

Per Cent 
of Total

General $59,992 33.17
Amusement 45,447 25.13

Gaming Ser. $38,265 21.16
Casino Ent. 7,182 • 3.97

Gasoline 25,470 14.08
Cigarette 9,548 5.28
Distilled Spirits 5,440 3.00
Beer 892 .49
Light Wines 433 .24
Fortified Wines 142 CO0

Other3- . 33,499 18.53
$180,863 100.00

a. Primarily license fees and property taxes.

Sources:
U. S. Department of Commerce, Bureau of the Census, 
State Tax Collections in 1972, Series GF72, No. 1 
(Washington, D.C.: U. S. Government Printing Office, 
1972), pp. 7-8.
Nevada Tax Commission, Annual Report, 1971-72 (Carson 
City: Nevada State Printing Office), pp. 17-21.
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income, (2) Nevada population, and (3) tax rate (when rate 
changes have occurred).

There are two sources of amusement sales tax reve
nue: (1) the sale of gaming services, and (2) the sale of 
casino entertainment. As Table 1 indicates, the sale of 
gaming services is the more important of these two sources.

Most sales of gaming services in Nevada are subject 
to a graduated tax known as the percentage fees tax. The 
sale of gaming services subject to this percentage fees tax 
will be the eighth dependent variable to be analyzed.
Three independent variables will be used to explain varia
tions in this source of tax revenue: (1) U. S. per capita 
income, (2) U. S. population, and (3) the structure of the 
percentage fees tax.

Thus, an attempt will be made to explain variations 
in eight variables, seven tax revenues and one tax revenue 
source. Results of the study will be reported in terms of 
elasticities. For example, one product of the study will 
be the elasticity of cigarette sales tax revenue with re
spect to Nevada population. This coefficient provides a 
measure of the responsiveness of cigarette sales tax reve
nue to changes in Nevada population.

Justification
At first blush, it might seem that a study of this 

type is unnecessary for Nevada. Consider, for example, per
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capita tax capacity, a measure of the ability of a state toi
obtain revenue for public purposes. In 1968-69, Nevada's 
per capita tax capacity exceeded that of its nearest rival 
by a considerable margin. And there is no reason to be
lieve that the situation is not just as pronounced today. 
These striking results are revealed in Table 2. Surely 
the state of Nevada must be the envy of the other forty- 
nine in this respect.

Nevada's number one ranking is largely attributable 
to its ability to tap the tourist dollar. A considerable 
amount of Nevada's sales tax revenues are generated by non
resident spending. Charles E . McLure has estimated that

11Nevada "exports" approximately 35 per cent of its taxes.

10. Per capita tax capacity is computed by: (1) 
determining for each of various kinds of state and local 
taxes a national average rate which, if applied through
out the nation, would have produced the same total amount 
of revenue that state and local governments actually ob
tained from the particular type of tax in i960; (2) esti
mating by state the potential yield of each type of tax, 
if imposed at this uniform nationwide rate, and (3) aggre
gating these potential yield amounts for each state to 
arrive at an estimate of its total tax capacity. See
U. S. Advisory Commission on Intergovernmental Relations, 
Measuring the Fiscal Capacity and Effort of State and 
Local Areas (Washington, D.C.: U. S. Government Printing 
Office, 1971), PP. 1-9.

11. Charles E. McLure, Jr., "The Interstate Ex
porting of State and Local Taxes: Estimates for 1962," 
National Tax Journal, XX, No. 1 (March, 1967) p. 63.
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TABLE 2

STATE TAX CAPACITY 
1968-69

State Per capita Per capita
/ amount index measure
U.S. $386 100

Alabama 270 70Alaska 403 • 104
Arizona 381 99Arkansas 299 77California 472 122
Colorado 398 103Connecticut 451 117Delaware 465 120District of Columbia 465 120Florida 419 109Georgia 314 81
Hawaii 381 99Idaho 338 88Illinois 431 112Indiana 375 97Iowa 385 100Kansas 405 105Kentucky 312 81
Louisiana 364 94Maine 316 82Maryland 398 103Massachusetts 382 99Michigan 404 105Minnesota 367 95Mississippi 252 •65Missouri 373 97Montana 391 101Nebraska 416 108Nevada 669 173New Hampshire 422 109New Jersey 410 106New Mexico 355 .92New York 418 108North Carolina 308 80North Dakota 352 91Ohio 387 100Oklahoma 392 102Oregon 401 104Pennsylvania 350 91Rhode Island 355 • 92South Carolina 254 66
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TABLE 2 (Continued)

State Per capita Per capita
amount index measure

South Dakota $349 90
Tennessee 302 78
Texas 388 101
Utah 326 84
Vermont 339 88
Virginia 337 87Washington 424 110
West Virginia 284 74
Wisconsin 358 93Wyoming 530 137

Source: U. S. Advisory Commission on Intergovernmental Re-
lations, Measuring the Fiscal Capacity and Effort 
of State and Local Areas (Washington, D.C.: U. S. 
Government Printing Office, 1971) p. 209.

Other studies tend to confirm this figure. Reuben
A. Zubrow, Robert L. Decker, and E. H. Plank estimated that
30 per cent of cigarette sales tax revenue and 54 per cent
of alcoholic beverages sales tax revenue is accounted for

12by non-resident spending.
In 1967, Robert Rieke estimated that spending by 

non-residents generated 21 per cent of general sales tax 
revenue, 90 per cent of gaming services sales tax revenue, 
35 per cent of gasoline sales tax revenue, 22 per cent of

12. Nevada Legislative Counsel Bureau, Financing 
State and Local Government in Nevada. Report No"! 44. By 
Reuben A. Zubrow, Robert L. Decker, and E. H. Plank (Carson 
City: Nevada State Printing Office, i960), pp. 447,478.
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cigarette sales tax revenue, and 52 per cent of alcoholic

13beverages sales tax revenue.
However, the fact that a large number of tourists 

visit Nevada each year means that the State must provide a 
greater quantity of public services than otherwise. The 
initial impression one receives from the estimates of the 
per cent of taxes "exported" to visitors should be tempered 
as a result of the cost of the additional public services 
required. Still, there can be little doubt that the amount 
of taxes generated by tourist spending far exceeds the cost 
of the extra services which the State must provide.

But, in spite of these considerations, Nevada never 
seems to have enough revenue to satisfy the demands of com
peting claimants for the limited number of available 
dollars.

Since this is the case, prudent policy requires 
that revenue projections be made. Hopefully, the results 
of this study will assist Nevada’s fiscal decision-makers 
in this task and contribute to "fiscal rationality." The 
estimating tools engendered from this study should prove 
especially helpful to the state, inasmuch as the Nevada 
legislature only meets biennially.

13. Robert Hieke, "The Amount and Source of State 
Taxes in Nevada," Unpublished Working Paper, University of 
Nevada, Las Vegas, 1967, p. 13.



Furthermore, the tax rate elasticities should fur
nish valuable insights, should the question of tax struc
ture change arise. These elasticities will facilitate 
comparisons among alternative tax proposals.

Methodology

Model Specification
In recent years there have been several empirical 

studies which have attempted to measure the degree to 
which state sales tax revenues respond to changing economic 
conditions. In most of these studies, the tax revenues 
have been expressed as a multiplicative function of the 
independent variables used to explain variations in these 
revenues.

14. See Harold M. Groves and C. Harry Kahn, "The 
Stability of State and Local Tax Yields," American Economic 
Review, XLII, No. 1 (March, 1952), pp. 87-102; David G. 
Davies, "The Sensitivity of Consumption Taxes to Fluctua
tions in Income," National Tax Journal, XV, No. 3 (Septem
ber, 1962), pp. 281-290; Maryland, Bureau of Business and 
Economic Research, College of Business and Public Adminis
tration, University of Maryland, Maryland Tax Study, (Col
lege Park: University of Maryland Press, I9F5); Robert W. 
Rafuse, Jr., "Cyclical Behavior of State-Local Finances," 
in Richard A. Musgrave, editor. Essays in Fiscal Federal
ism (Washington, D.C.: The Brookings Institution, 1965), 
pp. 63-121; Walton Terry Wilford, "State Tax Stability Cri
teria and the Revenue-Income Elasticity Coefficient 
Reconsidered," National Tax Journal, XVIII, No. 3 (Septem
ber, 1965), pp. 304-312; David G. Davies, "The Secular 
Income Elasticity and Revenue Stability of Motor Fuel 
Taxes," National Tax Journal, XVIII, No. 4 (December,
1965), ppl 3#0-387; Cadwell L. Ray, "A Note on State Tax
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This study will continue along these same general 

lines. Two models will be developed. In both models, the 
dependent variable will be specified as a multiplicative 
function of the independent variables. In this formula
tion, the models are nonlinear. However, they can be made 
linear by a simple transformation. Thus, standard linear 
regression techniques can be used to estimate the model 
parameters.

Stability Criteria, National Tax Journal, XIX, No. 2 (June, 
1966), pp. 207-209; Robert Harris, Income and Sales Taxes: 
The 1970 Outlook for States and Localities (Chicago: Coun
cil of State Governments, 1966); Tax Foundation, Fiscal 
Outlook for State and Local Government to 1975 (New York: 
Tax Foundation, 1967); John B. Legler and Perry Shapiro, 
"The Responsiveness of State Tax Revenue to Economic 
Growth," National Tax Journal, XXI, No. 1 (March, 1968), 
pp. ^5-56; John E. Peck, "Financing State Expenditures in 
a Prospering Economy," Indiana Business Review, XLIV, 
(July/August, 1969), pp. 7-15; Arizona, Department of 
Economic Planning and Development, Planning Division. 
Arizona Intergovernmental Structure; A Financial View to 
1980 (Phoenix: Arizona State Printing Office, 1971); Robert 
E. Berney "Income Elasticities for Tax Revenues: Techniques 
of Estimation and their Usefulness for Forecasting," Un
published Washington State University Working Paper, 
presented at the conference of the Western Economic Asso
ciation, August 30, 1971; Gerald J. Swanson, "An Empirical 
Estimation of the Impact of the 1969 Income Tax on the 
Responsiveness of the Illinois Tax Structure," Unpublished 
Ph.D. dissertation. University of Illinois, 1972; Ann F. 
Friedlaender, Gerald J. Swanson, and John F. Due, "Esti
mating Sales Tax Revenue Changes in Response to Changes in 
Personal Income and Sales Tax Rates," National Tax Journal, 
XXVII, No. 1 (March, 1973), pp. 103-110.
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Partial vs. General Equilibrium Analysis

Previous studies have, with one exception, assumed 
independence of tax revenues. That is, they have assumed 
that a change in the tax rate on one source of tax revenue 
will have no effect on tax revenues from other sources. 
Under this assumption, for example, an increase in the tax 
rate on cigarette sales would have no effect on tax revenue 
from gasoline sales.

Legler and Shapiro have pointed out the short
comings of this partial equilibrium analysis approach:

It is easy to see how serious is this assump- 
tion of independence in the case of income tax.
If, as in many states, a taxpayer is allowed to 
deduct sales tax payments from his taxable income, 
it is clear that a rise in sales tax receipts re
sulting from an increase in sales tax rate or 
changes in consumer preferences leads to a de
cline in the income tax base and receipts. -*-5

These two authors develop a general equilibrium 
analysis model in which this interdependence is taken into 
account. However, this improvement is not purchased with
out a cost. Since tax revenues from all sources are 
interdependent, the effect which a change in an economic 
variable has on a specific tax revenue is not shown.

To illustrate, conside a change in per capita in
come. The Legler and Shapiro model provides a coefficient

15• Legler and Shapiro, The Responsiveness of 
State Tax Revenue to Economic Growth, p. 4?.



of elasticity of total tax revenue with respect to per cap
ita income, but says nothing about the relationship between 
changes in cigarette sales tax revenue and changes in per 
capita income.

Both of the models in this study will employ par
tial equilibrium analysis. A change in one of the depen
dent variables will be assumed to have no effect on the 
other seven. Thus, it will be possible to estimate how 
each dependent variable is affected by changing economic 
conditions.

One further comment on methodology. An increase in 
total income can result from either an increase in popula
tion, an increase in per capita income, or from an increase 
in both. One would expect that the effects on a tax reve
nue source would differ in these three cases. The models 
in this study will explicitly distinguish between the ef
fects of an increase in total income which arise from an 
increase in population, and those which arise from an in
crease in per capita income.

17



CHAPTER II

THE REVENUE PRODUCTIVITY OF SALES TAXATION:
A SURVEY OF THE LITERATURE

There is a considerable body of literature pertain
ing to the revenue productivity of sales taxation. A read
ing of this literature reveals the evolution of the con
cepts and principles which have been established in this 
field. This reading is most instructive.

As is true for so many topics in economics, several 
methodological and theoritical issues remain unsettled. 
Controversies have arisen in the past, and still rage to
day. But each of the thrusts and counterthrusts in these 
controversies has served to further our understanding of 
the problem of state tax revenue determination.

Four of the more important studies dealing with 
this problem will be reviewed in this chapter. Each ap
plies a different methodoligical approach, and collectively 
they provide the foundation upon which the present study is 
built.

Groves and Kahn
In their pioneering work of 1952, Groves and Kahn 

(GK) furnish the first well-documented study of the manner 
in which state tax revenues respond to changing economic

18
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conditions. Considerable credit should be given to these 
two authors for the substantial contribution which they have 
made.̂

GK are primarily concerned with the stability of 
state tax revenues. They consider stability to be a special 
case of adequacy, where adequacy is "not only the capacity 
of a particular tax to produce a given initial amount of 
revenue but also its capacity to sustain this level in such 
a manner as to permit the maintenance of a given volume and

pquality of governmental services".
GK consider a "fairly" stable tax system to be "one

which assures the treasury an approximately constant real
oincome over a period of time". This means that

In a period of changing prices, assuming that money 
incomes change in proportion to the price level, 
tax yields would have to change in proportion to 
the change in income in order to maintain the level 
of government services. However, when total money 
income changes due to a change in real output with 
a constant price level, tax yields could remain 
constant and still sustain government services.
But in most cases, except when the expansion of 
total money income has passed the point of full 
employment, changes in both price level and real ' 
income are involved. It follows that in general, 
from the point of view of maintaining a given level 
of tax-financed government services, tax yields may

1. Groves and Kahn.
2. Ibid., p. 87.
3. Ibid., pp. 87-88.



be allowed to vary in the same direction as total 
income, but the variation should be less than in 
proportion to the variation in total income.^

In order to measure the stability of a state’s tax 
system revenue, GK make use of the elasticity concept. They 
define the elasticity of tax revenue with respect to total 
income as the ratio of the percentage change in tax revenue 
to a given percentage change in total income. GK look into 
several state tax systems, and estimate total income elas
ticities for a number to tax revenues in these systems.

To determine the elasticity of a tax revenue with 
respect to total income, GK perform regression analysis on 
equations of the form

(2-1) log T = log A + e log Y

where

T is tax revenue
A is a constant
Y is total income
e is elasticity of tax revenue with respect to total in

come
The results of their analysis of sales tax revenues are 
shown in Table 4.

20

4. Ibid., p 8 8 .
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ELASTICITIES OF SPECIFIED STATE SALES TAX REVENUES
WITH RESPECT TO 
TOTAL INCOME:

GROVES AND KAHN ESTIMATES 
VARIOUS PERIODS 1929-1950

TABLE 3

Tax Revenue Total
Income

Elasticity
Period
Covered

Wisconsin Alcoholic Beverages Sales .33 1935-1949
Wisconsin Motor Fuels Sales .36 1934-1949
Wisconsin Cigarette Sales .63 1941-1950
Ohio Cigarette Sales • 73 1940-1948
Ohio General Sales .99 1937-1948
North Carolina General Sales 1.00 1940-1949
Iowa General Sales 1.02 1935-1949
Missouri General Sales 1.03 1938-1949
Michigan General Sales 1.09 1934-1949
Oklahoma General Sales 1.11 1937-1939
California General Sales 1.11 1934-1949
Illinois General Sales 1.11 1934-1948

Source: Harold M. Groves and C. Harry Kahn, "The Stability
of State and Local Tax Yields," American Economic 

' Review, XLII, No. 1 (March, 1952), Table 1, p. 90.
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GK find the elasticities of the general sales tax 

revenues with respect to total income to have coefficients 
close to one. On the other hand, the elasticities of the 
(1) alcoholic beverages sales tax revenue, (2) motor fuels 
sales tax revenue and (3) cigarette sales tax revenue with 
respect to total income are inelastic with coefficients..
ranging from .33 to .73.

GK proceed to estimate the elasticities of several 
state and local tax system revenues with respect to total 
income. This is done by constructing a weighted average of 
the tax revenue elasticities, with weights dependent upon 
the size of the contribution which the corresponding tax 
revenue makes to state and local tax system revenue. Re
sults of this construction are shown in Table 4.

All of the state and local tax system revenues 
investigated have total income elasticity coefficients of 
approximately .5. A coefficient of this magnitude indicates 
that a 1 per cent increase in total income will result in 
a .5 per cent increase in tax system revenue. GK consider 
tax systems with .5 coefficients to be "fairly" stable 
since the increase in tax revenue is less than the increase 
in total income.

A comment concerning the definition of stability 
which GK propose should be made. This definition stresses 
total considerations rather than per capita considerations.
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ELASTICITIES OF SPECIFIED STATE AND LOCAL TAX SYSTEM REVENUES
WITH RESPECT TO 
TOTAL INCOME:

GROVES AND KAHN ESTIMATES 
VARIOUS PERIODS 1929-1950a

TABLE 4

State and Local Total
System Revenue Income

Elasticity
Illinois .43
Indiana .52
Iowa .50
Michigan .53
Minnesota .49
Ohio .43
Wisconsin .56

a. The composition of each state tax system is that 
of 1948.

Source: Harold M. Groves and C. Harry Kahn, "The Stability
of State and Local Tax Yields," American Economic 

' Review, XLII, No. 1 (March, 1952), Table 2, p. 94.
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To these authors, a state's tax system revenue is perfectly 
stable if a change in total real income results in no 
change in tax revenue. This would be a somewhat inappro
priate definition of stability for states which experience 
a total real income increase as a result of a population 
increase. Several writers have critized GK on this score.^ 

However, this shortcoming should not overshadow the 
importance of GK's work. Their seminal study has made an 
important contribution to the problem of state tax revenue 
determination and has, in addition, stimulated a great 
quantity of additional research in this formerly neglected 
field.

Milford
Walton Terry Wilford, in his 1965 study, makes an 

important breakthrough in his attempt to explain variations 
in several Texas state tax revenues.  ̂ This breakthrough 
involves the problem of tax rate changes. This problem had 
been a source of irritation to previous studies and Mil
ford's treatment of the problem is of considerable signifi
cance .

5. See Milford, pp. 307-308; William V. Williams, 
Robert M. Anderson, David 0. Proehle and Kaye L. Lamb, "The 
Stability, Growth and Stabilizing Influence of State 
Taxes," National Tax Journal, VIII, No. 2 (June, 1973),
p. 267; Legler and Shapiro, The Responsiveness of State Tax 
Revenue to Economic Growth, p. 46.

6. Milford, pp. 304-312.
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Up to this point, analysts either limited their 

study to tax revenue series containing no tax rate changes, 
or attempted to adjust for the changes. Usually, when ad
justments were made, it was assumed that the elasticity of 
a tax revenue with respect to tax rate had a coefficient of 
one. That is, a fifty per cent increase in tax rate was 
assumed to result in a fifty per cent increase in tax reve
nue, a doubling of tax rate was assumed to double tax 
revenue, etc.

This assumption is, of course, at variance with 
economic theory which suggests that an increase in sales tax 
rate tends to increase the price of the taxed goods and, 
thus, reduce quantity demanded. From this it follows that 
an increase in tax rate will tend to result in a less than 
proportionate increase in tax revenue.

To overcome this problem, Wilford inserts a second 
independent variable, tax rate, into the regression equation. 
He investigates several Texas state tax revenues, using 
equations of the form

(2-2) log T = log A + ejlog Y + e2log r

where

T is tax revenue
A is a constant
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Y is total income 
r is tax rate
e i is elasticity of tax revenue with respect to total income 
ea is elasticity of tax rate with respect to tax rate

Wilford recognizes that an increase in total income 
resulting from an increase in population might affect a tax 
revenue differently than an increase in total income arising 
from an increase in per capita income. Accordingly, he runs 
regression analysis on a second set of equations of the form 
in (2-2), with per capita income substituted for total in
come. His elasticity coefficient estimates of several Texas 
sales tax revenues are presented in Table 5•

Two points of interest concerning these estimates 
should be brought to attention. First, note that the tax 
rate elasticities are all less than one. This empirical 
finding confirms what one would expect from theoretical 
economic analysis and supports the worth of Wilford * s meth
odological innovation.

Also observe that per capita income elasticities are 
considerably larger than total income elasticities. It is 
easy to see why this is so. For example, consider a 12 per 
cent increase in total income (Y) which results in 9 per 
cent increase in tax revenue (T). The elasticity of tax
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ELASTICITIES OF SPECIFIED TEXAS STATE SALES TAX REVENUES
WITH RESPECT TO

TOTAL INCOME, PER CAPITA INCOME AND ASSOCIATED TAX RATE:
WILFORD ESTIMATES 1947-1960

TABLE 5

Total
Income

Per Capita 
Income

Sales 
Tax Rate

Motor Fuels Sales 1.12 1.40 .67
Alcoholic Beverages Sales .51 .68 .86
Cigarette Sales .48 .69 .93
Motor Vehicle Sales 1.15 1.73 .54

l
Source: Walton Terry Wilford, "State Tax Stability Criteria

and the Revenue - Income Elasticity Coefficient 
Reconsidered," National Tax Journal, XVIII, No. 3 
(September, 1965), Tables 1 and 3, pp. 309, 311.
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revenue with respect to total income (ejj) would be .,75•

% change in T 9
(2-3) ei % = -------------- = —  = .75

% change in Y 12

However, suppose that part of the increase in total 
income was a result of population increase and that per 
capita income (y) only increased by 10 per cent during the 
period. In this case, the elasticity of tax revenue with 
respect to per capita income (e12) would be .90.

% change in T 9
(2-4) e 12 = --------------  = —  = .90

% change in y 10

Only if the increase in total income occurred during a per
iod of constant population would one find the two elasticity 
coefficients (e21 and e12) equal.

As previously mentioned, Wilford is quite critical 
of the stability (adequacy) criterion advanced by Groves and 
Kahn. Consequently, he suggests a more appealing definition 
of adequacy which takes into account the desirability of tax 
revenues to increase with population increases. "The rele
vant question of adequancy is now the ability, of the tax 
structure to provide automatically revenues for a state gov-

Oernment as the region's economic growth increases."

8. Wilford, p. 308.



A good deal of merit should be afforded Wilford for 
his achievements. Of greatest importance is his introduc
tion of tax rate as an independent variable in the regres
sion equations. But also of significance is his recogni
tion of the need to distinguish between total income and 
per capita income in the analysis 3 as well as his revision 
of the adequacy criterion.

Legler and Shapiro
The Groves and Kahn study and the Wilford study 

both employ partial equilibrium analysis. Tax revenue from 
one source is assumed to be independent of tax revenue from 
other sources. Under this assumption, an increase in the 
tax rate on general sales will have no effect on gasoline 
sales tax revenue.

This assumption is, of course, an inaccurate de
scriptive representation of reality. There is an interde
pendence between general sales tax revenue and gasoline 
sales tax revenue. An increase.in the general sales tax 
rate tends to reduce disposable income, an important deter
minate of gasoline consumption, and thus affects gasoline 
sales tax revenue.

A partial equilibrium model of state tax revenue 
determination implicitly assumes this interdependence to be 
insignificant. A priori reasoning lends support to this
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assumption. In fact, however, the question should be set
tled on empirical, not theoretical, grounds.

Legler and Shapiro (LS), in their 1968 study, make a 
contribution toward the resolution of this question. These 
two authors construct a general equilibrium model which ex
plicitly recognizes interactions among different tax reve
nues and thus overcomes the theoretical shortcoming of pre
vious partial equilibrium models.

In addition, LS expand upon Wilford's finding that 
the effects on tax revenue from a change in total income are 
different from those of a change in per capita income. This 
is accomplished by introducing the two components of total
income, per capita income and population, into the regres
sion equation.

Since, in this general equilibrium model, all tax 
revenues interact with one another, it is not possible to 
show how changing economic conditions affect each individual 
tax revenue. Rather, the dependent variable in the model is 
total tax revenue. And since all tax rates, along with per 
capita income and population, affect total tax revenue, the 
equation upon which regression is performed takes the form

(2-5) log R = log A + eilog y + ezlog N
+ e 3 l l o g  r M + e  3 z l o g  r 1 2

+ e  1* i l o g  r  2 1 + e  4 z l o g  r  2 2

+ 6 4  3l o g  r ^  3* + e  4 4 l o g  r 2 4
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where

R is total tax revenue
A is a constant
y is per capita income
N is population
rii is personal income tax rate
ri2 is corporate income tax rate
vz i is general sales tax rate
r% % is motor fuels sales tax rate
r2 3 is alcoholic beverages sales tax rate
r2 4 is tobacco sales tax rate
e's are relevant elasticities

The per capita income elasticities, population elasticities, 
and elasticities of the various sales tax rates estimated by 
LS are shown in Table 6.

LS deserve a good deal of recognition for the work 
they have done. Their general equilibrium model is a more 
accurate description of the real world than the previous 
partial equilibrium models. Furthermore, use of population 
as an argument in the revenue function is an important meth
odological improvement.

However, some of their empirical findings raise 
questions about the applicability of the general equilibrium



TABLE 6
ELASTICITIES OF SPECIFIED STATE TAX SYSTEM REVENUES

WITH RESPECT TO
PER CAPITA INCOME, POPULATION AND VARIOUS SALES TAX RATES:

LEGLER AND SHAPIRO ESTIMATES 
1945-1964

Tax System 
Revenue

Per Capita 
Income 
Bias.

Pop. 
Bias.

General 
Sales 

Tax Rate 
Bias.

Motor 
Fuels 
Sales 

Tax Rate 
Bias.

Alcoholic 
Beverages 

Sales 
Tax Rate 

Bias.

Tobacco 
Sales 

Tax Rate 
Bias.

California 2.10 .19 -.21 .30 .00
Colorado .56 1.27 .05 .45 .18
Connecticut 1.06 .91 .54 .02 .17
Illinois . 60 3.52 -.25 .02 .28 .32
Iowa .42 3.86 .40 .14 .09
Maryland .81 1.40 .10 -.10 -.43
Michigan .69 2.10 .49 -.06 -.07
Ohio .80 2.51 -.31 . .15

Source: John B. Legler and Perry Shapiro, "The Responsiveness of State Tax Revenue
to Economic Growth,” National Tax Journal, XXI, No. 1 (March, 1968),
Table 1, p. 51. ^
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model to the problem of state tax revenue determination.
For example., seven of the sales tax rate elasticities are 
negative. Although only one of these is significantly dif
ferent from zero at the .10 level, still, a zero tax rate 
elasticity coefficient implies that an increase in tax 
rate will result in no increase in total tax revenue.

Most difficult to accept is the -.43 elasticity co
efficient of total tax revenue with respect to alcoholic 
beverages sales tax rate for the state of Maryland. This 
coefficient is significantly different from zero at the .10 
level and implies that a one per cent increase in the alco
holic beverages sales tax rate will result in a .43 per 
cent decline in total tax revenue.

Friedlaender, Swanson and Due 
In their 1973 study, Friedlaender, Swanson and Due 

(FSD) call in question the elasticity estimates of Legler 
and Shapiro, and point out some of the implications of

nthese estimates. In addition, these authors develop a 
partial equilibrium model of state sales tax revenue deter
mination and present the empirical results of a statistical 
application of the model.

9. Friedlaender, Swanson and Due.
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Of considerable significance in this study is the 

demonstration by PSD of some of the hidden meanings of the 
Legler and Shapiro elasticity, estimates under the assumption 
of independence of tax revenues.

To accomplish this demonstration, PSD develop an 
alternative model of state tax revenue determination. A 
modified version of this development follows.

Assume total state tax revenue (R) to consist of 
general sales tax revenue (Rs) and other state tax reve
nue (R0).

(2-6) R = Rs + R0

General sales tax revenue (Rs) is, by definition, 
equal to the product of general sales tax rate (r) and before 
tax dollar consumption of goods subject to the general sales 
tax (C).

(2-7) Rs = r C

Let equal before tax dollar consumption of the 
ith good subject to the general sales tax. Assume there are 
n such goods. Then

n
(2-8) C = Z CL

i=l
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Let equal physical consumption of the 1th good 

subject to the general sales tax. Also, let p^ equal before 
tax price of the ith good subject to the general sales tax. 
Then

(2-9) C1 = Yl Pl

Assume that the price elasticity of supply of each 
of the n goods subject to the general sales tax is infinite
ly elastic. Under this assumption, the after tax price of 
the ith good subject to the general sales tax will be 
{(1 + r) pi).

Also, assume to be a function of total income (Y) 
and after tax price {(1 + r) p^}.

(2-10) Yi = (1 + r) p^}

To see how changes in total income (Y) and after tax 
price {(1 + r) p^} affect physical consumption (y^), take 
the derivative of the natural log of (2-10) with respect to 
time. It can be shown that the resultant differential equa
tion implies

(2-11) yi = A YP1{(1 + r) p1}32 

where

A is a constant
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. .dry, . Y

(2—12) 31 — --- —
9Y . Yi

: •
and

....3Y4...... (1 + r.)p.
(2-13) 32 = ----------  ---------

9(1 + r)p1 Yi

provided that 31 and 32 are constants.
Observe that 3 2 is the elasticity of y  ̂with respect 

to Y (the income elasticity of demand). For simplification, 
assume that each of the n goods subject to the general sales 
tax has the same 3 2.

Likewise, observe that 32 is the elasticity of y  ̂
with respect to p^ (the price elasticity of demand). Again, 
for simplification, assume that each of the n goods subject 
to the general sales tax has the same 32•

Moreover, 32 is also the elasticity of y  ̂with re
spect to (1 + r). To see this more clearly, rewrite (2-11) 
as follows

(2-14) Y± = A YBl(1 + r)^2 p^ 2

Proceed with the development by making the following 
substitutions. First, substitute (2-14) into (2-9).

(2-15) = A Yei(l + r)e2 P j ^ 2
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Then, substitute (2-15) into (2-8)

(2-16) C = E A (1 + r)e2 p .1+e2
i=l 1

Next, substitute (2-16) into (2-7)

(2-17) Rs = Z A r(l + r)B2 p.1+S2
i-1 1

Finally, substitute (2-17) into (2-6)

(2-18) R = E A YPi r(1 + r)B2 p 1+e2 + R
1=1 1

Let e1 equal the elasticity of general sales tax
revenue with respect to tax rate

(2-19)
3RS r

© ̂
8r Rs

and let e2 equal the elasticity of total tax revenue with 
respect to tax rate

(2-20) . 9R . r 
e 2 = —  —

9r R
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Therefore, (2-17) implies

r
(2-21) e1 = 1 + 32-----

1 + r

and (2-18) implies

. R ... r.
(2-22) e2 = — (1 + -----)R 1 + r

For given values of R^/R and r, it can be seen from 
(2-22) that a specified value of e2 implies a specific value 
for B2. In order to show the implications of the Legler 
and Shapiro e2 estimates, PSD assume R^/R = .3 and r = .05* 

Under these assumptions, it can be determined from 
(2-22) that the Legler and Shapiro e2 estimate of -.25 for 
Illinois implies a 32 of -38.2 and that their e2 estimate 
of .^9 for Michigan implies a 32 of 13.2.

Consider the meaning of these two values of $2. A 
price elasticity coefficient of -38.2 asserts that a 1 per 
cent decline in price will result in a 38.2 per cent increase 
in quantity demanded. Obviously, this is a most unreasonable 
coefficient for a good subject to a state sales tax.

Impossible to accept is the 13.2 coefficient. If 
the price elasticity of demand for a good were 13.2, then a 
1 per cent Increase in price would lead to a 13.2 per cent
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increase in quantity demanded. Such a coefficient runs 
counter to law of demand and must be rejected outright.

These implications cast serious doubt upon the suit
ability of the Legler and Shapiro general equilibrium 
approach to the problem and suggest the use of a partial 
equilibrium model as more appropriate for this type of 
problem.

FSD set to work to develop such a model. This de
velopment follows the same general lines as that used to 
illustrate the deficiencies of the Legler and Shapiro esti
mates. Since the authors restrict their analysis to general 
sales tax revenues, the result of the development is a model 
of the form

(2-23) Rs = A ye1 N62 r63 

where

Rg is sales tax revenue
A is a constant
y is per capita income
N is population
r is tax rate
e's are relevant elasticities
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Note the similarity between (2-23) and (2-17). Es

sentially, these two equations amount to the same thing. 
Nevertheless, it is worth while to point out the difference 
between the two.

First, (2-23) considers goods subject to the gener
al sales tax as a whole, whereas (2-17) focuses on each in
dividual good. Also, (2-23) contains, as independent vari
ables, per capita income (y) and population (N), rather 
than total income (y). Furthermore, observe that in (2-23) 
the price term has been dropped. The authors found that 
this variable contributed nothing to the explanation of 
variations in the dependent variable. Finally, (2-23) uses 
r as an independent variable rather than r(l + r) as does 
(2-17).

In order to estimate the model parameters (elasti
cities) by standard linear regression techniques, PSD 
perform regression on the logarithmic form of (2-23)

(2-24) log Rg = log A + eilog y + e2log N + 63log r

Results of this regression analysis are shown in Table 7*
Of particular interest in Table 7 are the general 

sales tax rate elasticity estimates. Economic theory sug
gests that these should be less than one, with "narrowbased” 
sales taxes tending to have smaller coefficients than those 
which are "broadbased". The coefficient estimates are, in
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ELASTICITIES OF SPECIFIED STATE GENERAL SALES TAX REVENUES
WITH RESPECT TO

PER CAPITA INCOME, POPULATION AND GENERAL SALES TAX RATE: 
FRIEDLAENDER, SWANSON, AND DUE ESTIMATES 

1953 - 1970

TABLE 7

General. Sales 
Tax Revenue

Per Capita 
Income 

Elasticity
Population
Elasticity

General 
Sales 

Tax Rate 
Elasticity

Alabama .67 2.60 .99
Arizona 1.10 • 90 • 85
Arkansas .97 .54 .77
Colorado .84 .76 • 90
Florida .90 1.73 1.18
Illinois 1.30 1.12 .93
Iowa .91 • 91 1.01
Kansas .73 .78 1.13
Maine 1.33 1.45 .71
Maryland .78 1.87 .79
Michigan 1.07 • 54 • 71
North Dakota .63 .27 1.07
Rhode Island 1.18 .97 .80
Tennessee .96 1.90 .82
Washington .69 1.45 1.07

Source: Ann F
Due,

. Friedlaender, Gerald J. Swanson and John F. 
"Estimating Sales Tax Revenue Changes in Re-

sponse to Changes in Personal Income and Sales Tax 
Rates," National Tax Journal, XXVII, No. 1 (March, 
1973), Table 1, p. 109.
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fact, less than one in all but five states. And in these 
states the estimates are not significantly greater than one 
at the .05 level.

Also, in Table 7, note that the per capita income 
elasticities are generally less than one. This indicates 
that increases in per capita income will usually lead to a 
less than proportionate increase in tax revenue. In addi
tion, there does not seem to be a great deal of variability 
among these per capita income elasticities.

On the other hand, there is considerable variation 
in the population elasticities which are, on the average, 
substantially higher than both the tax rate elasticities 
and the per capita income elasticities. From this, PSD 
conclude that "population growth, per se, will generally 
have a greater relative impact upon sales tax revenues 
than either rate changes or per capita income growth".

PSD are to be highly commended for their work.
Their effort demonstrates the difficulties involved in us
ing a general equilibrium model in the analysis of state 
tax revenue. Furthermore, the PSD model has made a signif
icant contribution toward an understanding of the manner in 
which sales tax revenue responds to changing economic con
ditions, and should serve as a prototype for further re
search in this area.

10. Friedlaender, Swanson and Due, p. 108.



CHAPTER III

THE MODELS

As previously indicated, the purpose of this study 
is to explain variations in two types of variables: (1) tax 
revenues, and (2) tax revenue sources. To attain this ob
jective, two economic models will be developed, one for 
each type of variable.

An economic model is a deliberately simplified ana
lytical framework designed to abstract essential features 
of complex reality. The two models developed in this chap
ter will be mathematical models. Each will consist of a 
single equation relating the variable to be explained with 
other variables asserted to exert an important influence 
over the variable to be explained.

The constants in the equations which specify the 
manner in which the explanatory (independent) variables in
fluence the variable to be explained (dependent variable) 
are known as parameters. Several of the parameters in the 
two models take the form of elasticities. Since the elas
ticity concept plays such an important role in this study, 
a brief discussion of this term is in order.
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The Concept of Elasticity

The concept of elasticity is used to describe a par
ticular property of a function. To speak in general and 
loose terms, if Y = f(X), the elasticity of Y with respect 
to X is a measure of the responsiveness of Y to changes in
X.

More specifically, the elasticity of Y with respect 
to X is the ratio of the percentage change in Y to the per
centage change in X that is responsible for this change in 
Y when "other things" are given and when the change in X 
approaches zero. Since elasticities are defined in terms of 
percentage changes, they are independent of the units in 
which the variables are measured.

Mathematically, the point elasticity of Y with re
spect to X, denoted by e^, is

dY/Y dY/dX dY X
( 3-1) G y y  =  ------  =  --------  =  ---  —

dX/X Y/X dX Y

Since dY/dX is the marginal rate of change of Y with respect 
to X and Y/X the average, e-^ can be viewed as the ratio of 
the marginal rate of change to the average rate of change.

eYX
dY/dX marginal rate of change(3-2)
Y/X average rate of change
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Often an attempt is made to estimate elasticity 

over an arc, given the two points which the arc connects, 
and the formula

is at times used. With this formulation, however, the an
swer will depend on which point is taken as a starting 
point, and in general it must be remembered that there is 
no one, unambiguous way of measuring elasticity over an 
arc. There are a large number of formulas for estimating 
and approximating arc elasticity. The concept of point 
elasticity is for this reason, among others, more useful.^

However, it should be noted that a point elasticity 
presupposes knowledge of a continuous function. But empir
ical studies yield only finite sets of discrete points 
which are then used to estimate continuous functions. 
Therefore, empirical estimates of elasticities are based, 
either explicitly or implicitly, on the arc elasticity 
concept.

If Y is a function of two independent variables,
Y = f(X, Z), elasticity must be defined in terms of the

1. See Milton Friedman, Price Theory: A Provision
al Text, Rev. ed. (Chicago: Aldine Publishing Company,
1966), p. 20.



change in one of the independent variables only. There
will thus be two elasticity measures for the function.

2These are accordingly called partial elasticities and 
can be written

(3-%)
3Y X 
3X Y

and

(3-5)
3Y Z 
3Z Y

Tax Revenue Model
The revenue model will be used to analyze each of 

the seven tax revenues into which this study will inquire.

Definitions
The following definitions will be used in the de

velopment of the tax revenue model.
For a given source of tax revenue:

T is tax revenue from the sale of the source. 
r is tax rate levied on the sale of the source.

2. See Alpha C. Chiang, Fundamental Methods of 
Mathematical Economics (New York: McGraw-Hill, Inc., 
1967), p. 202.
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C is before tax dollar consumption of the source.
Ui is Nevada resident tastes.
p is before tax relative price of the source.
yi is Nevada per capita income.
Ni is Nevada population.
ei is elasticity of T with respect to y %.
ez is elasticity of T with respect to N%.
eg is elasticity of T with respect to r .

Model Development
For a given source of tax revenue, before tax 

dollar consumption of the source (C) is assumed to be a 
function of Nevada resident tastes (Ui), before tax rela
tive price of the source (p), Nevada per capita income 
(yi)» Nevada population (Ni), and tax rate levied on the 
sale of the source (r).

(3-6) C = C(Ui, p, yi, Ni, r)

Assuming Nevada resident tastes (Ui) and before tax 
relative price of the source (p) remain constant, this 
consumption function can be written

(3-7) C C(yi, Ni, r)
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By definition, tax revenue from the sale of the 

source (T) is equal to the product of the tax rate levied 
on the sale of the source (r) and before tax dollar con
sumption of the source (C)

(3-8) T = r C

Substitute (3-7) into (3-8)

(3-9) T = r C(yi, N la r)

Therefore

(3-10) T = T(yi, Ni, r)

To determine the effects of changes in the argu
ments of (3-10) on tax revenue from sale of the source 
(T), differentiate the natural log of (3-10) with respect 
to time. This yields

1 dT 1 dy% 1 dNi 1 dr
(3—11) — —  — ei —  —  + e2 — --- i e3 ■— —

T dt yi dt N1 dt r dt

where

9T y 1 
e 1 ---------(3-12)

3yi T
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3T Ni

(3-13) 6 2 ~ ---—3Ni T

3T r
(3—14) e 3 — —  —

3r T

Note that the coefficients ei, ez and e3 are elasticities 
of T with respect to the arguments in (3-10).

Assume that these elasticities remain constant 
over time. Under this assumption, (3-11) implies

(3-15) T = Ai yiei Ni62 r63

where Ai is the antilog of the constant of integration.
Equation (3-15) is the model which will be used to 

analyze the seven tax revenues. Note that in this model 
tax revenue is specified as a multiplicative function of 
three independent variables, Nevada per capita income 
(y1), Nevada population (N%) and tax rate (r).

Tax Revenue Source Model
The tax revenue source model will be used to ana

lyze the consumption of gaming services in Nevada. The 
sale of these gaming services is the source of a consider
able amount of tax revenue to the State.
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Definitions
In this model, a Nevada resident is defined as 

resident of Nevada, while a Nevada visitor is defined as 
a person who is not a resident of Nevada. Note that 
according to this definition, a person does not actually 
have to visit Nevada in order to be a Nevada visitor.

In addition, the following definitions will be 
used in the development of the tax revenue source model.
C is dollar consumption of gaming services.
Ci is dollar consumption of gaming services by Nevada

residents.
Cz is dollar consumption of gaming services by Nevada 

visitors.
p is before tax relative price of gaming services.
yi is Nevada resident per capita income, 
ys is Nevada visitor per capita income.
Ni is Nevada resident population.
Ns is Nevada visitor population.
D is a dummy variable which represents the structure of 

tax rates levied on the sale of gaming services. 
ee is elasticity of Ci with respect to yi.
e? is elasticity of Ci with respect to Ni.
ea is elasticity of Cz with respect toys,
ee is elasticity of Cz with respect to Ns.
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fi is a measure of the change in Ci which results from a 

change in D.
f2 is a measure of the change in Cz which results from a 

change in D.

Model Development
Dollar consumption of gaming services (C) is, by 

definition, equal to the sum of the dollar consumption of 
gaming services by Nevada residents (Ci) and the dollar 
consumption of gaming services by Nevada visitors (Cz).

(3-16) C = Ci + Cz

Dollar consumption of gaming services by Nevada 
residents (Ci) is assumed to be a function of Nevada resi
dent tastes (Ui), before tax relative price of gaming 
services (p), Nevada resident per capita income (yi), 
Nevada resident population (Ni), and the structure of tax 
rates levied on the sale of gaming services (D).

(3-17) Ci = Ci(Ui, p, yi, Ni, D)

Assuming Nevada resident tastes (Ui) and before 
tax relative price of gaming services (p) remain constant, 
this consumption function can be written

(3—18) Ci Ci(yi, Ni, D)
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To determine the effects of changes in Nevada 

resident per capita income (yi) and Nevada resident popu
lation (Ni) on the dollar consumption of gaming services 
by Nevada residents (Ci), differentiate the natural log 
of

(3-19) Ci = Ci(yi3 Ni)

with respect to time. This yields

1 dCi 1 dyx 1 dNi
(3—20) —  ---  — e $ —  --- + e 7 —  ---

Ci dt y1 dt N 1 dt

where

3C1 y 1
(3—21) e g = ---- —

9yi Ci

8 C1 N1
(3—22) 67 = ---- —3Ni Ci

Again, note that the coefficients ee and e? are elastici
ties of Ci with respect to the arguments in (3-19).

Assume that these elasticities remain constant 
over time. Under this assumption, (3-20) implies

(3-23) Ci = A3 yieG Ni67

where As is the antilog of the constant of integration.



To capture the effects of the change in the struc
ture of tax rates levied on the consumption of gaming 
services in Nevada, a dummy variable will be inserted

Omultiplicatively into (3-23)• Since only one change 
occurred during the period under consideration, only one 
dummy variable will be needed.

This change became effective on July 1, 1967. 
Therefore, the dummy variable (D) will be assigned a value 
of 1 for the years prior to the change, 1956-57 to 1966-67, 
and a value of e for the years subsequent to the change, 
1967-68 to 1971-72. (Since regression will be run on the 
logarithmic form of the model, the transformed values of 
D will be 0 and 1.)

The exponent of the dummy variable, the coeffi
cient f1, will serve as a measure of the responsiveness of 
the dollar consumption of gaming services in Nevada (Ci) 
to changes in the tax rate structure. The change in Ci,
AC 1, resulting from a change in the tax rate structure is 
given by

(3-24) AC 1 = Ci(efl - 1)

53

3. See Neil M. Singer, "The Use of Dummy Variables 
in Estimating the Income-Elasticity of State Income-Tax 
Revenues," National Tax Journal, XXI, No. 2 (June, 1968), 
pp. 200-204.
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For example, if fi = -.2, then ACi = 17Ci. In this case, 
the change in the structure of tax rates would result in 
a 17 per cent decline in the dollar consumption of gaming 
services in Nevada. Incidentally, one would expect f1 
to be, if anything other than zero, negative since the tax 
rate structure change increased the effective tax rate.

Therefore, (3-23) with the dummy variable and its 
exponent, the coefficient f1, inserted takes the form

(3-25) Ci = A3 yi66 Ni67 Dfl

Similarly, the dollar consumption of gaming ser
vices by Nevada visitors (0%) can be specified

(3-26) C2 = At* y 3 e 8  N 3 ® 8 D^ 2

By substituting (3-25) and (3-26) into (3-16), the 
following specification for the dollar consumption of 
gaming services (C) is obtained

(3-27) C = A3 yi66 N1®7 Dfl + A4 y3ee N3®9 Dfz

Observe that (3-27) is a nonlinear model. Further
more, it is intrinsically nonlinear in that it cannot be 
transformed into a linear model by taking logarithms or 
by some other transformation process. As a result,



standard (linear) least-squares regression analysis cannot 
be used to estimate the eight parameters in the model 
(As, A4, eg, e?, eg, eg, fi, f2)•

Nevertheless, this does not preclude use of the 
model. The least-squares method of curve-fitting is equal
ly applicable to linear and nonlinear functions. Several 
methods are available for obtaining least-squares parameter 
estimates of nonlinear models by routine computer calcula
tion.

However, multicollinearity poses a much more seri
ous problem. Because of the high correlations among the 
independent variables (y1, Ni, y3, N 3) in (3-27), it is 
extremely difficult to disentangle the relative influences 
which these variables have on the dependent variable. 
Furthermore, the presence of multicollinearity makes pa
rameter estimates very sensitive to particular sets of sam
ple data, and the addition of a few more observations can 
sometimes produce dramatic shifts in these estimates.

Because of this, an attempt will be made to formu
late the model so as to reduce the difficulties associated 
with multicollinearity. Since both a priori reasoning and 
the Rieke study indicate that the great bulk of the dollar 
consumption of gaming services (C) is attributable to Neva
da visitors, Nevada resident per capita income (y1) and Ne
vada resident population (Nj) will be dropped as

55
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independent variables in the model. Moreover, U. S. per 
capita income will be used as a proxy for Nevada visitor 
per capita income and U. S. population will be used as 
a proxy for Nevada visitor population.

Accordingly, the dollar consumption of gaming 
services (C) will be specified

(3-28) c = A2 y2e4 N2es Df

where
C is dollar consumption of gaming services. 
y2 is U. S. per capita income.
N2 is U. S. population.
D is a dummy variable which represents the structure of 

tax rates levied on the sale of gaming services.
64 is elasticity of C with respect to y2. 
e5 is elasticity of C with respect to N2. 
f is a measure of the change in C which results from a 

change in D.
A2 is a constant.

Equation (3-28) is the model which will be used to 
analyze the dollar consumption of gaming services (C).
Note that in this model C is specified as a multiplicative 
function of three independent variables, U . S. per capita



income (yz), U. S. population (Nz) and a dummy variable (D) 
which represents the structure of tax rates levied on the 
sale of gaming services.

Also note that in attempting to reduce the problems 
arising from multicollinearity, a highly attractive feature 
of the initial tax revenue source model is lost. Recall 
that this model (3-27) permitted an estimation of both the 
dollar consumption of gaming services by Nevada residents 
(Ci) and the dollar consumption of gaming services by 
Nevada visitors (Cz). It would be highly desirable to be 
able to estimate the manner in which C is divided between 
Ci and C2. Unfortunately, the actual model which will be 
used in this study (3-28) does not provide an estimation 
of this division.

Multiplicative Specification 
The multiplicative relationship between the inde

pendent variables in the two models deserves further dis
cussion. These two models

(3-15) T = Ai yi61 Ni62 r®3

and

(3-28) C = A2 yz6  ̂ Nz®5 Df

57
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are both of the form

(3-29) Y = $o XiBl X232 X3e3

This multiplicative formulation explicitly recognizes 
interactions among the independent variables. For example, 
the change in Y resulting from a change in X2 depends not 
only on the size of the change in X2, but also the values 
of Xi and X3.

Contrast this with a standard linear model 

(3-30) Y = $o + GiXi + $2X2 + $3X3

In this case, the change in Y resulting from a change in 
X2 will depend solely upon the size of the change in X2, 
and will not be affected by the values of X% and X 3.

Statistical Application

Least-Square Estimation
A model of the form

(3-29) Y = Go Xi31 X232 X 333

implies an exact relationship between the dependent vari
able and the independent variables. Unfortunately, in 
economic models, the relationship is not so precise. For 
given values of the parameters (8o» 8i, 82, 83) and inde
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pendent variables (Xi, X2, X3 ), one would inevitably ob
serve a difference between an observed value of the 
dependent variable and the value given by the model. Two 
reasons for the existence of these errors will be dis-

2icussed.
Measurement error. Consider the single equation 

model. To take the simplest case, assume an error in the 
measurement of the dependent variable only. This will 
result in a difference between the observed value of this 
variable, and the actual value. This difference is a 
measurement error. Faulty measuring devices, mistakes in 
the recording and/or reporting of data, arithmetic mis
takes, etc. all give rise to this type of error.

Stochastic error. Again consider the single equa
tion model. Without exception, some variables which 
influence the dependent variable will not be included as 
independent variables in the model. This omission results 
in a stochastic error.

Of course, if the values of the omitted variables 
remain unchanged for each set of observations on the model 
variables, this type of error would not occur. But the

4. See Ronald J. Wonnacott and Thomas Wonnacott, 
Econometrics (New York: John Wiley and Sons, Inc., 1970) pp. 17-lti.
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fact that it is impossible to hold "other things" con
stant, to exactly duplicate an experiment in all respects, 
makes some amount of this type of error unavoidable.

To take cognizance of the lack of a precise rela
tionship between the dependent and independent variables, 
the two models of this study, (3-15) and (3-28), will be 
modified by entering an error term multiplicatively into 
the equations. This modification results in the following 
specifications:

(3-31) T = A\ yiei Nx62 r03 Ul

and

(3-32) C = A2 y2e4 N2es Df u2

where Ui and u2 are the error terms.
It should be pointed out that the presence of an 

error term in a model does not mean that the model para
meters cannot be estimated. As long as the errors are 
random, estimation is possible.

This study will follow the standard practice of 
using the least-squares method of estimation. For each 
model, those values of the constants in the equation which 
result in a function which minimizes the sum of squared 
deviations of observed values of the dependent variable
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about the function will be used as estimates of the model 
parameters.

Logarithmic Transformation 
A model of the form

(3-30) Y = 3o + BiXi + $2X2 + 33X3

is linear in both the variables and the parameters, where
as a model of the form

(3-33) Y = 3o + 61X 1 + 32X i2

is linear in the parameters but nonlinear in the vari
ables. A model of the form

(3-29) Y = 3oXiei X232 X 3B3

is nonlinear in the parameters. However, a model of this 
type is said to be intrinsically linear, as it can be made 
linear by simple logarithmic transformation.

Taking the natural log of (3-29) yields

(3-3*0 log Y = log 3o + Bilog X% + 32log X2
+ 33log X 3

5. See N. R. Draper and H. Smith, Applied Regres
sion Analysis (New York: John Wiley and Sons, Inc., 1966),p. 132.



Let

(3-35) Y" = log Y

(3-36) 3o = log 3o

(3-37) Xf = log Xi

(3-38) Xz = log X2

(3-39) X? = log X 3

Rewrite (3-3%) as

(3-40) Y' = Bo + BiXi + 32X2 -+ 83X3

It is readily apparent that (3-40) is in the standard lin
ear form.

Taking natural logs of the two unmodified models 
(the models which do not include an error term) of this 
study, (3-15) and (3-28) yields

(3-41) log T = log Ai + eilog y1 + ezlog Ni
+ 63log r

\and

(3-42) log C = log A2 + e4log y2 + eslog N2
+ f log D
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Since these logarithmic formulations are in the standard 
linear form, standard linear regression techniques can be 
used to estimate the model parameters, inasmuch these pa
rameters now take the form of regression coefficients.

Error Term Assumptions
It will be assumed that the natural log of the 

error terms in the models are independent random vari
ables which are normally distributed with an expected 
value of zero and a variance of a2. If these conditions 
are met, the least-squares estimates will be unbiased, 
minimum variance estimates of the population parameters.

The Durbin-Watson test will be used to examine 
the assumption that the error terms are independently 
distributed.^ This test is a small sample test which is 
based upon the sampling distribution of the Durbin-Watson 
statistic (D-W).

There will be zero autocorrelation in the error 
terms if they are independently distributed. The null 
hypthesis of zero autocorrelation will be tested against 
the alternative hypothesis of positive first-order auto
correlation.

6. See J. Johnston, Econometric Methods, Second 
ed. (New York: McGraw-Hill, Inc., 1972), pp. 250-25*1.
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The value of D-W ranges between 0 and 4. If the 

null hypothesis is correct, D-W will be approximately 2. 
Positive first-order autocorrelation tends to result in 
a value of D-W less than 2.

The sampling distribution of D-W depends upon the 
configuration of the independent variables. Durbin and 
Watson have established a lower limit (d^) and a upper 
limit (dy) for the significance levels of D-W to test the 
null hypothesis of zero autocorrelation against the alter
native hypothesis of positive first-order autocorrelation.

The following procedures will be used in the 
application of the test:
1. If d < dy , reject null hypothesis.
2. If d > dy , do not reject null hypothesis.

73. If dy < d < dy , the test is unconclusive.

Constant Elasticity Assumption 
In the development of both the tax revenue model 

and the tax revenue source model it was assumed that the 
elasticities remain constant over time. This assumption 
was crucial in the development of both models.

7. See Appendix A for a more formal description 
of this test.
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A statistical test proposed by Gregory C. Chow

Owill be used to examine this assumption. Roughly speak
ing, the test computes the difference (d) between the 
observed value of the dependent variable in the, nth year 
and the value predicted by a model containing parameters 
obtained from a regression of the first n-1 years.

If the null hypothesis of constant elasticities is 
correct, d2/{est. V(d)} will be distributed F(l, n-l-p), 
where {est. V(d)} is the estimated variance of d and p is
the number of parameters in the model. Standard statisti-

qcal methods can then be used to test the null hypothesis.

8. See Gregory C. Chow, "Tests of Equality Be
tween Sets of Coefficients in Two Linear Regressions," 
Econometrica, XXVIII, No. 3 (July, i960), pp. 591-593-

9. See Appendix B for a more formal description 
of this test.



CHAPTER IV

DETERMINANTS OF SELECTED NEVADA 
STATE TAX REVENUES

The tax revenue model will be used to analyze seven 
Nevada state tax revenues. Since several of the parameters 
in this model take the form of elasticities, estimates of 
these parameters will serve as measures of the behavior of 
the tax revenues to changes in certain economic variables 
held to be important determinants of these tax revenues.

Recall that in the tax revenue model the dependent 
variable is a tax revenue, while the independent variables 
are: (1) Nevada per capita income, (2) Nevada population,
and (3) tax rate associated with the tax revenue. Table 8 
shows .recent growth in Nevada per capita income and Nevada 
population, the two independent variables common to all 
seven statistical applications of the tax revenue model.

Also recall that in the logarithmic transformation 
of the model, the parameters take the form of regression 
coefficients. Since this is the case, standard regression 
techniques can be used to estimate these parameters.

The results of the seven regression runs performed 
in the statistical applications of the model are reported
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TABLE 8

NEVADA PER CAPITA INCOME AND POPULATION 
1956 TO 1971

Year Per Capita Income Population

1956 $2502 250,000
1957 2588 260,000
1958 2645 269,000
1959 2760 279,000
I960 2848 291,000
1961 2893 315,000
1962 3188 352,000
1963 3185 397,000
1964 3177 426,000
1965 3229 444,000
1966 3385 446,000
1967 3521 449,000
1968 3862 464,000
1969 4264 480,000
1970 4552 493,000
1971 4822 510,000

Source: U. S. Department of Commerce, Bureau of Economic 
Analysis, Survey of Current Business - August, 
1972, LII, No. 8 (Washington. D.C.: U. S. Gov- 
ernment Printing Office, 1972), pp. 24-25.



in this chapter. Also given are the results of the Chow 
test of the null hypothesis of constant elasticities.

In each regression run, fiscal year tax revenue is 
matched with per capita income and population of the imme
diately preceding calendar year. This allows a six months' 
period for time lags between (1) per capita income changes 
and their effects on tax revenue and (2) population changes 
and their effects on tax revenue.

Standard errors of the regression coefficients are 
listed in parenthesis below the regression coefficients.
Also reported for each regression run are the coefficient 
of multiple determination (R2), the Durbin-Watson statistic 
(D-W) and the results of the Chow test (d, est. V(d), P). 1
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1. For a similar treatment of the problem of ad
justing for time lags see Groves and Kahn, p. 91.
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General Sales Tax Revenue

Nevada Imposes a tax on general sales. The rate of 
this tax is three per cent. In addition, counties are au
thorized to collect a one-half per cent tax. In 1971-72, 
general sales tax revenue accounted for 33 per cent of to
tal state tax revenue

The base of Nevada's general sales tax consists of 
all taxable sales and taxable items of use. Food sales 
(both food sold for off-premise consumption and restaurant 
meals), cigarette sales and alcoholic beverages sales are 
included in the base. (A selective sales tax is also lev
ied on cigarette sales and alcoholic beverages sales.) Ex
empt from the base are the sale of most services, gasoline 
(also subject to a selective sales tax), drugs, medicine,

pgas, electricity, water, and several other items.
The general sales tax consists of two distinct 

taxes; (1) a two per cent sales and use tax, and (2) a one 
per cent local school support tax. Both will be briefly 
discussed.

Sales and Use Tax
The sales and use tax was first imposed in 1955. 

The passage of legislation providing for this tax was a 2

2. See Nevada, Revised Statutes, 372.105
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direct outgrowth of financial pressures engendered by 
rapid increases in educational costs, the growing needs 
of state institutions and the necessity of expanding state 
facilities (land, buildings, etc.) at the State capital.

The choice of a sales tax rather than an income tax 
was the result of two factors. First, Nevada traditionally 
had followed a policy of seeking to attract wealthy resi
dents and business concerns on the basis of low tax burdens 
and the absence of income and death taxes, in particular. 
The wide publicity given to this policy and its general 
acceptance had created a genuine obstacle to the introduc
tion of income and death taxes. Secondly, it was felt 
that a considerable part of the burden of a sales tax would 
fall on non-residents.

The initial rate of the sales and use tax was two 
per cent. This rate has not changed since inception. All 
revenue from the tax is distributed to the general fund. 
Table 9 shows the growth in sales and use tax revenue 
since 1956-57•

Since there have been no changes in sales and use 
tax rate, the logarithm of this variable is not included 
as an independent variable in the regression equation.
This procedure is necessary because the inclusion of a 
vector of tax rate logarithms, all of which have the same
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TABLE 9 .

NEVADA STATE 
SALES AND USE 

TAX RATE AND TAX REVENUE 
1956-57 TO 1971-72

Year Tax Rate Tax Revenue

1956-57

(per cent) 

2 $ 9,795,485
1957-58 2 10,292,481
1958-59 2 11,048,645
1959-60 2 12,903,108
1960-61 2 13,903,267
1961-62 2 15,968,367
1962-63 2 20,135,965
1963-64 2 21,240,992
1964-65 2 22,252,502
1965-66 2 23,443,748
1966-67 2 23,380,185
1967-68 2 25,091,357
1968-69 2 28,360,726
1969-70 2 33,352,699
1970-71 2 35,347,418
1971-72 2 39,574,633

Source: Nevada Tax Commission, Annual Report, Annual Is
sues, 1956-57 to 1971-72 (Carson City: Nevada 
State Printing Office).
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value, would make the matrix of independent variables 
singular. The estimate of the elasticity of this constant 
tax rate is subsumed in the estimate of the regression 
constant.
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Regression analysis on the logarithmic form of the 

tax revenue model, using sales and use tax data, produced 
the following results

(4-1) log Tqn = 2.98 + .96 log yi + 1.02 log Ni
(.15) (.12)

where
Tsu is Nevada sales and use tax revenue, 
yi is Nevada per capita income.
Ni is Nevada population.

(4-2) R2 = .9898

(4-3) D-W = .67 (at the .01 level, d^ = .74 and dy =
1.25.)

Results of the Chow test are as follows 

(4-4) d = -1.13 X 10"3

(4-5) est.V(d) = 4.27 X 10“3

(4-6) F = 3.02 X 10  ̂f(at the .01 level, critical
F{1, 12} = 9.33.)
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Note the following:

1. Both regression coefficients are significantly greater 
than zero at the .01 level (ei = 0.96 and ez = 1.02).

2. The coefficient of multiple determination (R2) indi
cates that 98.98 per cent of the variation in the 
dependent variable (log T^y) is explained by variations 
in the independent variables ( log y1 and log Ni).

3. The Durbin-Watson test indicates that the null hypothe
sis of zero autocorrelation in the error terms should 
be rejected at the .01 level.

4. The Chow test indicates that the null hypothesis of 
constant elasticities should not be rejected at the .01
level.



75
Local School Support Tax

During the latter half of the decade of the 1960's, 
Nevada found itself in financial difficulties as a result 
of the growing needs of the public school system for 
support. These difficulties were resolved by passage, in 
1967, of an additional one per cent sales tax on the same 
transactions which were subject to the sales and use tax. 
This tax was called the local school support tax since all 
revenue from the tax is returned to the county of origin 
for distribution to school districts.

Unfortunately, the institution of this tax cannot 
be viewed as an increase in the sales and use tax since 
sales contracts entered into prior to July 1, 1967 are 
exempt from the local school support tax even though 
transfer of goods and payment occurred subsequent to this 
date. That is, since 1967 there have been some sales 
which have generated sales and use tax revenue, but which 
have not produced any local school support tax revenue.

This prompts consideration of the amount of sales 
which escaped taxation as a result of these grandfather 
contracts. An estimate of this can be made by asking 
how much local school support tax revenue would have been 
collected if there had been no grandfather contracts.
Since the one per cent local school support tax rate is
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one-half of the two per cent sales and use tax rate, es
timated local school support tax revenue without grandfather 
contracts would be one-half of sales and use tax revenue.

Table 10 shows estimated and actual local school 
support tax revenue from 1967-68 to 1971-72. In 1967-68, 
the first year following imposition of the tax, estimated 
revenue was $12,5^5,678, while actual revenue was 
$9,435,938. The $3,109,740 difference represents an 
estimate of the foregone tax revenue which was not col
lected that year as a result of grandfather contracts.
From this it follows that an estimated $310,974,000 in 
sales escaped taxation, since this would be the amount of 
sales necessary to generate the $3,109,740 difference.

As Table 10 indicates, the major impact of the 
grandfather contracts was felt in 1967-68. Of consider
able curiosity in this table is the negative difference in 
1971-72. It is very difficult to explain why actual tax 
revenue exceeded estimated tax revenue that year. This 
anomaly is probably the result of differences in reporting 
and collecting procedures between the two taxes.

Since the imposition of the local school support 
tax cannot be looked upon as an increase in the sales and 
use tax, it will not be possible to estimate the elasticity 
of sales tax revenue with respect to tax rate. Also, since



TABLE 10
ESTIMATED EFFECTS OF GRANDFATHER CONTRACTS

ON
NEVADA STATE

LOCAL SCHOOL SUPPORT TAX REVENUE 
1967-68 TO 1971-72

Year Estimated
Local School Support 

Tax Revenue 
without

Grandfather Contracts

Actual
Local School Support 

Tax Revenue 
with

Grandfather Contracts

Difference 
(Estimated minus 

Actual)

1967-68 $ 12,545,678 $ 9,435,938 $ 3,109,740

1968-69 14,180,363 13,899,896 280,467
1969-70 16,676,350 16,257,405 418,945

1970-71 17,673,709 17,575,742 97,967
1971-72 19,787,316 19,926,977 (139,661)



there is an insufficient number of observations to perform 
regression analysis, no attempt will be made to estimate 
the elasticies of local school support tax revenue with re
spect to per capita income and population.

78
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Gasoline Sales Tax Revenue 

Nevada imposes a tax on the sale of gasoline.
This tax was first levied in 1923 at a rate of $.02 per 
gallon. The rate has been changed several times since 
then and today is $.06 per gallon.^ Table 11 shows the 
growth in gasoline sales tax revenue since 1956-57•

Seventy-five per cent of gasoline sales tax reve
nue goes to the State highway fund. The remaining 25 
per cent is distributed to county of origin for construc
tion, maintenance and repair of county and city streets.
In addition, counties are authorized to levy an optional 
$.01 or $.02 per gallon tax on gasoline sales. In 1971- 
72, state gasoline sales tax revenue and county gasoline 
sales tax revenue accounted for 14 per cent of total 
state tax revenue.

Since there have been no changes in gasoline sales 
tax rate since 1956-57, the logarithm of this variable is 
eliminated from the regression equation in order to avoid 
singularity in the matrix of independent variables. As 
with sales and use tax rate, the estimate of the elastici
ty of gasoline sales tax rate is subsumed in the estimate 
of the regression constant.

3. See Nevada, Revised Statutes, 365.170.
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TABLE 11

NEVADA STATE 
GASOLINE SALES 

TAX RATE AND TAX REVENUE 
1956-57 TO 1971-72

Year Tax Rate 
(per gallon)

Tax Revenue

1956-57 $.06 $ 7,105,333
1957-58 .06 7,494,249
1958-59 .06 7,839,777
1959-60 .06 8,437,981
1960-61 .06 8,923,186
1961-62 .06 9,819,675
1962-63 .06 11,386,961
1963-64 .06 12,408,814
1964-65 . 06 13,141,716
1965-66 .06 13,612,307
1966-67 .06 13,845,385
1967-68 .06 14,654,116
1968-69 .06 15,840,831
1969-70 .06 17,206,511
1970-71 . 06 18,447,777
1971-72 .06 19,932,730

Source: Nevada Tax Commission, Annual Report, Annual 
Issues, 1956-57 to 1971-72 (Carson City: Nevada 
State Printing Office).



Regression analysis on the logarithmic form of the 
tax revenue model, using gasoline sales tax data, produced 
the following results

(4-7) log T-, = 6.20 + 0.64 log yi + 0.83 log Ni
(.04) (.03)

where
Tq is Nevada gasoline sales tax revenue, 
yi is Nevada per capita income.
Ni is Nevada population.

(4-8) R2 = .9986

(4-9) D-W = .98 (at the .01 level, d^ = .74 and dy =
1.25.)

Results of the Chow test are as follows 

(4-10) d = 1.10 X 10"2

(4-11) est. V(d) = 3.18 X 10^

(4-12) F = 3.82 X 10-1 (at the .01 level, critical
F{1, 12} = 9.33.)
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1. Both regression coefficients are significantly greater 
than zero at the .01 level (ei = 0.64 and 6% =0.83).

2. The coefficient of multiple determination (R2) indi
cates that 99•86 per cent of the variation in the 
dependent variable (log T^) is explained by variations 
in the independent variables (log y% and log Ni).

3. The Durbin-Watson test indicates that the null hypoth
esis of zero autocorrelation in the error terms is 
inconclusive at the .01 level.

4. The Chow test indicates that the null hypothesis of 
constant elasticities should not be rejected at the

Note the following:

.01 level.
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Cigarette Sales Tax Revenue 

Nevada imposes a tax on the sale of cigarettes, 
but does not tax the sale of cigars or other tobacco pro
ducts . The cigarette sales tax was first levied in 194?
at a rate of $.02 per package. The rate has been changed

4several times since then and today is $.10 per package. 
Table 12 shows changes in the cigarette sales tax rate and 
growth in cigarette sales tax revenue since 1956-57•

In 1971-72, cigarette sales tax revenue accounted 
for 5 per cent of total state tax revenue. The entire 
proceeds from this tax are returned to county of origin.

The two changes in cigarette sales tax rate since 
1956-57 permit estimation of the elasticity of cigarette 
sales tax revenue with respect to cigarette sales tax 
rate. The precision of this estimate, as evidenced by 
its low standard error, is the result of the relatively 
wide range of observations on this variable.

4. See Nevada, Revised Statutes, 370.170.



TABLE 12
NEVADA STATE 

CIGARETTE SALES 
TAX RATE AND TAX REVENUE 

1956-57 TO 1971-72

Year Tax Rate 
(per package)

Tax Revenue

1956-57 $.03 $1,176,878
1957-58 .03 1,263,438
1958-59 .03 1,427,861
1959-60 .03 1,585,839
1960-61 .03 1,710,021
1961-62 .07 4,244,693
19 62—63 .07 4,788,823
1963-64 .07 5,101,876
1964-65 .07 5,284,572
1965-66 .07 5,441,413
1966-67 .07 5,367,887
1967-68 .07 5,665,361
1968-69 .07 5,969,813
1969-70 .10 8,384,505
1970-71 .10 8,990,443
1971-72 .10 9,633,538

Source: Nevada Tax Commission, Annual Report, Annual 
Issues, 1956-57 to 1971-72 (Carson City: Nevada 
State Printing Office).
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Regression analysis on the logarithmic form of the 

tax revenue model, using cigarette sales tax data, produced 
the following equation

(4-13) log Tn = 12.00 + 0.14 log yi + 0.86 log Ni(.20) (.21)
+ 1.06 log rn

(.09) C
where
Tq is Nevada cigarette sales tax revenue, 
yi is Nevada per capita income.
Ni is Nevada population.
r^ is Nevada cigarette sales tax rate.

(4-14) R2 = .9937

(4-15) D-W = .62 (at the .01 level, d^ = .63 and dy =
1.44.)

Results of the Chow test are as follows 

(4-16) d = 1.48 X 10~2

(4-17) est. V(d) = 7.88 X 10™3

(4-18) F = 2.78 X 10"2 (at the .01 level, critical
F{1, 11} = 9.65.)
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1. The first regression coefficient is not significantly 
greater than zero (ei = 0.14). The second regression 
coefficient is significantly greater than zero (e2 =
0.86). The third regression coefficient is not sig
nificantly greater than one (e3 = 1.06).

2. The coefficient of multiple determination (R2) indi
cates that 99.37 per cent of the variation in the 
dependent variable (log T^) is explained by variations 
in the independent variables (log yi, log Ni and
log rc).

3. The Durbin-Watson test indicates that the null hypoth
esis of zero autocorrelation in the error terms should 
be rejected at the .01 level.

4. The Chow test indicates that the null hypothesis of 
constant elasticities should not be rejected at the

Note the following:

.01 level.
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Distilled Spirit s Sales Tax Hevenue

Nevada imposes a tax on the sale of distilled 
spirits (liquor containing more than 22 per cent alcohol). 
The distilled spirits sales tax was first levied in 1935 
at a rate of $.*10 per gallon. The rate has been changed 
several times since then and today is $1.90 per gallon.^ 
Table 13 shows changes in the distilled spirits sales tax 
rate and growth in distilled spirits sales tax revenue 
since 1956-57•

In 1971-72, distilled spirits sales tax revenue 
accounted for 3 per cent of total state tax revenue. Of 
the proceeds from the tax, 5/19 is returned to county of 
origin. The remaining 14/19 goes to the general fund.

The two changes in distilled spirits sales tax 
rate since 1956-57 permit estimation of the elasticity of 
distilled spirits sales tax revenue with respect to 
distilled spirits sales tax rate. The relatively wide 
range of observations on this tax rate has enabled this 
elasticity to be estimated with considerable precision.

5. See Nevada, Revised Statutes, 369•330.
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TABLE 13

NEVADA STATE 
DISTILLED SPIRITS SALES 

TAX RATE AND TAX REVENUE 
1956-57 TO 1971-72

Year Tax Rate 
(per gallon)

Tax Revenue

1956-57 OGO $ 648,273
1957-58 .80 693,642
1958-59 .80 757,664
1959-60 .80 851,268
1960-61 .80 957,981
1961-62 1.40 1,542,004
1962-63 1.40 1,898,448
1963-64 1.40 2,037,969
1964-65 1.40 2,186,293
1965-66 1.40 2,459,037
1966-67 1.40 2,493,197
1967-68 1.40 2,702,189
1968-69 1.40 3,011,913
1969-70 1.90 4,129,178
1970-71 1.90 4,632,750
1971-72 1.90 5,339,527

Source: Nevada
Issues
State

Tax Commission, Annual Report, Annual 
, 1956-57 to 1971-72 (Carson City: Nevada 
Printing Office).
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Regression analysis on the logarithmic form of the 

tax revenue model, using distilled spirits sales tax data, 
produced the following equation

(4-19) log TnQ = -0.50 + 1.05 log yx + 1.06 log Ni
DS (.12) (.11)

+ 0.70 log rnc,(.08) DS
where

is Nevada distilled spirits sales tax revenue. 
yi is Nevada per capita income.
Ni is Nevada population.
r^g is Nevada distilled spirits sales tax rate.

(4-20) R2 = .9978

(4-21) D-W = 1.14 (at the .01 level, d^ = .63 and dy =
1.44.)

Results of the Chow test are as follows 

(4-22) d = 4.11 X 10"2

(4-23) est. V(d) = 2.22 X 10"3

(4-24) F = 7•62 X 10-1 (at the .01 level, critical
F{1, 11} = 9.65.)
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1. The first two regression coefficients are both signi
ficantly greater than zero at the .01 level (ei = 1.05 
and ea = 1.06). The third regression coefficient is 
less than one (e3 = 0.70).

2. The coefficient of multiple determination (R2) indi
cates that 99*78 per cent of the variation in the 
dependent variable (log T ^ )  is explained by variations 
in the independent variables (log yi, log Ni and

l o s  r D S ^ *

3. The Durbin-Watson test indicates that the null hypoth
esis of zero autocorrelation in the error terms is 
inconclusive at the .01 level.

4. The Chow test indicates that the null hypothesis of 
constant elasticities should not be rejected at the

Note the following:

.01 level.



Beer Sales Tax Revenue
Nevada imposes a tax on the sale of beer (malt 

beverages). The beer sales tax was first levied in 1935 
at a rate of $.02 per gallon. The rate has been changed 
several times since then and today is $.06 per gallon.'^ 
Table 14 shows changes in the beer sales tax rate and 
growth in beer sales tax revenue since 1956-57•

In 1971-72, beer sales tax revenue accounted for 
.5 per cent of total state tax revenue. The entire pro
ceeds of this tax go to the general fund.

Although there has been only one change in beer 
sales tax rate since 1956-57, this is sufficient to esti 
mate the elasticity of beer sales tax revenue with 
respect to beer sales tax rate. The low standard error 
of this estimate indicates a high degree of precision. 
This is the result of the relatively wide range of obser 
vations on the variable.

6. See Nevada, Revised Statutes, 369.330.
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TABLE 14

NEVADA STATE 
BEER SALES

TAX RATE AND TAX REVENUE 
1956-57 TO 1971-72

Year Tax Rate 
(per gallon)

Tax Revenue

1956-57 $.03 $162,809
1957-58 .03 167,725
1958-59 .03 179,934
1959-60 .03 191,314
1960-61 .03 221,346
1961-62 .06 450,546
1962-63 .06 530,450
1963-64 .06 566,286
1964-65 .06 600,857
1965-66 .06 618,819
1966-67 . 06 623,132
1967-68 .06 637,238
1968-69 .06 678,577
1969-70 .06 782,583
1970-71 .06 858,801
1971-72 .06 892,053

Source: Nevada Tax Commissions Annual Report, Annual 
Issues, 1956-57 to 1971-72 (Carson City: Nevada 
State Printing Office).
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Regression analysis on the logarithmic form of the 

tax revenue model, using beer sales tax data, produced the 
following results

(4-25) log Tr = 6.37 + 0.74 log yi + 0.65 log N x
B (.12) (.14)

+ 1.06 log r^(.06) B
where
Tg is Nevada beer sales tax revenue. 
yi is Nevada per capita income.
Ni is Nevada population.
rg is Nevada beer sales tax rate.

(4-26) R2 = .9972

(4-27) D-W = 1.47 (at the .01 level, dg = .63 and dy =
1.44.)

Results of the Chow test are as follows 

(4-28) d = -6.52 X 10“3

(4-29) est. V(d) = 2.52 X 10"3

(4-30) F = 1.69 X 10"2 (at the .01 level, critical
F{1, 11} = 9.65.)
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1. The first two regression coefficients are both signi
ficantly greater than zero at the .01 level (ei = 0.74 
and ea = 0.65). The third regression coefficient is 
not significantly greater than one at the .01 level
(e $ = 1.06)•

2. The coefficient of multiple determination (R2) indi
cates that 99.72 per cent of the variation in the 
dependent variable (log Tg) is explained by variations 
in the independent variables (log y1} log Ni and
log rB).

3. The Durbin-Watson test indicates that the null hypoth
esis of zero autocorrelation in the error terms should 
not be rejected at the .01 level.

4. The Chow test indicates that the null hypothesis of 
constant elasticities should not be rejected at the

Note the following:

.01 level.
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Light Wines Sales Tax Revenue 

Nevada imposes a tax on the sale of light wines 
(wines containing up to 14 per cent alcohol). The light 
wines sales tax was first levied in 1935 at a rate of 
$.10 per gallon. The rate has been changed several times 
since then and today is $.30 per gallon.^ Table 15 
shows changes in the light wines sales tax rate and 
growth in light wines sales tax revenue since 1956-57*

In 1971-72, light wines sales tax revenue account
ed for .2 per cent of total state tax revenue. The entire 
proceeds of this tax go to the general fund.

There has been one change in light wines sales 
tax rate since 1956-57 * As a result, estimation of the 
elasticity of light wines sale's tax revenue with respect 
to light wines sales tax rate is possible. The standard 
error of this estimate is relatively small, indicating • 
considerable precision in the estimate. This is due to 
the relatively wide range of observations on the variable.

7. See Nevada, Revised Statutes, 369.330.
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NEVADA STATE 
LIGHT WINES SALES 

TAX RATE AND TAX REVENUE 
1956-57 TO 1971-72

TABLE 15

Year Tax Rate 
(per gallon)

Tax Revenue

1956-57 $.15 $ 29,654
1957-58 .15 32,676
1958-59 .15 37,078
1959-60 .15 47,169
1960-61 .15 51,736
1961-62 .30 103,371
1962-63 •30 111,015
1963-64 .30 132,479
1964-65 .30 148,671
1965-66 .30 167,578
1966-67 .30 183,134
1967-68 .30 211,750
1968-69 .30 236,373
1969-70 .30 305,116
1970-71 .30 364,118
1971-72 .30 433,326

Source: Nevada Tax Commission, Annual Report, Annual 
Issues, 1956-57 to 1971-72 [Carson City: Nevada 
State Printing Office).



Regression analysis on the logarithmic form of the 
tax revenue model, using light wines sales tax data, pro
duced the following results
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(4-31) log Tr = -10.00 + 1.99 log y ! + 1.11 log Ni
LW (.24) (.28)

+ (ill)108 rLW
where

t lw is Nevada light wines sales tax revenue.
y 1 is Nevada per capita income.
Ni is Nevada population.
r ^  is Nevada light wines sales tax rate.

(4-32) R2 = .9943

(4-33) D-W = 1.58 (at the .01 level, d^ = .63 and dy =
1.44.)

Results of the Chow test are as follows 

(4-34) d = 2.95 X 10“2

(4-35) est. V(d) = 9-99 X 10"3

(4-36) F = 8.71 X 10~2 (at the .01 level, critical
FU, 11} = 9.65.)
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1. The first two regression coefficients are both signi
ficantly greater than zero at the .01 level (ei = 1.99 
and 62 = 1.11). The third regression coefficient is 
less than one (ea = 0.73).

2. The coefficient of multiple determination (R2) indi
cates than 99•^3 per cent of the variation in the 
dependent variable (log T^) is explained by variations 
in the independent variables (log y %, log Ni and

los rLVtP *
3. The Durbin-Watson test indicates that the null hypoth

esis of zero autocorrelation in the error terms should 
not be rejected at the .01 level.

4. The Chow test indicates that the null hypothesis of 
constant elasticities should not be rejected at the

Note the following:

.01 level.
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Fortified Wines Sales Tax Revenue

Nevada imposes a tax on the sale of fortified 
wines (wines containing 14 to 22 per cent alcohol). The 
fortified wines sales tax was first levied in 1935 at a 
rate of $.20 per gallon. The rate has been changed

8several times since then and today is $.50 per gallon. 
Table 16 shows changes in the fortified wines sales tax 
rate and growth in fortified wines sales tax revenue since 
1956-57.

In 1971-72, fortified wines sales tax revenue 
accounted for .08 per cent of total state tax revenue.
The entire proceeds of this tax go to the general fund.

The one change in fortified wines sales tax rate 
since 1956-57 enables an estimate of the elasticity of 
fortified wines sales tax revenue with respect to forti
fied wines sales tax rate to be made. The precision of 
this estimate, as indicated by the low standard error 
of the relevant regression coefficient, results from the 
relatively wide range of observations on the variable.

8. See Nevada, Revised Statutes, 369.330.
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NEVADA STATE 
FORTIFIED WINES SALES 

TAX RATE AND TAX REVENUE 
1956-57 TO 1971-72

TABLE 16

Year Tax Rate 
(per gallon)

Tax Revenue

1956-57 $.25 •$ 56,115
1957-58 .25 56,339
1958-59 .25 57,016
1959-60 .25 61,840
1960-61 .25 65,273
1961-62 .50 112,053
1962-63 .50 124,886
1963-64 .50 137,177
1964-65 .50 129,805
1965-66 ♦ 50 129,167
1966-67 .50 128,534
1967-68 .50 131,065
1968-69 .50 123,594
1969-70 .50 136,245
1970-71 •50 142,745
1971-72 .50 141,849

Source: Nevada Tax Commission, Annual Report, Annual 
Issues, 1956-57 to 1971-72 (Carson City: Nevada 
State Printing Office).
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Regression analysis on the logarithmic form of the 

tax revenue model, using fortified wines sales tax data, 
produced the following results

(4-37) log T ~ r = 9.65 + 0 . 1 0  log y 1 + 0.32 log N 1
FW (.16) (.18)

+ 0.88 log rw
(.08) PW

where
is Nevada fortified wines sales tax revenue. 

y1 is Nevada per capita income.
N 1 is Nevada population.
r^^ is Nevada fortified wines sales tax rate.

(4-38) R2 = .9879

(4-39) D-W = 1.60 (at the .01 level, d^ = .63 and dy =
1.44.)

Results of the Chow test are as follows 

(4-40) d = 2.55 X 10“3

(4-41) est. V(d) = 6.45

(4-42) P = 9.77 X 10~7 (at the .01 level, critical
F{1, 11} = 9.65.)
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1. Neither of the first two regression coefficients is 
significantly greater than zero at the .01 level
(ei = 0.10 and 62 = 0.32). The third regression co
efficient is less than one (es = 0.88).

2. The coefficient of multiple determination (R2) indi
cates that 98.79 per cent of the variation in the 
dependent variable (log T^) is explained by varia
tions in the independent variables (log y1, log Ni 
and log rpw).

3* The Durbin-Watson test indicates that the null hypoth
esis of zero autocorrelation in the error terms should 
not be rejected at the .01 level.
The Chow test indicates that the null hypothesis of 
constant elasticities should not be rejected at the 
.01 level.

Note the following:

it.
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Summary of Regression Results

The seven regression runs performed on the log
arithmic form of the tax revenue model produced a total 
of 19 elasticity estimates. Each of these estimates 
conveys meaningful economic information which should 
prove helpful to fiscal planners and decision makers.

A detailed economic interpretation of these 
estimates will be given in Chapter 6. However, two of 
the more salient features of the estimates deserve 
comment at this point.

First, it should be noted that all but three of 
the 19 estimates are significantly greater than zero.
Those which are not are:

1. Elasticity of cigarette sales tax revenue 
with respect to per capita income.

2. Elasticity of fortified wines sales tax 
revenue with respect to per capita income.

3. Elasticity of fortified wines sales tax 
revenue with respect to population.

These estimates imply that cigarette sales tax revenue 
is unresponsive to changes in per capita income and that 
fortified wines sales tax revenue is unresponsive to 
changes in per capita income and population. These impli
cations will be further discussed in Chapter 6.
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The second point to be noted concerns the tax 

rate elasticity estimates. None of these were found to 
be significantly greater than one. Since tax rate elas
ticities greater than one run counter to the law of 
demand, this outcome is in accord with economic theory. 
Again, this point will be more fully discussed in Chapter 
6 .



CHAPTER V

THE NEVADA GAMING TAX

Counter to the widely held belief, Nevada is not 
the "number one" gaming state in the nation. In 1971-72, 
New York, California, Florida, and Illinois all derived 
more tax revenue from gaming sales than did Nevada. See 
Table 17.

However, on a per capita basis, Nevada is clearly 
the leader. In 1971-72, the State's per capita tax revenue 
from gaming was $75-03. This is almost five times greater 
than the $15.67 figure for Delaware, the number two state. 
See Table 18.

Of the 29 states which legalize some form of wager
ing at the present time, Nevada is the only one to legalize 
it in most of its forms, and the gaming industry is of vi
tal importance to the State's economy. In 1971, the 57,000 
Nevadans employed in the amusement and hotel services in
dustries represented 31 per cent of total state employ
ment .̂  Furthermore, it has been estimated that half of the 
employment in the State results directly and indirectly 
from the gaming-tourism-entertainment complex. 1

1. Nevada Employment Security Department, Nevada 
Employment and Payrolls - 1971, pp. 1-2.
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TABLE 17

STATE GAMING SALES TAX REVENUE 
1971-72

Rank State Tax Revenue
1 . New York $166,301,0002. California 67,783,0003. Florida 58,978,0004. Illinois 47,773,0005. Nevada. 38,265,0006 . New Jersey 34,573,0007. Massachusetts 29,982,0008 . Michigan 25,407,0009. Pennsylvania 21,315,00010. Ohio 17,014,00011. Maryland 15,445,00012. New Hampshire 11,110,00013. West Virginia 10,577,000
1H. Rhode Island 9,294,00015. Delaware 8,759,00016. Arkansas 7,453,00017. Kentucky 7,222,00018. Louisiana 6,290,00019. Colorado 5,117,00020. Arizona 4,971,00021. Washington 3,052,00022. Vermont 2,913,00023. Oregon 2,667,00024. Nebraska 2,633,00025. Maine 1,673,00026. South Dakota 1,565,00027. New Mexico 1,131,00028. Idaho 178,00029. Wyoming 24,000

Source: U. S. Department of Commerce, Bureau of the Census,
State Tax Collections in 1972, Series GF72 No. 1 
(Washington, D.C.: U. S. Government Printing Of
fice, 1972), pp. 8, 26.



TABLE 18 
PER CAPITA

STATE GAMING SALES TAX REVENUE 
1971-72
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Rank State Per Capita 
Tax Revenue

1. Nevada $75.03
2. Delaware 15.67
3. New Hampshire 14.66
H. Rhode Island 9.69
5. New York 9.06
6 . Florida 8.40
7. Vermont 6.42
8. West Virginia 5.98
9. Massachusetts 5.20

10. New Jersey 4.7311. Illinois 4.2712. Maryland 3.85
13. Arkansas 3.82
14. California 3.34
15. Michigan 2.82
16. Arizona 2.67
17. South Dakota 2.32
18. Colorado 2.24
19. Kentucky 2.20
20. Pennsylvania 1.7921. Nebraska 1.7522. Louisiana 1.70
23. Maine 1.6524. Ohio 1.58
25. Oregon 1.2526. New Mexico 1.08
27. Washington .88
28. Idaho .24
29. Wyoming .07

Source : U. S. Department of Commerce, Bureau of the Cen
s u s State Tax Collections in 1972, Series GF72 
No. 1 (Washington, D.C.: U. S. Government Printing 
Office, 1972), pp. 8, 26.
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History of Gaming in Nevada

Nevada has traditionally been characterized by 
legalized gaming. Although intermittently prohibited, it 
has enjoyed a legal status throughout most of the State's 
history.

Nevada became a territory on March 2, 1861. A bill 
was passed at the first territorial legislative meeting 
which prohibited all forms of gaming. The act specified 
that operation of a game of chance was a felony and betting 
a misdemeanor.

On October 31, 1864, Nevada was admitted to the
union. At the first session of the state legislature, the
territorial act prohibiting gaming was repealed and in its
place a state gaming prohibition law was enacted. Under
the new statute, operating a game of chance was merely a

pmisdemeanor, and betting was not penalized.
In 1869, the Legislature voted to legalize gaming. 

Governor Harry G. Blasdel vetoed the bill, but both Assembly 
and Senate overrode the veto, and gaming became legal.

Shortly after the turn of the century, legalized 
gaming in Nevada suffered a resounding setback. A wave of 
anti-gaming sentiment resulted in the passage, by the 1909 
Legislature, of a measure which prohibited all forms of

2. Nevada, Statutes of Nevada, 1869, pp. 119-120.



109
gaming. Governor Dickerson signed the measure and the law 
became effective on October 1, 1910.

The severity of this gaming prohibition Act was cri
ticized by several different groups. In 1915> the Legisla
ture attempted to soften the impact of the law by stating 
that nothing in the Act was meant to prohibit '*social games 
played only for drinks and cigars . . .  or for prizes of a 
value not to exceed two dollars, nor nickel-in-the-slot

■3machines for the sale of cigars and drinks . . .
Between 1915 and 1931, Nevada's gaming laws were 

enforced with decreasing effectiveness. One Nevada histor
ian has referred to the period in this manner:

This patchwork law remained in force for 16 
years, during which time it was by all accounts 
either ignored completely or so feebly enforced 
as to be worse than useless. Its fatal defect lay 
in the fact that the games allowed in the licensed 
houses had little appeal to the gambling public, 
which accordingly shunned them and patronized in
stead the numerous undercover resorts that promptly 
sprang up.

As a result, state and local revenues from 
license fees declined year by year while the ille
gal houses multiplied . . . .4

The 1931 session of the Legislature marked the be
ginning of modern legalized gaming in Nevada. After much

3. Nevada, Statutes of Nevada, 1915, p . 31.
4. Oscar Lewis, Sagebrush Casinos (Garden City, New 

York: Doubleday and Company Inc., 1953), p. 56.
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speculation concerning the issue, Humboldt County Assembly- 
man Phil M. Tobin introduced a "wide-open gaming bill". 
After several open hearings at which considerable opposi
tion was voiced by religious, temperance and other groups, 
the Committee on Public Morals reported the bill out, and 
it was passed in the Assembly by a vote of 24 to 11. Sev
eral days latter, the Senate passed the measure by a vote 
of 13 to 3 and, on March 19, 1931, Governor Fred B. Balzar 
signed it into law.

Passage of legalized gaming in Nevada at this time 
was due to several factors. A primary reason was the fact 
that Nevada was characterized by widespread illegal gaming 
and major dissatisfaction with the lack of regulation. In 
addition, it was hoped that legalized gaming would stimu
late business activity which had suffered severely in the 
nation-wide depression. And finally, it was recognized 
that legalized gaming would provide an additional source of 
tax revenue and needed relief from other taxes.

In summary, it can be said that gaming has played 
a significant role throughout Nevada’s history. Although 
illegal in most forms from 1864-1869 and 1910-1931, it has, 
in fact, thrived since statehood.^

5• For a brief history of gaming in Nevada, see 
Nevada Legislative Counsel Bureau, Financing State and Lo
cal Government in Nevada. Report No. 44, by Reuben A. 
Zubrow, Robert L. Decker and E. H. Plank (Carson City: Ne
vada State Printing Office, I960), pp. 306-310.
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Percentage Fees Tax Revenue

This section will be devoted to a discussion of the 
revenue from one of Nevada’s most productive taxes, the 
percentage fees tax. Before proceeding, however, some men
tion should be made of the extent of gaming taxation in the 
State.

Gaming activity in Nevada is taxed by three differ
ent levels of government: (1) federal, (2) state, and (3) 
local. This taxation has resulted in both "vertical tax 
overlapping" and "horizontal tax overlapping".

"Vertical tax overlapping" occurs when the same 
tax base is taxed by different levels of government. To 
illustrate, consider a business establishment in Reno, Ne
vada with one slot machine on the premises. This slot ma
chine is taxed at annual rates of: (1) $250 by the U.S. 
Government, (2) $220 by the State of Nevada, and (3) $140 
by local governments ($40 by Washoe County and $100 by the 
City of Reno).

"Horizontal tax overlapping" is the taxation of the 
■ same tax base by different units of government at the same 
level. The example above also illustrates this concept, 
since two local governmental units, Washoe County and the 
City of Reno, both levy taxes on the same slot machine.

The amount of tax revenue generated by the numerous 
taxes levied by governmental units on gaming activity in 
Nevada amounted to $77,510,000 in 1971-72. See Table 19.
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DIRECT LEVIES ON GAMING IN NEVADA 
1971-72

TABLE 19

Source Tax Revenue Per Cent
(thousands) of Total

U .S. Government $11,819 15.2
State of Nevada 54,880 70.8

Percentage Fees $33,422 43.1
Slot Machines 8,448 10.8
Casino Entertainment 7,182 9.3
Flat Fees 4,224 5.4
Annual License Fees 1,125 1.6
Miscellaneous 479 0.6

Nevada Counties 7,980 10.3
Nevada Cities 2,831 3.7

$77,510 100.0

Sources:
Nevada Gaming Control Board, Direct Levies on Gaming in 
Nevada (Carson City: Nevada State Printing Office, 
197277 p. 3.Nevada Gaming Commission, Quarterly Report - Second 
Quarter of 1972 (Carson City: Nevada State Printing 
Office, 1972TT~PP. 47-53.
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Most of the tax revenue from gaming activity in 

Nevada is attributable to Nevada State levies. And by far 
the most important State levy is the percentage fees tax.
In 1971-72, revenue from this tax amounted to $33,422,000 
and accounted for 6l per cent of State gaming tax revenue. 
Table 20 shows the growth in percentage fees tax revenue 
since 1971-72.

Gross taxable revenue is the base upon which the 
percentage fees tax is levied. This base is defined as all 
gaming winnings, less only the total of all sums paid out 
as losses, and with no deductions for operating expenses.

The tax on gaming winnings, when originally enacted 
in 1945, imposed a flat rate of one per cent on all gross 
taxable revenue exceeding $3000 quarterly.^ In 1947, the 
rate was increased to two per cent and the $3000 exemption 
eliminated.^

After ten years of flat rate taxation, a graduated 
structure was adopted in 1955 with rates ranging. fromL 3•0 
per cent to 5.5 per cent. In 1967 this structure was 
changed to its present form. See Table 21.

6. Nevada, Statutes of Nevada, 1945, P. 495.
7. Nevada, Statutes of Nevada, 1947, P- 734.



TABLE 20
PERCENTAGE FEES TAX REVENUE 

1956-57 TO 1971-72

Year Amount Per Cent of 
1956-57

Per Cent of 
Previous Year

1956-57 $ 5,536,000 1O0.00
1957-58 6,334,000 114.41 114.41
1958-59 7,239,000 130.76 114.28
1959-60 8,747,000 158.00 120.83
1960-61 9,264,000 167.34 105.91
1961-62 10,473,000 189.17 113.05
1962-63 11,796,000 213.07 112.63
1963-64 13,446,000 242.88 113.98
1964-65 14,084,000 254.40 104.74
1965-66 15,909,000 287.37 112.95
1966-67 17,660,000 319.00 111.00
1967-68 19,169,000 346.26 108.54
1968-69 23,058,000 416.51 120.28
1969-70 27,538,000 497.43 119.42
1970-71 29,690,000 536.30 107.81
1971-72 33,422,000 603.72 112.56

Source: Nevada Gaming Commission, Quarterly Report, Quar
terly Issues, 1956-57 to 1971-72 [Carson City: 
Nevada State Printing Office).
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PERCENTAGE FEES TAX RATE STRUCTURE
TABLE 21

Quarterly Gross Taxable 
Revenue

$ 0 
150,000 
400,000 

1,000,000

- $ 150,000 
400,000 

- 1,000,000 
above

April 1, 
to

July 1, 1967
3.0%
4.0%
5.0%
5.5%

July 1, 1967
to

Present
3.0%
4.0%
5.5%
5.5%

Tax Rate 
1955

Sources:
Nevada. Statutes of Nevada, 1955. pp. 760-761. 
Nevada. Statutes of Nevada, 1967. pp. 886-887.
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Gross Taxable Revenue

.The dollar consumption of gaming services is the 
eighth and final independent variable to be analyzed.
Gross taxable revenue will be used as a measure of this 
variable. A brief discussion of the rationale for this 
procedure is presented below.

Gaming Odds
In 1971j the major sources of gross taxable revenue 

in the State's 19 largest casinos were craps, blackjack 
and slot machines. These games accounted for 85 per cent 
of the gross taxable revenue in these casinos that year. 
Other sources, in order of importance, were keno, baccarat 
and roulette. See Table 22.

The house percentage at these various games ranges
Ofrom zero per cent at blackjack0 to 25 per cent at keno.

See Table 23.
A player consumes a gaming service when he takes 

advantage of an opportunity to make a wager. The house 
percentage at a particular wager is the price paid by the 
player and received by the house for this gaming service.

8. The.house has no advantage when the player fol
lows a line of play (basic strategy) recommended by Edward 
0. Thorp in his book Beat the Dealer. In fact, Thorp's 
winning strategy, which requires card counting, gives the 
player an advantage. See Edward 0. Thorp, Beat the Dealer, 
Rev. ed. (New York: Random House, Inc., 1966).
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PER CENT OF GROSS TAXABLE REVENUE 
PRODUCED BY

VARIOUS GAMES IN MAJOR CASINOS 
1971a

TABLE 22

Game

Craps 
Blackjack 
Slot Machines 
Keno
Baccarat
Roulette
Other

Per Cent of 
Gross Taxable Revenue

36.6 %

26.6 %

21.4 %
4.6 %
4.6 %
3.2-35 
3.0 %

100.0 %

a. A major casino is one with at least 300 rooms and
$9,000,000 annual gross taxable revenue. There were 
19 such casinos in the State in 1971. They accounted 
for 63.3 per cent of gross taxable revenue that year.

Source: Nevada Gaming Control Board, Nevada Gaming Ab
stract (Carson City: Nevada State Printing 
Office, 1972), p. 69.
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HOUSE PERCENTAGE IN NEVADA CASINOS
AT

VARIOUS GAMES AND DEVICES 
WHEN

PLAYER MAKES INDICATED PLAY

TABLE 23

Game or Device
Blackjack8,
Baccarat*3
Craps0
Roulette^
Slot Machines6 
Keno**

House Percentage
0.00 %

1.06 %

1.40 %
5.26 %
17.00 %
25.00 %

a. Player uses Thorp's basic strategy.
b . Player bets bank to win.
c. Player bets don't pass line.
d. All bets except the 5 way bet (0-00-1-2-3).
e. Most Nevada slot machines are set to provide a house 

percentage of 17 to 20 per cent.
f. All bets.

Source: Edward 0. Thorp, Beat the Dealer, Rev. ed. (New
York: Random House, Inc., 1966), p. 34.



To Illustrate, consider the case of the keno play
er. Suppose he purchases a $.60 keno ticket. His expected 
loss from this game is $.15. This $.15 represents the 
price he has paid to partake of the gaming service involved 
in a keno wager.

The law of large numbers assures the house that in 
the long run the amounts paid for a particular gaming ser
vice will be equal to the house percentage times the 
amounts bet. The total paid for all gaming services is 
referred to as gaming winnings. But this is precisely 
what is defined as gross taxable revenue. Thus, gross - 
taxable revenue can be viewed as a measure of the dollar 
consumption of gaming services.

Determinants of Gross Taxable Revenue
There has been a spectacular rise in gross taxable 

revenue in recent years. Table 2H shows yearly increases 
in this source of tax revenue from 1956-57 to 1971-72.

Three independent variables will be used to explain 
variations in gross taxable revenue: (1) U. S. per capita 
income, (2) U. S. population and (3) the structure of the 
percentage fees tax. The first two variables are numeri
cal variables. The third is a categorical variable. See 
Table 25 for a listing of U. S. per capita income and U . S. 
population.
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GROSS TAXABLE REVENUE 
1956-57 TO 1971-72

TABLE 24

Year Amount Per Cent of 
1956-57

Per Cent of 
Previous Year

1956-57 $126,420,000 100.00
1957-58 143,812,000 113.75 113.75
1958-59 162,779,000 128.76 113.18
1959-60 194,071,000 153.51 119.22
1960-61 203,713,000 161.13 104.96
1961-62 227,138,000 179.66 111.49
1962-63 248,169,000 196.30 109.25
1963-64 276,348,000 218.59 111.35
1964-65 295,442,000 233.69 106.90
1965-66 328,786,000 260.07 111.28
1966-67 357,988,000 283.17 108.88
1967-68 387,734,000 306.70 108.30
1968-69 456,927,000 361.43 117.84
1969-70 543,735,000 430.10 118.99
1970-71 583,807,000 461.79 107.36
1971-72 657,739,000 520.28 112.66

Source: Nevada Gaming Commission, Quarterly Report, Quar
terly Issues, 1956-57 to 1971-72 (Carson City: 
Nevada State Printing Office).
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TABLE 25

U. S. PER CAPITA INCOME AND 
1956 TO 1971

POPULATION

Year Per Capita Income Population
(thousands)

1956 $1975 167,300
1957 2045 170,400
1958 2068 173,300
1959 2161 176,300
I960 2216 180,000
1961 2265 183,000
1962 2370 185,000
1963 2458 188,000
1964 2590 191,000
1965 2770 193,000
1966 2987 195,500
1967 3170 197,000
1968 3436 199,000
1969 3708 201,000
1970 3933 203,000
1971 4156 206,000

Source: U. S. Department of Commerce, Bureau of Economic 
Analysis, Survey of Current Business - August, 
1972, LII, No. 8 (Washington, D.C.: U. S. Gov
ernment Printing Office, 1972), pp. 24-25.
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A dummy variable will be used to take into account 

the effects of the 1967 change in the structure of the per
centage fees tax. This dummy variable will be assigned a 
value of 1 for years prior to 1966-67 and a value of e for 
years subsequent to 1966-67.

Fiscal year gross taxable revenue was matched with 
U . S. per capita income and U. S. population of the immedi
ately preceding calendar year. This allows a six months’ 
period for time lags between (1) U. S. per capita income 
changes and their effects on gross taxable revenue and 
(2) U . S. population changes and their effects on gross 
taxable revenue.^

Standard errors of the regression coefficients 
are listed in parenthesis below the regression coefficients. 
Also reported are the coefficient of multiple determination 
(R2), the Durbin-Watson statistic (D-W) and the results of 
the Chow test (d, est. V(d), F). 1

1. See Groves and Kahn, p. 91.
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Regression analysis on the logarithmic form of 

the tax revenue source model, using gross taxable revenue 
data, produced the following results

(5-1) log GTR = -39.86 + 0.92 log y2 + 4.29 log N2
(.25) (.68)

• - •0.003 log D 
(.058)

where
GTR is gross taxable revenue. 
y2 is U. S. per capita income.
N2 is U. S. population.
D is a dummy variable which represents the percentage 

fees tax structure.

(5-2) r 2 = .9944

(5-3) D-W = .98 (at the .01 level, d^ = .63 and dy =
1.44.)

(5-4)

Results of the Chow test are as follows 

d = 4.35 X 10“2

(5-5) est. V(d) = 2.94 X 10“3

(5-6) F = 6.46 X 10 1 (at the .01 level, critical
P{1, 11} = 9.65.)



124
Note the following:

1. Both of the first two regression coefficients are 
significantly greater than zero at the .01 level 
(e«t = 0.92 and es = 4.29). The third regression 
coefficient is not significantly less than zero at 
the .01 level (f = -0.003).

2. The coefficient of multiple determination (R2) indi
cates that 99.44 per cent of the variation in the 
dependent variable (log GTR) is explained by vari
ations in the independent variables (log yz, log N% 
and log D).

3• The Durbin-Watson test indicates that the null hypoth
esis of zero autocorrelation in the error terms is 
inconclusive at the .01 level.

4. The Chow test indicates that the null hypthesis of 
constant elasticities should not be rejected at the
.01 level.
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Summary of Regression Results

The economic implications of the results of the re
gression run on the logarithmic form of the tax revenue 
model are discussed in the next Chapter. However, two spe
cial characteristics of these results should be mentioned 
at this time.

First, note that the estimated elasticities of 
gross taxable revenue with respect to U. S. per capita in
come and U. S . population are both significantly greater 
than zero. The 0.92 per capita elasticity estimate indi
cates that changes in per capita income produce roughly 
proportional changes in gross taxable revenue. On the oth
er hand, the 4.29 population elasticity estimate implies 
that gross taxable revenue is highly responsive to changes 
in population.

Also, observe that the regression coefficient of 
log D is not significantly less than zero. Since D is a 
dummy variable which represents the percentage fees tax 
structure, this suggests that the increase in the percent
age fees tax structure on July 1, 1967 had no effect on the 
consumption of gaming services in Nevada.



CHAPTER VI

SUMMARY AND CONCLUSIONS

This last chapter will be devoted to a discussion 
of the limitations of the study, a summary of the empiri
cal findings of the research, and an analysis of the con
clusions to be drawn from this research.

Limitations of the Study

Constant Taste Assumption
The two models developed in this study contain 

assumptions which are inaccurate descriptive representa
tions of reality. For example,, both models assume that 
tastes remain constant. Obviously, this is not true. 
Consumer tastes are continuously changing. However, the 
falsity of this assumption does not invalidate the models, 
since a model abstracts those elements not crucial to the 
explanation of the phenomenon under study. The question 
of whether the constant taste assumption reduces the 
cogency of the models can only be decided by examining the 
extent to which the models * predictions deviate from reali
ty.

But if an untested model has implications which 
run counter to existing evidence, less confidence should
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be placed in it than otherwise. Nevertheless, final judg
ment should be reserved until the extent to which the 
model's predictions conform with actual events is known.

To take a specific case, consider the tax revenue 
source model. This model predicts that a one per cent 
increase in U. S. population will result in a h.29 per 
cent increase in the consumption of gaming services.
This 4.29 population elasticity estimate is considerably 
higher than that of most other consumption items. Hence, 
its acceptance should be tentative, and caution exercised 
in its application.

It is not unreasonable to attribute some portion 
of the recent rapid increase in gaming activity to a change 
in tastes. To the extent that changing tastes have-in
fluenced the consumption of gaming services, the model will 
be in error, since it makes no provision for this factor.

Constant Relative Price Assumption
In both models it was assumed that relative prices 

remain constant. Again, this assumption is descriptively 
inaccurate. Relative prices are, in fact, continuously 
changing. Whether these changes significatly effect the 
validity of the models can only be determined by comparing 
the predictions of the model with experience.
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Nevertheless, since relative price changes are a 
potential source of model error, some discussion of their 
effects should be undertaken.

To gain some insight into how violations of the 
constant relative price assumption might reduce the cogency 
of the two models, consider the effects of changes in some 
relative prices upon (1) the consumption of goods subject 
to the sales and use tax, and (2) the consumption of 
gaming services.

Consumption of Goods Subj ect to the Sales and Use 
Tax. In 1967 Nevada imposed the one per cent local school 
support tax. Because of grandfather contracts, the insti
tution of this tax could not be viewed as an increase in 
the sales and use tax. Yet the effect of the local school 
support tax was to raise the relative price of sales-taxed 
items. This rise in relative prices tended to reduce the 
consumption of these items.

Furthermore, in 1969, Nevada enacted legislation 
enabling counties to impose a .5 per cent general sales tax. 
Clark and Washoe, the two most populous counties in the 
State, immediately took advantage of this legislation, and 
collections began on July 1, 1969. Lyon, Douglas, Elko,
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129
1971j and Nye county in 1972. Again, this county/city 
relief tax raised the relative price of items subject to 
the sales and use tax, and tended to reduce the consumption 
of these items.

These two instances of relative price changes tend 
to distort the application of the tax revenue model to 
sales and use tax revenue. It would be most desirable to 
construct a model which incorporates all three of these 
general sales taxes: (1) sales and use tax, (2) local 
school support tax, and (3) county/city relief tax. How
ever, grandfather contracts and the lack of a sufficient 
number of observations are major obstacles to such a con
struction.

Consumption of Gaming Services♦ Consider, now 
changes in the relative price of gaming services. Several 
significant such changes have occurred in the past few 
years.

Take the energy crisis, for example. This has 
produced an increase in the relative price of transportation 
services. Since transportation services and gaming services 
are complementary goods, this increase in the price of the 
former has tended to reduce the demand for the latter. It 
is difficult to gauge the effects of the energy problem at



this point. But there can be little doubt that a prolonged 
shortage of energy would substantially reduce Nevada gaming 
and adversely effect the State’s economy.

At the present time very little is known about the 
impact of the increase in the relative price of transpor
tation services upon the consumption of gaming services in 
Nevada. Exploration in this area is needed as soon as ad
ditional evidence becomes available.

Consider, next, changes in relative prices of 
activities which serve as substitutes for Nevada’s casino 
style gaming. Examples of such activities abound. Spec
ulation in real estate, stocks, commodities, and foreign 
exchange, private bets with friends on sporting events, 
poker, and pari-mutuel betting on horse and dog racing: 
immediately come to mind. Furthermore, there can be little 
doubt that illegal gaming in various forms is widespread 
in several parts of the country.

In addition, there has been a recent increase in 
the number of state-sponsored lotteries. This revenue
raising device was first inaugurated in New Hampshire in 
1964. Eight states now offer lotteries, and they are 
being actively considered in at least nine others.

The introduction of a lottery in a state results 
in a decline in the relative price of lottery services.
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Prior to its introduction, the price was infinite, or, if 
illegal lottery services were available, very high, since 
there are substantial costs associated with illegal gaming. 
Because lottery services and casino gaming services are 
substitutes, a decline in the price of the former tends to 
reduce the demand for the latter.

The rising trend in the number of state-sponsored 
lotteries should be taken into consideration in the assign
ment of the amount of confidence to be placed in the model. 
Clearly, this trend is a violation of the constant relative 
price assumption and. a possible source of reduction in the 
model's effectiveness.

Constant Elasticity Assumption
In the development of both models it was assumed 

that the elasticities to be estimated remain constant. The 
Chow test was used to test this assumption. In each of the 
eight tests, the null hypothesis that the elasticities re
mained constant could not be rejected.

However, careful examination of the tests' results 
reveals that they turned out to be "too good". This sug
gests the possiblity that the Chow test is inappropriate 
for testing the assumption of constant elasticities.
Again, this is a matter deserving further investigation.
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Autocorrelation

Unfortunately, autocorrelation appears to be 
present in two applications of the tax revenue model.
The null hypothesis-of zero autocorrelation in the error 
terms must be rejected in the analysis of general sales 
tax revenue and cigarette sales tax revenue. Furthermore, 
the Durbin-Watson test was inconclusive i_n the regression 
of gasoline sales tax revenue and distilled spirits sales 
tax revenue.

The standard linear regression model assumes that 
the error terms are independent random variables. Auto
correlation, of course, is a violation of this assumption. 
Although the presence of autocorrelation in regression 
analysis does not result in biased parameter estimates, 
these estimates have standard errors that are larger than 
indicated by the least-squares estimating procedure. This 
means that parameters which seem significant to the statis
tician may not actually be so.

No attempt will be made to speculate on the reason 
for this dependence in the error terms. However, attention 
should be directed to the fact that this dependence in a 
regression analysis indicates that there are forces at 
work which have not been accounted for in the analysis.
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Sales Tax Revenue Elasticities 

The economic Implications of the statistical appli
cations of the tax revenue modes will be discussed in this 
section. The estimated elasticities of the seven Nevada 
state sales tax revenues obtained from the regression runs 
are presented in summary form in Table 26.

Per Capita Income Elasticities
The per capita income elasticity estimates display 

considerable variation, ranging from .10 to 1.99. All are 
significantly greater than zero at the .01 level except 
two, fortified wines sales (.10) and cigarette sales (.14).

The latter two estimates imply that the consumption 
of fortified wines and cigarettes are unresponsive to 
changes in per capita income. These results are not incon
sistent with empirical studies in this area.

Relatively inelastic are the estimates for gasoline 
sales (.64) and beer sales (.74). These figures indicate 
that changes in per capita income result in less than pro
portionate increases in the consumption of these items.

Of approximately unitary elasticity are the esti
mates for general sales (.96) and distilled spirits sales 
(1.05). Changes in per capita income appear to produce 
roughly proportionate changes in the consumption of items 
subject to the general sales tax and to the consumption of 
distilled spirits.
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TABLE 26

ELASTICITIES OF SPECIFIED NEVADA STATE SALES TAX REVENUES
WITH RESPECT TO

PER CAPITA INCOME, POPULATION AND ASSOCIATED TAX RATE: 
PRESENT STUDY ESTIMATES 

1956-57 TO 1971-72&

Nevada State Per Capita Population Tax Rate
Tax Revenue Income

Elasticity
Elasticity Elasticity

General Sales .96 1.02
(.15) (.12)

Gasoline Sales .64 .83
(.04) (.03)

Cigarette Sales .14 .86 1.06
(.20) (.21) (.09)

Distilled Spirits Sales 1.05 1.06 .70
(.12) (.11) (.08)

Beer Sales .74 .65 1.06
(.12) (.14) (.06)

Light Wines Sales 1.99 1.11 .73(.24) (.28) (.13)
Fortified Wines Sales .10 .32 .88

(.16) (.18) (.08)

a. Standard errors in parenthesis.
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Light wines sales was estimated to have a coeffi

cient of 1.99• This suggests that an increase in per capi
ta income will bring forth a two fold increase in the con
sumption of these beverages. This highly responsive reac
tion of light wines sales to changes in per capita income 
is in sharp contrast to that of fortified wines sales.

Population Elasticities
The population elasticity estimates range from .32 

to 1.11 and vary noticeably less than the per capita income 
elasticity estimates. All are significantly greater than 
zero at the .01 level except fortified wines (.32). The 
hypothesis that population changes produce no change in the 
consumption of fortified wines cannot be rejected.

The elasticity of beer sales tax revenue with re
spect to Nevada population was estimated to have a coeffi
cient of .65. This implies that the consumption of beer is 
relatively unresponsive to population changes.

The remaining population elasticity estimates were 
all close to one: gasoline sales (.83), cigarette sales 
(.86), general sales (1.02), distilled spirits sales (1.06) 
and light wines sales (1.11). These estimates imply that 
a one per cent change in Nevada population will be accompa
nied by a one per cent change in the consumption of these 
items.
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Tax Rate Elasticities

There were no changes in the tax rates on general 
sales subject to the sales and use tax and gasoline sales 
during the period under consideration. Consequently it 
was not possible to estimate the tax rate elasticities of 
these two items.

Five tax rate elasticities were estimated. Two 
of these were greater than one. Both cigarette sales tax 
revenue and beer sales tax revenue had tax rate elasticity 
estimates of 1.06. However, neither of these is signifi
cantly greater than one at the .01 level.

A sales tax rate elasticity greater than one signi
fies that an increase in the tax rate will bring about a 
more than proportionate increase in tax revenue. Because 
increased sales tax rates tend to be passed on to consumers, 
this implies that greater quantities of the taxed item will 
be purchased at the higher price. This,.of course, is at 
variance with the law of demand. Hence, economic theory 
asserts that sales tax rate elasticities should not be 
greater than one. Since none of the tax rate elasticity 
estimates are significantly greater than one, there is no 
conflict between this principle and the findings of this 
study.
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The five tax rate elasticity estimates range from 

.70 for distilled spirits sales to 1.06 for cigarette sales 
and beer sales. In each case, tax rate changes appear to 
result in roughly proportionate changes in tax revenue.

Gross Taxable Revenue Elasticities 
The economic implications of the statistical ap

plication of the tax revenue source model will be discussed 
in this section. Recall that this application resulted in 
the following regression equation

(5-1) log GTR = -39-86 + 0.92 log y2
(.25)

+ 4.29 log N2 - 0.003 log D(.68) (.058)

where
GTR is gross taxable revenue 
y% is U. S. per capita income 
N2 is U. S. population
D is a dummy variable which represents the percentage 

fees tax structure

Per Capita Income Elasticity
The elasticity of gross taxable revenue with re

spect to U. S. per capita income had an estimated coeffi
cient of .92. This implies that a one per cent change in



138
U. S. per capita income will result in a .92 per cent 
change in gross taxable revenue. Thus Nevada can expect 
that changes in U. S. per capita income will lead to 
roughly proportionate changes in gross taxable revenue.

Population Elasticity
The most impressive elasticity estimate of this 

study is that of gross taxable revenue with respect to 
U. S. population. This coefficient was estimated to have 
a value of 4.29. A coefficient of this magnitude means 
that a one per cent increase in U. S. population will re
sult in a 4.29 per cent increase in gross taxable revenue.

From a fiscal point of view, this highly elastic 
population elasticity estimate seems to place Nevada in a 
most fortunate position, since gross taxable revenue is 
the source of considerable tax revenue to the state. How
ever, this judgment should be tempered somewhat since the 
estimate may include the effects of an increase in consumer 
tastes for gaming services. If this is the case, a regres
sion analysis which was somehow able to include consumer 
tastes as an independent variable would produce a lower 
population elasticity estimate.

Still, it is not unreasonable to expect gross tax
able revenue to be quite responsive to changes in U. S.
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population. As additional evidence becomes available, it 
will be possible to be more precise about the manner in 
which the consumption of gaming services is influenced 
by population changes.

Effects of Change in Percentage Fees Tax Structure
A dummy variable was used to measure the effects 

of the change in the percentage fees tax structure on 
gross taxable revenue. The coefficient of this dummy 
variable was estimated to have a value of -.003 and a 
standard error of .058. The fact that this coefficient 
is not significantly less than zero can be interpreted to 
mean that the change in the percentage fees tax structure 
had no effect on gross taxable revenue.

However, considerable caution should be exercised 
in making this interpretation since the change in the per
centage fees tax structure produced only a small increase 
in the average rate paid. In 1966-67, the year just prior 
to the change, the average effective percentage fees tax 
rate was 4.92 per cent. In 1967-68, the year immediately 
following the change, this average rate increased to 4.95 
per cent.

The reason why this increase was so small is easy 
to see. When the change in the percentage fees tax rate 
occurred, most of the percentage fees tax revenue was
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generated by gross taxable revenue in the $1,000,000 - 
above bracket. Since the change only affected the 
$400,000 - $1,000,000 bracket, the effects of the change 
on percentage fees tax revenue were insignificant.

Conclusions
Statistical Considerations

On initial inspection, both the tax revenue model 
and the tax revenue source model seem to hold up quite 
well. The high R2's indicate that the hypothesis that 
the models describe the real world cannot be rejected.

Multicollinearity does not appear to be a serious 
problem in either model. The standard errors of. the 
regression coefficients are all quite low. Also, none of 
the simple correlation coefficients between the independent 
variables in the models are excessively high. See Appen
dix C for a listing of the simple correlation coefficients.

As previously discussed, autocorrelation presents 
a serious problem in two applications of the tax revenue 
model. As a result, the standard errors of the regression 
coefficients in these two applications are probably larger 
than indicated. Other than this, it is difficult to say 
to what extent autocorrelation has reduced the reliability 
of the regression results.
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Nevada's Tax Structure

Elasticity estimates are particularly useful in 
analyzing the adequacy of a state's tax structure and in 
making policy recommendations when used in conjunction 
with trends in a state's per capita income and population 
growth. To take advantage of the type of growth it is 
experiencing, a state's tax structure should be responsive 
to that type of growth and exhibit relatively high elas
ticity coefficients for the appropriate variables. For 
example, it is more important for a state whose population 
is growing rapidly and whose per capita income is growing 
relatively slowly to exhibit a high population elasticity 
than a high per capita income elasticity.^

Nevada has experienced a rapid increase in both per 
capita income and population in recent years. Analysis of 
the manner in which the state's two leading tax revenues 
respond to changes in these variables indicates that the 
state's tax structure is well suited for these conditions.

Increases in per capita income result in roughly 
proportionate increases in sales and use tax revenue, the 1

1. See Legler and Shapiro, The Responsiveness of 
State Tax Revenue to Economic Growth, pp. 52-53.
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state's number one tax revenue. Increases In population 
also produce approximately proportionate increases in this 
tax revenue. Thus, if Nevada's per capita income continues 
to grow as it has in the past, the State can expect sales 
and use tax revenue to grow faster than Nevada population.

Similar comments apply to gross taxable revenue, 
the State's number two source of tax revenue. U. S. per 
capita income increases result in roughly proportionate 
increases in gross taxable revenue, while increases in 
U. S. population produce approximately fourfold increases 
in this tax base. Thus, a continuation of Nevada and 
U. S. per capita income and population patterns should 
produce a rate of increase in gross taxable revenue which 
substantially exceeds the rate of increase in Nevada 
population.

Of course, one should also consider the possibility 
of a decline in the rate of growth of U. S. per capita 
income and/or U. S. population. Nevada is very vulnerable 
to both of these very real possibilities. Should either 
occur, the State, so highly dependent on gaming, would 
experience difficulties in both the public and private 
sectors of the economy.

Assuming no drastic changes in Nevada and U. S. 
per capita income and population growth, Nevada can expect



its present tax structure to provide an automatic growth in 
tax revenue which significantly exceeds its population 
growth. This rising per capita tax revenue will permit an 
expanding level of public services without tax rate in
creases.
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APPENDIX A

THE DURBIN-WATSON STATISTIC

The standard regression analysis model assumes 
that the error terms are independently distributed. Often
times, however, in the analysis of time series, the error 
terms are aut©correlated. By this it is meant the error 
at any time t(u^) is correlated with one or more of its 
previous values (ut_ls Ut-2S etc.).

A simple example of autocorrelation occurs when 
u^ is made up of two components, its previous value (u^_^) 
plus a slight further disturbance (v^).

(A-l) ut = ut_1 + vt

Assume v̂. is normally distributed with a mean of zero and 
a variance of a2. Since the error term (u^) is positively 
related to the immediately preceding error term (u^ ,
this is known as positive first order autocorrelation.

The model for the error term (A-l) may be modified 
to conform more realistically to economic situations.

(A-2) ut = p ut-1 + vt

where p < 1
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The error (û .) is again the sum of two components, its 
previous value attenuated by the factor p plus the further 
disturbance (v^).

Equation (A-2) would be ideal for the estimation 
of p if the true error terms were known. Since they are 
not, it is necessary to use the observed residuals (e^’s) 
of the regression as estimates of the true errors.

Unfortunately, the use of the residuals to esti
mate p results in a biased estimate. To overcome this 
bias, Durbin and Watson have devised a test which is 
equivalent to testing the null hypothesis that p = 0 
against the alternative p > 0. If the null hypothesis is 
true, then the statistic

n

(A-3) D—W =
E (e, 

t=2 z et-l)2

n
2 e 

t=1
2t

will have an approximate value of 2. Positive first order 
autocorrelation tends to reduce the value of D-W toward 
zero.

The actual distribution of D-W depends upon the 
configuration of the independent variables. Thus, for a 
given significance level there are two critical values of 
D-W (d^ and dy) corresponding to the two most extreme



configurations of the independent variables. For any other 
configuration, the critical value of D-W will be somewhere 
between d^ and dy. This is the reason for using the pro
cedure outlined on page 64 in testing the null hypothesis 
that p = 0.
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APPENDIX B

THE CHOW TEST

When a linear regression is used to represent an 
economic relationship, the question often arises as to 
whether the relationship remains stable in two periods of 
time. For example, having estimated a linear regression 
with n-1 observations, one may wish to test whether an 
additional observation belongs to the same regression. 
Statistically this question can be answered by testing 
whether the set of the first n-1 observations and the set 
of the nth observation can be regarded as belonging to the 
same regression model.

To illustrate, suppose the first n-1 observations 
are governed by the model

(B-l) Yi = X 1B1 + ui

an (n-1) X 1 column vector of dependent variables 
an (n-1) X p matrix of independent variables 
a p X 1 column vector of regression coefficients 
an (n-1) X 1 column vector error terms
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where

Y i is 
Xi is 
Bi is 
ui is
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Assume the error terms are independent and normally 

distributed, each with a mean of zero and a variance of a2. 
Let the nth observation be governed by the model

(B—2) Y 2 = X2 8 2 t u%

where

Y2 is the dependent variable, a scalar 
X2 is a 1 X p row vector of independent variables 
82 is a p X 1 column vector of regression coefficients 
U2 is the error term, a scalar

Assume that U2 is normally distributed with a mean 
of zero and a variance of a2.

Let b 1 be the least-squares estimate of 81

(B-3) bi = (Xi Xi)"1 XJ Y1

Also, let d be the difference between Y2 and the 
value of Y2 predicted from b1

(B—4) d = Y 2 — X2bi

The expected value and variance of d are

(B-5) E(d) = X282 - X28i

(B-6) Var(d) ' U  + X2(xr Xi)-1 X2} .a2
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The residuals from the first n-1 observations can 

be used to estimate o2. If s2 is an unbiased estimate of 
a2, then, under the null hypothesis that 3i = the ex
pected value of d is zero

(B-7) E(d) = 0

Furthermore, the ratio

d2
{1 + X2(Xi Xi)™1 Xa) s2

will be distributed F(l, n-l-p). Standard statistical 
methods can then be used to test the null hypothesis.



APPENDIX C

SIMPLE CORRELATION COEFFICIENTS

This appendix contains the simple correlation co
efficients between the variables in each of the eight • 
regression runs. Tables 27-33 list the coefficients for 
the seven statistical applications of the tax revenue 
model. The coefficients for the statistical application 
of the tax revenue source model (gross taxable revenue 
model) are found in Table 34.
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TABLE 2?
SIMPLE CORRELATION COEFFICIENTS 
GENERAL SALES TAX REVENUE MODEL

General Nevada Nevada
Sales Tax Per Capita Population
Revenue Income

General Sales 
Tax Revenue

1.000 .964 .978

Nevada Per 
Capita Income

1.000 .906

Nevada
Population

1.000
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TABLE 28
SIMPLE CORRELATION COEFFICIENTS

GASOLINE SALES TAX REVENUE MODEL

Gasoline 
Sales Tax 
Revenue

Nevada 
Per Capita 

Income
Nevada

Population

Gasoline Sales 
Tax Revenue

1.000 .962 .986

Nevada Per 
Capita Income

1.000 VO0ON

Nevada
Population

1.000
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TABLE 29
SIMPLE CORRELATION COEFFICIENTS

CIGARETTE SALES TAX REVENUE MODEL

Cigarette 
Sales Tax 
Revenue

Nevada 
Per Capita 

Income
Nevada

Population

Cigarette Sales 
Tax Revenue

1.000 .895 .960

Nevada Per 
Capita Income

1.000 .906

Nevada
Population

1.000

Cigarette Sales
Tax Rate

Cigarette 
Sales Tax 

Rate

.989

.861

.921

1.000
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TABLE 30
SIMPLE CORRELATION COEFFICIENTS

DISTILLED SPIRITS SALES TAX REVENUE MODEL

Distilled 
Spirits 

Sales Tax 
Revenue

Nevada 
Per Capita 

Income
Nevada

Population
Distilled 
Spirits 

Sales Tax 
Rate

Distilled Spirits Sales 
Tax Revenue 1 . 0 0 0 .957 .977 .965

Nevada Per 
Capita Income 1 . 0 0 0 .906 LTV

GOCO

Nevada
Population 1 . 0 0 0 .920

Distilled Spirits Sales
Tax Rate 1.000



TABLE 31
SIMPLE CORRELATION COEFFICIENTS
BEER SALES TAX REVENUE MODEL

Beer
Sales Tax 
Revenue

Nevada 
Per Capita 

Income
Nevada

Population
Beer

Sales Tax 
Rate

Beer Sales 
Tax Revenue

1 . 0 0 0

infr-CC) .967 .959

Nevada Per 
Capita Income 1 . 0 0 0 .906 .715

Nevada
Population

1 . 0 0 0 .876

Beer Sales 
Tax Rate

1 . 0 0 0
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- TABLE 32
SIMPLE CORRELATION COEFFICIENTS

LIGHT WINES SALES TAX REVENUE MODEL

Light Wines Nevada Nevada Light Wines
Sales Tax Per Capita Population Sales Tax
Revenue Income Rate

Light Wines Sales 
Tax Revenue

1.000 .947 .980 .886

Nevada Per 
Capita Income

1.000 .906 .715

Nevada 1.000 .876
Population

Light Wines Sales
Tax Rate

1.000



TABLE 33
SIMPLE CORRELATION COEFFICIENTS

FORTIFIED WINES SALES TAX REVENUE MODEL

Fortified 
Wines 

Sales Tax 
Revenue

Nevada 
Per Capita 

Income
Nevada

Population

Fortified Wines Sales 
Tax Revenue

1.000 .789 .927

Nevada Per 
Capita Income

1.000 .906

Nevada
Population

1.000

Fortified Wines Sales
Tax Rate

Fortified 
Wines 

Sales Tax 
Rate

.985

.715

.876

1.000
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TABLE 34
SIMPLE CORRELATION COEFFICIENTS
GROSS TAXABLE REVENUE MODEL

Gross Taxable 
Revenue

U. S. Per 
Capita Income

Gross Taxable Revenue 1.000 982

U. S. Per Capita Income 1.000

U. S.
Population

.988

.953

U. S. Population 1.000
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