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Abstract-Following Bergstrom and Goodman, private demand functions for publicly 
provided rural roads in Texas are estimated at the cmmty level. Results show the effect of 
income and tax rate (price) to have the expected effect and the demand for rural roads to 

have changed over time. In particular, demand has become more inelastic, and the 
influence of income on demand has moderated. 

I. INTRODUCTION 

Many rural economies have undergone a major restructuring resulting from 
an accelerated exodus from farming, increased unemployment, and the sub
sequent declines in tax base and population. The economic downturn has been 
further compounded in oil-producing states where there has been a decline in the 
value of oil production. There is concern about the ability of rural governments to 
provide roads and bridges as well as other essential public services and infrastruc
ture (U.S. Department of Agriculture 1991; Johnson, Deaton, and Segarra 1988; 

Chicoine and Walzer 1986). 
In recognition of the transportation problems in rural America, former U.S. 

Secretary of Transportation Skinner recently designated "Rural America 
Transportation Systems and Services" as one of the critical problem areas in U.S. 
transportation. And, as such, he recently authorized the development of a national 
transportation policy to establish guidelines for meeting the nation's transporta
tion needs over the next decade and into the twenty-first century (Federal Register 
1989). In view of this impetus, it seems important to learn more about the 
economic forces that have shaped the demand for rural transportation infrastruc
ture so that rational policies might be developed and forwarded. 

Earlier studies have investigated means of reducing the supply of rural road 
infrastructure (e.g., road abandonment). This study in contrast examines factors 
that affect the demand for publicly provided rural roads. The objective of this 
study is to examine appropriate methodology to determine the demand for rural 
road infrastructure and subsequently to estimate the demand for rural roads in 

• Assistant Professor, Department of Agricultural Economics, North Dakota State University and 
formerly Research Associate, Texas Transportation Institute, Texas A&M University; Assistant Re
search Scientist, Texas Transportation Institute, Texas A&M University; and Professor, Depart
ment of Agricultural Economics, Texas A&M University, respectively. 



196 The Review of Regional Studies 

Texas. The results will provide policymakers with valuable information on 
economic forces (income, price) influencing the demand for rural roads, thus ena
bling them to develop better policies to address the problem of supplying private
ly demanded but publicly supplied rural roads. 

II. PREVIOUS RESEARCH 

Rural transportation arteries are an important link between farmers, markets, 
and rural employment centers. Agriculture depends on the timely marlceting of 
commodities and products and on purchased inputs, both of which move over the 
rural road system. In spite of the importance of the rural road system, it has 
deteriorated, and there is general concern (Chicoine, Walzer, and Deller 1989; 
U.S. Department of Transportation 1985). Recent studies have analyzed disinvest
ment in rural low-volume roads and bridges (Nyamaah and Hitzhusen 1985; 
Hartwig 1979; Baumel, Schomhorst, and Smith 1989). Studies show cost of im
proving and upgrading major parts of the system exceed resources available to 
rural local governments (Baumel and Schomhorst 1983; Chicoine 1987). Expen
ditures for public highways support the third largest function of state and local 
governments; expenditures for education and welfare are first and second, respec
tively (Anderson, Murray, and Farley 1984). 

The deteriorated physical and financial condition of the public rural road sys
tem has been exacerbated by the increasing number of rail line abandonments by 
private railroads (Casavant and Lenzi 1989). Furthermore, structural shifts in rural 

America have dramatically changed the types of traffic on the rural road system. 

Increased farm size has resulted in a dramatic reduction in farm numbers and 
population. This has been accompanied by an increase in the size and weight of 

vehicles and equipment on the rural road system. These heavy and often over
weight vehicles breakup road surfaces, while the frequent lack of paved surfaces 
creates dust, ride ability, and safety problems. 

Narrow lanes and other design characteristics on many of these roads are in
adequate for modem trucks thus creating safety hazards. Similarly, deficient rural 
bridges pose serious safety and traffic constraints. Some states that have not been 
able to generate sufficient revenues have downgraded the size of their rural sys
tem through road abandonment and private provision (Hamlett and Baumel 1990; 
Baumel, Schomhorst, and Smith 1989; Hartwig 1979). 

In Texas, there are approximately 134,000 miles of rural roadway and 17,000 
rural bridges, the largest rural road networlc in the United States (Texas Almanac 
1988); U.S. Department of Transportation 1985). Maintaining these roads, many 
of which are low-volume, is a major expense of local highway budgets (U.S. 
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Department of Commerce 1982). State government in Texas supplies about 17 
percent of the funds for rural roads through motor fuel taxes (U.S. Department of 
Transportation 1985). 

III. METHODOLOGY 

Traditional demand theory is oriented to the behavior of the individual con
sumer. The marlcet demand relation is simply a gross aggregation of the demands 
of all individual consumers. In this framework., the individual's utility function is 
assumed to be strictly increasing in all arguments, smooth, quasi-concave, and 
twice-continuously differentiable. This utility function is maximized subject to a 
linear budget constraint. The ratio of the partial derivatives from the first-order 
conditions are the marginal rates of substitution between the goods in an 
individual's utility function. Tile solution to this problem yields the Marshallian 
demand function that relates quantities demanded to given levels of prices and in
come. 

Goods and services that are publicly supplied generally share two charac
teristics that distinguish them from private goods. First, consumption by any one 
person need not diminish the quantity consumed by anyone else, and second, it is 
impossible to confine the benefits of the good to selected persons (Buchanan 
1968; Browning and Browning 1983). Because of these characteristics, aggregate 
consumption patterns are consistent with utility maximization only when restric
tions are placed on the shapes of individual preferences. However, the results 
from public sector studies based on the utility maximization paradigm have 
verified that most of the classical conditions hold. 

Rather than viewing expenditures as responses to collectively exercised 
demands, Deacon (1978) incorporates the possibility of substitution among public 
services in response to changes in relative costs by directly modeling and estimat
ing the substitution effects in collective consumption. Deacon carries out the 
analysis using the classical consumer choice model, which assumes a separable 
utility function is maximized subject to a linear budget constraint. Deacon found 
the negativity and homogeneity properties of utility maximization held, thus sug
gesting classical demand theory is appropriate for analyzing public sector expen
ditures. That is, public budgets are allocated among public goods and services in 
the same theoretical manner that individuals allocate income to private sector 
goods. 

Since a public good simultaneously benefits all members of the community, 
each of these individual's marginal valuations must be accounted for when the 
resource allocation decision is made. Samuelson (1954, 1955) has shown the 
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Pareto optimal condition for a public good requires the following first order con
dition be satisfied, 

n 

L MRS~ = MRT xy• 
j = 1 

where, n is the number of community members, y is a private sector good, and x is 
the public good. This condition, referred to as the Samuelsonian condition, is ob

tained by maximizing the utility of any individual while the utility levels of the in
dividuals comprising the community are held constant (Comes and Sandler 1986; 

Starrett 1988; Boadway and Wildasin 1984). 
As the relative costs of publicly provided goods and services change, 

demand theory suggests that there will be a substitution effect. To test this notion, 
Ehrenberg (1973) estimated wage elasticities of demand for different categories 

of state and local government employees and found that an increase in the relative 
price of a public service led to a substitution against that service. Conceptually, al

ternative modes of transportation service may substitute for each other; however, 

for practical purposes there is no close substitute for the public rural road system. 

Currently, the only alternative to the rural road system is the railroad. And, as 

Casavant and Lenzi (1989) have documented, users of these systems are forced to 

substitute the rural road system for abandoned rural rail lines. 
Variations in per capita expenditures on public services, such as highways, 

health, and education, are often explained by population densities, urban-rural dis
tinctions, average income levels, and age distributions. Ohls and Wales (1972) 

noted that theory is not clear on whether these demographic variables enter on the 
demand or supply side of the market. 

Borcherding and Deacon (1972) used the theory of collective decisionmak
ing to posit a model of public spending and to test the significance of the variables 

assumed by collective decision theory to be important determinants of state and 

local government expenditures. The effects of income, price, city size, and other 

social variables on the demand for municipal services were estimated by 
Bergstrom and Goodman (1973). 

In principle, it is possible to observe directly the choices that individuals of 
particular demographic groups make, under alternative price and income situa
tions, for privately produced commodities. For obvious reasons, this is generally 
not the case with publicly supplied commodities. Bergstrom and Goodman made 
inferences about the effect of price, income, and other relevant variables on in
dividual demands for municipal services by making strong assumptions about the 

political process of municipalities. 
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Rubinfeld (1987) pointed out that aggregation of preferences. measurement 
of output. and determination of price are conceptual problems in estimating public 
demands. Assumptions 1 of the Bergstrom and Goodman model overcome the 

major conceptual problem of preference aggregation outlined by Rubinfeld. 

IV. SPECIFIED MODEL AND ESTIMATION TECHNIQUE 

In this paper, a variation of the Bergstrom and Goodman (1973) model is es
timated using the sample of 254 counties in the state of Texas for 1972 and 1986. 
The usefulness of the publicly provided goods (rural roads in our case) to an in

dividual is a function of the total number of users and the quantity of such goods. 
Mathematically this can be stated as: 

Q*= n-uQ 

where, 

Q* is the usefulness of rural roads to a user, 
n is the total number of road users, 
Q is the total quantity of rural roads, 
u is a crowding parameter (i.e .• if Q is a pure public good, 

then u = o. and if u = 1, then every user shares the same 
amount of the facility) . 

(1 ) 

All individuals are assumed to maximize their utility functions, consisting of both 
private and public goods, subject to their budget constraints. Mathematically. this 
maximization problem is formulated as: 

Max vi (xi , Q *) , 
x,,Q* 

Subject to, 

or equivalently by substituting in (1), the budget constraint becomes 

(2) 

(3) 

(4) 

where q is a unit cost of the rural roads (assuming that the unit cost of private 
goods is unity), 'ti is a tax share, Xi is private goods. and Yi is the budget of in
dividual i. If we assume further that income and price elasticities, T\y and T\p. for 

• • Q are constant, then the derived demand for Q can be written as a Cobb-Douglas 

function: 
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(5) 

Therefore, the demand function (after taking a natural logarithm) for rural roads is 

a + a Inn + Tlp In t + Tlyln Y, where a= u ( 1 +Tlp). 

Under the assumption that 'ti and Qi are constant, the county's expenditure on rural 
roads and streets can be considered as the quantity of rural roads demanded. 
Finally, the estimated demand for rural roads is described below as: 

G 

lnREXP=a+ alnn+llplnt+llylnY+ L ajzj, 
j=l 

where, 

(6) 

Zj 's are variables representing specific characteristics for Texas counties, 
a, Oj are parameters to be estimated, and 
REXP is the total annual expenditure on roads and streets by a county. 

Let X be a matrix of all the independent variables with its corresponding vector of 
parameters ~. and rexp a column vector ofln(REXP), then in matrix form: 

rexp =X~ + u, where u - ( 0, a 2 ). 

Demands are estimated by ordinary least squares (OLS) for the 1972 and 
1986 samples as well as . the pooled sample. 

Empirical Model 

The empirical model (6) can be rewritten with the selected auxiliary vari
ables for the rural road system in Texas, including the county characteristics as: 

5 

lnREXP=a+ alnn+llplnt+llylnY+ L ajzj, 
j= 1 

(6a) 

where n is a measure of the number of road users. In the empirical model, the 
average annual daily traffic (AADT) on the rural farm to market (FM) system in 
the county is a proxy for n, while Y is nonfarm per capita income in the county? 
and tis per capita tax value upon which the tax rate is levied in each county. The 
five auxiliary variables are total county road mileage, county area, population 
density, and dummy variables for agricultural and metropolitan counties. In-
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elusion of the dummy variables control for unmeasured county-specific condi
tions. It is conjectured that the demand for publicly provided roads would be 
greater for metropolitan counties than agricultural counties. It is thought that 
economic and social activities in the metropolitan counties would require more 
frequent use of the roads than in the nonmetropolitan counties. 

Similar to any consumer demand analysis, we expect price (represented by 't) 
to have a negative effect on quantity demanded and the demand for roadways to 
increase as income and county population increase. Likewise, we would expect 
population density, county area, and road mileage to have a positive impact on 
road demand. 

Data 

The data set consists of annual observations for the 254 counties of Texas for 
the years 1972 and 1986. The 1972 sample was selected because it was the last 
year before the oil crisis. The 1986 sample was selected because it was the most 
current year for which complete data were available on all of the variables at the 
county level. Following Bergstrom and Goodman (1973), the county expenditures 
on road maintenance and construction (REXP) were used to represent the demand 
for rural roads. These highway maintenance and construction expenditures are 
reported by the Texas Department of Transportation (TxDOT) in their biennial 
reports. As expected, capital spending on new construction and maintenance ex
penditures had increased substantially by 1986. 

Data on personal income and population were from a U.S. Department of 
Commerce source (Regional Economic Information System), and the per capita 
tax ('t) was calculated using county data from the Texas State Property Tax Board. 
Personal income had increased by 1986 as had population for the state as a whole. 
However, population had declined in several of the more rural 254 counties. With 
few exceptions, taxes as measured for this study had increased as well. 

Data on miles of rural roads and the average annual daily traffic are available 
from the TxDOT, and data on county size were taken from the Texas Almanac. 

Obviously, county size had not changed from 1972 to 1986, but the miles of roads 
had increased. The AADT increased in most counties, but it had decreased in 
those counties that experienced a drop in population and in those counties where 
the population was more concentrated relative to 1972. 

The different classifications of counties (e.g., metropolitan, nonmetropolitan, 
agricultural, manufacturing, mining, etc.) used in this study are those used by the 
U.S. Department of Agriculture, Economic Research Service (Ross and Green 
1985). Also, to exclude the effects of inflation, nominal dollar values were 
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deflated using the GNP implicit price deflators (1982=100) in the Economic 

Report of The President. 

Misspecification Tests 

Because cross-sectional data were used, a series of misspecification tests 
were conducted to test and correct for heteroscedasticitl and structural changes 4 

over time. Specifically, White's general test for heteroscedasticity and a Wald test 
were performed to test and correct for the stabilization of the estimated coeffi
cients over time. 

V. RESULTS 

White's (1980) general test for heteroscedasticity shows the empirical model 
suffers from unequal error variances (fable 1). In the absence of a priori informa
tion on the known structure of the heteroscedasticity, a Feasible Generalized Least 
Squares is precluded. A Chow test for structural change is invalid when heteros
cedasticity occurs. Alternatively, we rely on a Wald statistic that is unaffected by 
the inequality of the variances, given a large sample. The null hypothesis of 
equality between the two sets of regressions ( 1972 and 1986 samples) is rejected 
at the 1 percent level as a Type I error (fable 1). Therefore, the results of the two 
cross-section subsamples should be more precise than the pooled regression. As 
such, attention is focused on the separate models rather than on the pooled model. 

Approximately 60 percent of the variation in demand for county roads in 
Texas was explained by the selected set of regressors (fable 1 ). The explanatory 
power of the equations estimated by Bergstrom and Goodman ( 1973) ranged from 

35 percent to 96 percent. Based on White's general test for heteroscedasticity
consistent estimates of the covariances, most coefficients are statistically sig
nificant at the 5 percent level or higher except for the coefficient on income 
(significant at 15 percent) based on the 1986 sample. Furthermore, the point es
timates of all parameters possess the expected sign, except for the coefficient on 
the per capita tax variable in the pooled sample, but it is statistically insignificant. 

As expected, as nonfarm per capita income increases by 1 percent, the 
demand or expenditure for rural roads is estimated to increase by 0.48 percent and 
0.21 percent, based upon the 1972 and 1986 data, respectively. The estimated in
come elasticities suggest rural road demand was less sensitive to the changes in 
income in 1986 than in 1972. Real per capita income was increasing in 93 percent 
of the counties in 1972 but was increasing in only 51 percent of the counties in 
1986. Further, as the "price" of rural roads increases by 1 percent, the expenditure 
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TABLE 1 
Estimated Model Parameters 

Independent First Subsample Second Subsample Pooled 
Variables 1972 1986 1972 and 1986 

Constant 9.o5· 7.62* 8.33* 
(2.00) (2.30) (1.54) 

ln(nonfarm per 0.48* 0.21*** 0.35* 
capita income) (0.17) (0.15) (0.13) 

ln(tax per capita) -0.25* -0.19* 0.02 
(0.10) (0.07) (0.03) 

ln(AADT) 0.15** 0.30* 0.14* 
(0.07) (0.09) (0.057) 

Crowding 0.2* 0.37* 0.14* 
parameter (0.09592) (0.1621) (0.05468) 

Rural roads 0.003* 0.003* 0.004* 
mileage (0.001) (0.001) (0.0007) 

County area 0.00024* 0.00017** 0.00016* 
(0.0001) (0.00009) (0.00006) 

Agricultural -0.45* -0.30* -0.43* 
county (0.13) (0.12) (0.09) 

Metropolitan 0.50* 0.54* 0.70* 
county (0.13) (0.14) (0.11) 

Population density 0.0003* 0.0002* 0.0002* 
(0.00006) (0.00005) (0.00005) 

R2 adjusted 0.59 0.62 0.57 
White's test 1,466,092 599,546 239,001 
Wald test 39.09 
Chow test 11.13 

Standard errors computed from White's heteroscedasticity-consistent covariance matrix 
are given in parentheses. 

*Statistically significant at 1 percent. 
**Statistically significant at 5 percent 

***Statistically significant at 15 percent. 

or demand for rural roads decreases by 0.25 percent based on the 1972 sample 

and by 0.19 percent based on the 1986 data. This suggests taxpayers were slightly 

more responsive to price changes in 1972 than 1986. This may be due to an in

crease in the level of traffic congestion experienced by road users in some rural 

counties as well as a deterioration in the quality of the rural system. 

The above finding is consistent with Peterson (1990), who reports ap
proximately 25 percent of infrastructure proposals (the majority of which are for 
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highways and streets) were approved by households in a 1990 study. During the 
1970s, approval rates for proposed public expenditures were as low as 30 percent. 
However, during the late 1980s, taxpayers approved 80 percent of all state and 
local infrastructure bond proposals. Furthennore, the average margin of approval 
exceeded 66 percent, significantly higher than any other type of expenditure 
referendum. Evidently, taxpayers were ·willing to buy more infrastructure than 
was actually furnished by the state and local governments. 

Consumption of public goods by one person diminishes the quantity con
sumed by another. Consequently, a crowding parameter was estimated to measure 
this effect. A zero crowding parameter would indicate a pure public good, 
whereas a parameter value of one would indicate a pure private good. A crowding 
parameter of less than one, but greater than zero, suggests the public investment is 
not a pure public commodity. In this study, the crowding parameter is estimated 
to be 0.37 in 1986 and 0.2 in 1972, indicating that the road system in Texas ex
perienced greater utilization in 1986. Thus, an additional road user would 
decrease the availability of the roads to others but would not completely prevent 
other motorists from using the roads. Bergstrom and Goodman (1973) found the 
estimates of crowding parameters for municipal, police, and parks and recreation 
expenditures were generally equal to one or greater. Their results imply that 
" ... as the size of municipalities increase, the advantages of sharing the cost of 

public services among more persons are countervailed by the cost of sharing the 

services among more persons." In summary, income elasticity is greater in 1972 
than 1986. In contrast, the price elasticity and the crowding parameter are in
creasing over time. 

A series of dummy variables were used to detennine if the social and 
economic characteristics of the county affected the demand for roads. Counties 
were classified as either metropolitan or as nonmetropolitan. The nonmetropolitan 
counties were then sorted according to a subclassification, depending upon the 
dominant characteristic of that county. The possible subclassifications for the 
nonmetropolitan counties were agricultural, manufacturing, mining, federal lands, 
government, poverty, or retirement. The demand for rural roads in metropolitan 
counties and in nonmetropolitan agricultural counties were found to be the only 
statistically significant dummy variables. The negative parameter estimates for the 
agricultural county dummy variable and the positive values for the metropolitan 
county variable indicate that, on average, the demand for rural roads in agricul
tural counties is less than the demand in metropolitan counties. 
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VI. SUMMARY AND CONCLUSIONS 

The demand for rural roads in Texas, using county data from 1972 and 1986, 
is estimated following the procedure developed by Bergstrom and Goodman. The 
estimated demand relationships are consistent with consumer theory and generally 
comparable with earlier results. The sign and magnitude of the coefficients are 
reasonable, and in no case was an estimated coefficient both significant and of 
perverse sign. The effect of income on rural road demand was found to vary from 
0.48 in 1972 to 0.21 in 1986, while the influence of tax rate (price) on demand 
varied from -0.25 in 1972 to -0.19 in 1986. This outcome suggests some change 
in the effect of income and tax rate (price) on the demand for rural roads over 
time. In particular, demand has become more inelastic, and the influence of in
come on demand has moderated. A less favorable economic climate in 1986 rela
tive to 1972 may offer some explanation. Further, the fact that rural roads in 
Texas are increasingly more crowded may partially explain the observed changes. 

Estimates of the demand for rural roads provide important information for 
analyses of current public policy issues. Rural roads in Texas are financed by 
local, state, and federal funds, and over time declining real resources from non
local sources have increased the price of rural roads to local taxpayers. As such, 
the effect of changing revenue sources actually depends on the demand elasticity. 
Further, the demand and slope parameter provides insight regarding tax revenues 
that might be obtained by local governments through adjustments in tax rates. In 
addition, the efficiency of local government in maintaining rural road infrastruc
ture subsequently influences local tax rates; consequently, the implications of 
changing costs (efficiency) may be evaluated with knowledge of demand and the 
associated elasticity. 

The crowding parameters offer insight into the individual's per capita share 

of the public road that is provided. Values between 0 and 1 indicate goods that 
show partly public and partly private characteristics. As the parameter value ap
proaches 1, the road exhibits more ·characteristics of a pure public good and less 
characteristics of a private good. The crowding parameters we estimated are not 
as large as those reported in some other studies; however, they are increasing over 
time as the system becomes more congested. A general observation is that the 
road network of 1986 was largely completed when compared to the network ex
isting in 1972; therefore, the demand for rural roads tends to exhibit more public 
good characteristics over our sample period. One would expect on a county-by
county basis to find crowding parameters for the more urban counties to be large 
relative to rural counties. 

Finally, there have been few efforts to measure the demand for rural road in
frastructure in the United States. This study demonstrates the feasibility of es-
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timating these demands and relates how this type of information might serve as 
useful input to rural road policy. Future research that addresses specific policy is
sues would be a useful application of this approach. 

ENDNOTES 

1. Specifically, Bergstrom and Goodman assumed that (1) the income dis

tributions for different jurisdictions are simple proportional shifts of each other, 
(2) all individuals have identical constant elasticities of demand for the public 
good being considered, and (3) income and price elasticities are related in a man
ner that the distribution of desired demands is a monotonic function of income. 
These restrictive assumptions, in conjunction with the median voter assumptions, 
show one possible set of sufficient conditions where public expenditures on goods 
in the jurisdiction can be treated as the amount demanded by an individual with 
the median income in the jurisdiction. Obviously, the shortcomings of this ap
proach are the restrictive nature of the median voter model and the additional 
restrictions on the income and price elasticities imposed by Bergstrom and Good
man. The shortcomings of the median voter model are well documented and 
thoroughly discussed in the extant literature. The work by Rubinfeld (1987) is an 

excellent recent source for a discussion of the Bergstrom and Goodman assump
tions and corresponding limitations. 

2. Per capita farm income, as well as total per capita income, were also used 
as a measure of average county income. However, when these variables were in
cluded the results were not satisfactory (e.g., explanation declined and the ex
pected signs on several of the key variables were not obtained). 

3. Given the cross-sectional nature of our data, heteroscedasticity would be 
expected. White's general test for heteroscedasticity, without any prior knowledge 

of its structure, is therefore a recommended test. Although OLS estimates will be 

consistent under heteroscedasticity, the estimated covariance matrix of the es
timated parameters will depart from its true value even in the case of a large 
sample. Consequently, any statistical inference about the estimated coefficients 
based on its covariance (e.g., t-test for statistical significance of the parameters es
timated by OLS) will be inaccurate. However, White (1980) showed that a 
heteroscedasticity-consistent estimate of the covariance can be obtained from 
OLS residual 

VAR [a] = n (X' X)-1 S(X' X)-1 , 

where 
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n 

S = ~ L e~ xi xi', and ei is OLS residual; i = 1, ... , n. 
I 

i= 1 

207 

4. A Wald test is performed instead of a simple Chow test in order to test the 
stabilization (over time) of the estimated coefficients (i.e., to test whether two sets 

of OLS estimators are the same). It is well known that the Chow test will be in
valid in the case where the two models have unequal variances (i.e., when 

heteroscedasticity is present). The result of the Chow test will reject the null 
hypothesis of no structural change "too" often. Since our sample is reasonably 

large, the Wald asymptotical tests were calculated with an assumption that the 
disturbance terms from the two separate regressions are independently and nor

mally distributed. This condition is plausible because the two sample periods are 
15 years apart; consequently, it is reasonable to believe that the errors are unlikely 

to be correlated. The result of the Wald test will be valid whether the two error 
variances are equal or not. 

where 

1\ 

!l;. i = 1 and 2, is the vector of OLS estimators from two separate 
regressions, 

V;, i = 1 and 2, is the estimated covariance matrix of the OLS estimates, 
K, is the number of parameters estimated (i.e., dimension of !l). 

The Wald statistic, W, is asymptotically distributed as a chi-square distribution 

with K degree of freedom. 
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