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We specify a regional production function that, in addition to labor and private capital, includes 
two publicly provided inputs - highways and education. We employ a panel data set consisting 
of annual observations on the 48 contiguous states from 1969 to 1983 to estimate input elasticity 
coefficients under a specification that allows for differences over time and across states. We find 
that both of the publicly provided inputs have a significant and positive effect on output. Our 
results support the policy conclusion that publicly provided infrastructure is an important 
element of economic growth. 

1. Introduction 

The publ ic  sector  affects and  in terac ts  wi th  the pr iva te  e c o n o m y  and  the 
economic  wel l -being of  ind iv idua ls  in m a n y  ways. The  d i s t r ibu t ion  of  income,  
the overal l  price level, and  the qual i ty  of  hea l th  and  o the r  goods  and  services 
are  affected by  such gove rnmen t  activi t ies as taxes, publ ic  expendi tures ,  
regula t ion ,  and  budge t  deficits. In  this paper ,  we invest igate  the p roduc t ive  
c on t r i bu t i on  of  publ ic ly  p rov ided  goods  and  services, in par t icu la r ,  h ighways  
and  educa t ion .  We specify a p roduc t i on  funct ion for the  e c o n o m y  tha t  
includes  these publ ic ly  p rov ided  inputs  and  tha t  enables  us to invest igate  the 
relat ive impac t  of  publ ic  and  pr iva te  inputs  on  ou tput .  

By measur ing  the p roduc t iv i ty  of  publ ic  inputs  we can  eva lua te  the 
inves tment  decis ions  of  publ ic  officials and  address  the issue of  the  qua l i ty  
and  adequacy  of  publ ic  infras t ructure .  One  reason  for concern  a b o u t  the  lack 
of  inves tment  in or  ma in t enance  of  roads  and  highways,  and  the qual i ty  of  
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public schools, is the potential for a detrimental effect on economic growth. 
That effect can be evaluated once the productivity of publicly provided 
inputs is known. 

Determining the productivity of publicly provided inputs will enable us to 
address, at least partially, two current policy questions in the U.S. First, 
there has been great concern over the absolute and relative level of labor 
productivity in the U.S. in recent decades. In searching for the causes of the 
productivity slowdown, the standard explanations are being rejected [see 
Griliches (1988)], and an explanation involving investment in the quality of 
publicly provided infrastructure is gaining support [see Aschauer (1989) and 
Munnell (1990)]. The second policy issue is a possible deterioration in the 
quality of public schools. A primary reason for being concerned with the 
quality of public schools is the belief that a poorly educated labor force is 
less productive. The results presented here address both of these policy 
issues. 

In an attempt to investigate whether public infrastructure affects producti- 
vity growth, Hulten and Schwab (1984) calculate regionwide production 
functions for manufacturing and estimate how much of the observed 
variation in the growth of real value-added can be explained by regional 
differences in three variables: capital growth, labor growth, and growth in 
total factor productivity. The authors find that the higher rate of growth of 

value added of the Sunbelt comes from strong growth in all three factors, 
while the growth in the Snowbelt is essentially due to total factor producti- 
vity growth. Their results lead them to conclude that labor and capital 
growth rate differences across regions explain most of the regional differences 
in output. They interpret these results as a lack of evidence for the 
hypothesis that the public infrastructure of the Snowbelt has declined enough 
to have adversely affected productivity. This interpretation of their results is 
rather broad. They do not actually measure public infrastructure, and the 
growth in total factor productivity is simply a residual. The authors interpret 
total factor productivity as being reflective of the quality of public infrastruc- 
ture, however, total factor productivity may vary by region because of other 
factors such as resource availability and energy costs. 

Further, their conclusion that capital and labor flowing out of the 
Snowbelt to the Sunbelt is the primary cause of regional differences in 
productivity is subject to several interpretations. One possible interpretation 
is that capital and labor have migrated from the Snowbelt because of 
dissatisfaction with the quality of public infrastructure. If that is the case, 
public infrastructure could be an indirect cause of regional differences in 
growth rates. 

A production function with public capital has been estimated by Eberts 
(1986) for metropolitan areas. Public capital in his analysis includes high- 
ways, public hospitals, sewage and sanitation facilities and public service 
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enterprises, He finds public capital to be productive with an elasticity much 
smaller than those for labor and private capital. 

In a study of the regions of Japan, Mera (1973) investigates the impact of 
various measures of the social capital stock on three sectors of the economy. 
He finds public capital to be productive and to have an effect similar to the 
effect of private capital. 

Unlike Hulten and Schwab, we are able to address directly the issue of the 
impact of public infrastructure on productivity by estimating its output 
elasticity. We construct private capital, highway capital, and publicly 
provided education series for the states, and estimate statewide production 
functions with gross state product as our measure of output. This differs 
from Eberts who constructs data for manufacturing only, at the metropolitan 
level. Our specification employs a unit of analysis at which many of the 
important public decisions are made, and broadens the analysis beyond 
manufacturing to the entire economy. Unlike previous studies we include 
education as a publicly provided input. 

We find that both of the publicly provided inputs have a significant and 
positive effect on output. Our results support the policy conclusion that 
publicly provided infrastructure is an important element of economic growth. 

The remainder of the paper is organized as follows. In section 2, we specify 
the production function and derive implications about the efficiency and 
productivity of public and private inputs. In section 3, we describe our panel 
data set and present results from estimating the production function. Section 
4 is an evaluation of efficiency through comparison of wages and average 
productivities of the states. Our conclusions are presented in section 5. 

2. A production function with public inputs 

To evaluate the impact of publicly provided inputs on the economy of a 
state we specify a production function that relates a measure of aggregate 
output to a set of publicly provided inputs and aggregates of private inputs. 
These inputs include private capital in structures, private capital in equip- 
ment, labor, highway capital, and a variable representing expenditures on 
education. 

The relationship we analyze is a long-run regional production function, 
not the production function of any single firm. Our private inputs and 
output are statewide aggregates across the many firms comprising the state. 
The publicly provided inputs are measured as the total available to any or 
all firms in the state. This statewide (regional) focus has implications, 
described below, for interpretation of the coefficients of the production 
function. 

Although it is possible that other publicly provided goods and services are 
productive, we choose to concentrate on highways and education as these 
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two have a direct impact on productivity. Highway capital is important for 
transporting intermediate and finished goods and for commuting to work. 
Education affects the production possibilities of a state in two ways. First, 
education increases the productivity of labor by generating human capital. 
Second, the working environment of a state is enhanced by having good 
schools and universities; high-quality labor is attracted to states with good 
public schools, and a better educated population tends to be characterized by 
lower crime rates and higher participation in political and community affairs. 
These additional benefits of education can increase the productivity of a 
state. 1 

For  the functional form we choose a Cobb-Douglas production function 
which takes the following form: 2 

q = A K  l a K 2 b U H a E  ~, (1) 

where q is aggregate output; K I, capital in structures; K2,  capital in 
equipment; L, labor; H, highway capital; and E, education. Given that the 
exponent coefficient for each input is the elasticity of output with respect to 
the input, a, b, c, d, and e give the relative contribution of each input to 
output. The constant A is a shift factor that can take account of state-specific 
and time effects on the overall productivity of the inputs. 

Typically, when regional production functions are estimated public inputs 
are not included and the coefficients estimated for private capital and labor 
are used to determine factor shares. The coefficients we estimate for private 
capital and labor will not be the same as coefficients derived from other 
studies where public inputs are not included. Of particular interest in this 
analysis will be the values for d and e, the elasticities of the publicly provided 
inputs. 

The sum of the exponent coefficients yields the degree of statewide 
economies of scale. As described above, our input and output measures are 
generated by aggregating over all firms in the economy. Because of the 
possibility of externalities arising from proximity of firms to one another 
(agglomeration economies or congestion), the regional production possibili- 
ties might differ from (be greater than or less than) the production 

1Azariadis and Drazen (1988) and Lucas (1988) incorporate similar dual effects of education 
in models of economic growth. 

2The literature on the estimation of production functions, and in particular of the Cobb- 
Douglas functional form, is extensive. As examples, see Nedove (1965), Zellner et al. (1966), and 
Fuss et al. (1978). While much of the literature addresses the problems and inadequacies of the 
Cobb-Douglas functional form, many of the estimates have employed a Cobb-Douglas 
specification. Our use of the Cobb-Douglas functional form facilitates comparisons between our 
estimates, which include publicly provided inputs, and many of the existing estimates in the 
literature, which only include private inputs. 



T. Garcia-Milfi and T.J. McGuire, Publicly provided inputs 233 

possibilities derived from individual firm level production functions. The 
Hicks aggregation theorem implies that the degree of economies of scale 
derived from the statewide production function will be a weighted average of 
the within-firm returns to scale corrected for the between-firm or external 
economies that firms confer on one another [Hicks (1946)]. In other words, 
if the sum of the exponent coefficients is greater than one, then either most 
firms are experiencing increasing returns to scale or economies of agglome- 
ration exist or both. 

Given the estimated statewide production function, and given relevant 
price data, we could determine whether states choose inputs efficiently. 
Equality between the value of the marginal product of an input to its cost 
indicates productive efficiency. Assuming diminishing marginal productivity, 
if the value of the marginal product exceeds (is less than) the cost of the 
input, then the state is under-(over-)investing. 

There may be a presumption that private inputs are chosen optimally by 
competitive firms, but this will not necessarily be the case for at least two 
reasons. First, if the between-firm externalities noted above are strong, then 
competitive firms acting unilaterally are not likely to choose the optimal level 
of inputs. Second, because of tax and investment incentives, firms may not 
face prices for inputs that represent the true opportunity costs of employing 
the inputs. 

Because we include public inputs in our production function, this efficiency 
analysis could be performed for publicly provided inputs as well. Given the 
political process that leads to determination of levels of publicly provided 
inputs, there is little hope that these decisions are made efficiently. An 
estimated production function could be used to determine whether public 
decisions concerning investment in publicly provided inputs are efficient or 
inefficient and, if inefficient, the direction of the suboptimality. Specifically, 
given the proper data, we could determine whether states optimally choose 
levels of highway capital and education expenditures. 

3. Data and estimation results 

The data consist of 14 annual observations for the 48 contiguous states. As 
a measure of output we use gross state product (GSP), and the two private 
capital series are constructed using investment series in structures and 
equipment, respectively. We need to generate the capital stock values as no 
such series is available by state. To determine an initial capital stock for each 
state we allocate the U.S. capital stock in a base year to each state using a 
fraction which relates to each state's share of total U.S. investment. 

Labor is the number of employees by state as measured by the Bureau of 
Labor Statistics. To generate the highway capital series we treat annual 
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expenditures on highways by state and local governments as a measure of 
investment in new capital and maintenance of existing capital. An initial 
highway capital stock for the U.S. is allocated to each state using a state's 
share of total highway mileage. Our highway variable is highway capital per 
square mile. 

Our education variable is total state and local expenditures for K-12 and 
postsecondary education. To capture the delayed impact of education on 
human capital we use the average of education expenditures over the 
previous four years and the current year to construct a given year's 
education variable. 

The observations for GSP and labor are from 1970 to 1983. The 
observations for capital in structures, capital in equipment, highways, and 
education are from 1969 to 1982. These four variables are lagged one year 
with respect to GSP to capture their availability at the beginning of the year 
in which GSP is produced. 

GSP, the capital series, and education are measured in 1972 dollars. The 
source for labor is the Bureau of Economic Analysis, Department of 
Commerce (BEA), which employs data generated by the Bureau of Labor 
Statistics. The source for highways and education expenditures is the Bureau 
of the Census, Governmental Finances, which is an annual publication. The 
source for the GSP and private investment data is the BEA. Details of the 
data construction are presented in the appendix. 

Our goal is to estimate a long-run production function for the states, 
controlling for relevant state-specific effects, business cycle effects, and 
changes in technology. Because we have few time observations relative to the 
number of cross-section observations, we do not include state dummy 
variables in order that the cyclical variation overtime does not dominate the 
long-run relationship we hope to estimate. To account for potentially 
important differences across the states we include the population of the state 
and a measure of the average industrial mix of the state over this time 
period) The size of a state in terms of population may have scale economy 
or congestion effects. The industrial mix of a state may affect overall 
productivity as some industries have grown faster or experienced greater 
increases in labor productivity than others. 

To take acount of business cycle effects, which are likely to be important 
in the period of analysis, and of time dependent technological changes, we 
incorporate yearly dummy variables. This specification enables us to stress 
the cross-section variation while controlling for time variation. We use OLS 

3The population data  are from Census and we have observations for all states for all years. 
The industrial mix variable is manufacturing's  share of total output,  an average over the time 
period for each state. The 48 observations are repeated for each year so that it is a state-specific 
but  time invariant variable. 
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Table 1 

Estimation results? 

Regression 1 Regression 2 

Constant -2.325 (7.46) -4.598 (12.11) 
In K I b 0.104 (6.37) 0.027 (1.55) 
In K2 0.373 (13.03) 0.449 (15.99) 
In L 0.356 (11.90) 0.465 (15.31) 
In H 0.045 (8.65) 0.044 (8.89) 
in E 0.165 (8.00) 0.072 (3.34) 
POP 0.6x 10 -8 (4.19) 0.3x 10 -8 (1.96) 
M I X  -0.004 (7.86) -0.004 (8.87) 
MED 0.087 (9.41) 
T70 0.147 (6.66) 0.177 (8.43) 
T 71 0.113 (5.62) 0.139 (7.32) 
T 72 0.119 (6.22) 0.141 (7.83) 
T 73 0.125 (6.90) 0.142 (8.29) 
T 74 0.062 (3.63) 0.076 (4.69) 
T 75 0.017 (1.03) 0.030 (1.92) 
T76 0.032 (1.96) 0.041 (2.71) 
T 77 0.051 (3.16) 0.058 (3.82) 
T 78 0.069 (4.30) 0.071 (4.72) 
T 79 0.052 (3.29) 0.051 (3.40) 
TSO 0.014 (0.91) 0.012 (0.82) 
T81 0.023 (1.49) 0.021 (1.45) 
T82 -- 0.015 (0.99) - 0.016 (1.07) 
R 2 0.995 0.995 

aThe dependent variable is the natural log of gross state product. 
The number of observations is 672. The absolute values of the t- 
statistics are in parentheses and displayed to the right of the 
corresponding coefficient. 

bK1 is capital structures; K2, capital in equipment; L, labor, H, 
highway capital; E, education; POP, population; MIX,  industrial 
mix; MED, median years of schooling; and T70 through T82 are 
time (yearly) dummy variables. 
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to estimate the logarithmic transformation of eq. (1). The results are 
displayed in table 1, regression 1. 4 

The estimated coefficients on the five input variables and on population 
and industrial mix are highly significant, and the hypothesis that all of the 
coefficients of the time dummies are zero is strongly rejected: The R 2 
indicates that the set of variables explains most of the observed variation in 
GSP. The relative sizes of the coefficients on the input variables lead us to 
conclude that education plays an important role in determining the econo- 

4In work not reported here we estimate an equation where we control for the possible 
endogeneity of labor by using labor lagged one year as an instrument. The results of this 
specification do not alter any of our conclusions. 

SThe value of the relevant F-statistic is 7.99, well above the 1 percent critical point of 2.2 for 
the F-distribution with (13,651) degrees of freedom. 
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mies of the states. Highways does not appear to have a relatively large 
impact on GSP. The estimated coefficient on labor is lower than many 
estimates reported for the value of labor's share. This lower estimate can be 
explained by the fact that we have accounted for the contribution of not only 
labor and capital but also public inputs and that our measure of output is 
tax inclusive. 6 The sum of the coefficients is 1.04 which is close to one but 
statistically significantly greater than one. ~ This finding of slight economies 
of scale is contrary to the often used assumption of constant returns to 
scale, s 

While the sum of the estimated exponent coefficients reflects both potential 
agglomeration economies and scale economies, the size of a state in terms of 
population may also induce agglomeration economies or congestion. We 
allow for this size effect to impact the constant term only, not the slope 
coefficients, so that the relationship between the inputs is not allowed to 
change but the inputs are jointly more or less productive. Population enters 
as a significant positive factor indicating that states with larger populations 
have a productive comparative advantage. 

The industrial mix variable is significant and its negative coefficient 
indicates that states with relatively large manufacturing shares are less 
productive. Relative to other industries manufacturing grew slowly during 
this time period so that those states with a concentration of fast growth 
industries enjoyed higher output, all else equal. 9 The estimated coefficients 
for the time dummies move roughly with the business cycle. 

There are two potentially serious criticisms of our use of the education 
expenditures variable in a production function. First, one could argue that 
there are better measures of the human capital available in a state. Because 
people are quite mobile between states, the education provided by one state 
benefits other states and may not perfectly characterize the education of its 
current labor force, many of whom may have been educated elsewhere. 
Median years of schooling completed by the population aged 25 and older 
may be a better measure of the quality of the existing labor force. In the 
second regression reported in table 1 we include a variable for median years 

6Without taking into account public inputs, Kydland and Prescott (1982) calculate a value for 
labor's share of 0.64 for total U.S. in 1976, while Hulten and Schwab (1984) report values for 
manufacturing between 0.57 and 0.79 for several U.S. regions between 1951 and 1978. 

7The F-statistic for the null hypothesis that the sum of the exponent coefficients is equal to 
one is 25.95. The F-statistic is distributed with degrees of freedom (1,651) with a critical value of 
3.84 at a 5 percent significance level. We thus reject the hypothesis that the sum is equal to one. 
These results on increasing returns to scale are in contrast to the results of Eberts (1986) and 
Segal (1976) who both find constant returns to scale at the metropolitan level. 

8Kydland and Prescott (1982) and Mera (1973), among others, assume constant returns to 
male. Romer (1986), on the other hand, argues for increasing returns in a model where 
knowledge is productive. 

9A similar result for industrial mix is obtained in Wasylenko (1986). 
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of schooling. 1° We include both education and median years of schooling 
since education expenditures are hypothesized to have an effect beyond the 
generation of human capital, namely, the quality and attractiveness of the 
working environment is enhanced in states that spend more on public 
education. 11 The results indicate that both education and median years of 
schooling are significantly and positively related to output, and that the 
importance of the education variable in terms of its relative elasticity is 
diminished. The estimates for the other input elasticities are also affected by 
the inclusion of the median years of schooling variable. 

The results of regression 2 must be interpreted with caution because our 
measure of the human capital of the existing labor force, median years of 
schooling, is based on only two observations for each state, is a rough 
summary of the distribution of years of schooling, and may not reflect the 
quality of the labor force. 

The second major criticism of our use of education expenditures in a 
production function estimation is that education expenditures may be 
endogenous, that the demand for education expenditures depends on income, 
our left-hand side variable. 12 This is a serious econometric problem that we 
had hoped to solve by using median years of schooling as an instrument for 
education, but the correlation between median years of schooling and 
education is -0 .044  and thus median years of schooling is not a proper 
instrument. We were unable to devise other instruments and are thus forced 
to acknowledge that the positive and significant coefficient on education may 
be reflecting both demand for and productivity of education/3 

4. Toward an efficiency analysis 

A major motivation for estimating statewide production functions is to be 
able to evaluate the choices of levels of inputs using the criterion of 
productive efficiency. For  each state we could determine if an input is chosen 
efficiently by comparing the value of the marginal product of an input to its 
unit cost. Given a Cobb-Douglas  production function, the efficiency con- 

1°The variable is defined as the average of the 1970 and 1980 values for median years of 
schooling for individuals aged 25 or older. The source is the Census of Population, 1970 and 
1980. 

1 qt could be argued that we should simply replace education with median years of schooling, 
if the latter is a better measure of human capital. We are unconvinced by this argument and our 
results indicate that both variables are important. 

12Other right-hand side variables are also subject to this problem. The estimation of 
production functions where inputs are likely to be chosen simultaneously with output has a long 
history. See Lucas (1970) for an example. 

t3Recall that our education variable is lagged one year and therefore is the average of the 
expenditures on education for the previous five years, not including the current year. This 
definition mitigates the problem of endogeneity of the education variable. 
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dition can be expressed as the equality between the average product and the 
ratio of the input cost to the output price times the elasticity coefficient. In 
the estimation discussed above and in the efficiency comparisons that follow, 
we assume that all states have the same output price and the same elasticity 
coefficients for the inputs. ~4 Under these assumptions, efficiency would 
require that average products and input costs move together. 

If we find that the average product and input cost for an input are not 
perfectly correlated, then one possible explanation is that the levels of the 
input have not been chosen efficiently. Another possible explanation for such 
a finding is that our assumptions are invalid and the output prices and 
elasticity coefficients do vary across the states, resulting in the possibility of a 
less than perfect correlation between average product and input cost. While 
we cannot distinguish between these two explanations, we can describe the 
implications of our maintained hypotheses for two inputs - one public and 
one private - for which we have input cost data. 

We calculate average products and obtain measures of per unit input costs 
for the labor and education inputs for 1980 for each state. ~5 We choose 
these two inputs because we consider education to be highly labor intensive 
and the only state-specific measure of input costs we have is wages. We do 
not have what we consider appropriate measures of the costs of the other 
three inputs. The two wages are the average wage for all industries, which we 
compare to the average product of labor, and the average wage for the state 
and local government sector, which we compare to the average product of 
education. 

The average product for labor and its wage are strongly, positively 
correlated (a correlation of 0.904, which is statistically significant at a 1 
percent significance level), while the average product of education and its 
corresponding wage have a positive, but much weaker correlation (0.134, not 
statistically significant at conventional significance levels). The coefficient of 
variation of the ratio of the average product of labor to its wage is 0.05 while 
the coefficient of variation of the ratio of the average product of education to 
its wage is 0.17. These results indicate that the average product of labor and 
its wage are much more closely related than the average product of 
education and its wage. 

We have mentioned above two possibilities for why variation across the 
states in the unit input cost may not completely explain the observed 
variation in the average product of an input. The first explanation involves 
our assumptions about the output price and elasticity coefficient being 
constant across states. If these assumptions are invalid, the unobserved 
variation across states in output prices and elasticity coefficients may result 

14The assumption of a constant output price across the states is dictated by a lack of data. 
lSThe source for the wage data is the Burea of Economic Analysis, U.S. Department of 

Commerce. The data consist of wages by industry by state for 1980. 
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in efficiency conditions requiring either low or high correlation between 
average product and input cost. Thus, our finding of a high correlation 
between average product and input cost for labor and a low correlation 
between average product and input cost for education may be due to the 
unobserved variation in output prices and elasticity coefficients. 

The second explanation for our finding of a low correlation between 
average product and input cost for one input and a strong correlation for the 
other involves the relative efficiency in the choice of the two inputs. This 
comparison of the data indicates that education more so than labor might be 
inefficiently chosen. One explanation for this result is that the labor choice is 
made by cost minimizing firms while the level of education expenditures is 
determined by the political process, a process which involves considerations 
other than productive efficiency. 16 

5, Conclusion 

This paper is an attempt to determine the contribution to output of two 
publicly provided inputs, highways and education, and to evaluate whether 
states make optimal decisions regarding expenditures on these two compo- 
nents of the public budget. We estimate long-run statewide production 
functions using a Cobb-Douglas specification with five inputs: capital in 
structures, capital in equipment, labor, highway capital, and education 
expenditures. Our panel data set consisting of annual observations on the 48 
contiguous states from 1969 to 1983 is used to estimate input elasticity 
coefficients under a specification that allows for differences in overall factor 
productivity over time and across states. 

Our results indicate that both highways and education are productive 
inputs with the latter having a stronger impact on output. This conclusion is 
valid even when we control for human capital by including median years of 
schooling as an explanatory variable. We conclude that public inputs should 
be included when specifying aggregate production functions. An efficiency 
analysis of the two inputs, labor and education, leads us to believe that the 
chosen levels of state and local education expenditures may be suboptimal. 

Appendix: Construction of capital series for equipment, structures and 
highways 

The only data available by state for private capital are annual obser- 
vations on investment in structures and equipment, respectively, beginning in 
1965. These data are used by the Bureau of Economic Analysis of the 

16The political process may involve bureaucratic waste or excess, and/or the consideration of 
other goals such as satisfying consumer voters. In particular, education provides consumption as 
well as production benefits. 
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Department of Commerce in their regional economic model of the U.S. The 
first step in converting the investment data into capital stock variables was 
to obtain values for the total net capital stocks of equipment and structures 
in the U.S. in 1979 from a 1982 Department of Commerce publication called 
Fixed Reproducible Tangible Wealth in the U.S., 1925-79. We determined that 
coverage of equipment using the capital stock source was more extensive 
than the coverage of equipment from the investment source by almost 25 
percent. We thus multiplied the initial equipment capital stock for the U.S. 
by 0.75 so that it would be compatible with our state specific investment 
data. The capital stock and investment coverage for structures appeared to 
be quite similar so that no corresponding adjustment to the aggregate capital 
stock of structures was required. 

The 1979 net capital stocks for equipment and structures for the U.S. were 
allocated to the individual states by multiplying the two aggregate stocks by 
state-specific fractions (weights). A state's fraction was determined by divid- 
ing the appropriately depreciated sum of investment in the state from 1965 to 
1979, by the sum of the same aggregated over the 51 states. For example, the 
fraction of the 1979 U.S. stock of equipment allocated to Wyoming was 
Wyoming's share of the aggregate depreciated investment in equipment from 
1965 to 1979. In this way capital stocks in equipment and structures for 1979 
were calculated for each state. 

Using the base year (1979) state-specific capital stock, a capital stock series 
from 1969 to 1983 for each state was constructed by adding or subtracting 
appropriately depreciated investment values. The depreciation rates used for 
equipment and structures were 0.146 and 0.0361, respectively. Both figures 
were taken from Hulten and Schwab (1984). 

The construction of the highway capital series proceeded much like the 
private capital series except that different data sets were involved. As a 
measure of state-specific highway investment we employed expenditures on 
highways taken from the annual publication, Governmental Finances, pub- 
lished by the Census Bureau. From a 1980 Department of Commerce 
publication, A Study of Public Works Investment in the U.S., we obtained a 
value for total federal, state, and local capital stock in highways, roads and 
bridges in 1967. This total for the U.S. was allocated to the states by 
multiplying the total by each states's share of total rural plus municipal 
highway mileage. The source for the state-specific mileage figures was 
Highway Statistics, 1967, an annual publication of the Federal Highway 
Administration of the U.S. Department of Transportation. 

Using the 1967 state-specific highway capital stock, a highway capital 
stock series for each state from 1969 to 1983 was constructed by adding 
appropriately depreciated investment values to the depreciated initial capital 
stock. The rate of depreciation used was 0.03, an educated guess based on 
the average life of structures being approximately 40 years (with a 
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depreciation rate of 0.0361) and the average life of highways being approxi- 
mately 60 years. 
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