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Introduction 

The returns to scale (RTS) parameter of urban pro­
duction functions often has been used to test for the 
existence of agglomeration economies in urban areas. The 
underlying rationale is seen most clearly in a statement by 
Kaldor (1970), who referred to agglomeration economies 
as: 

Nothing else but the existence of increasing returns to 
scale - using that term in the broadest sense - in 
processing activities. These are not just the econo­
mies of large - scale production, commonly consid­
ered, but the cumulative advantages accruing from the 
growth of industry itself ... 

Thus the production function has been viewed as a 
convenient device for bridging the gap between the theory 
of agglomeration - laid down by Hoover (1948), Isard 
(1956), Richardson (1973), and Weber (1929) - and its 
measurement Though the studies in this area recently 
have become much more refmed, additional research has 
been needed in some of the more basic methodological and 
procedural issues connected with the empirical implemen­
tation of the production function approach. The principal 
objective of this study is to obtain a more accurate estimate 
ofRTS for the manufacturing sector of urban agglomera­
tions in the U.S. The conclusion is that the economies of 
agglomeration may be more complex than originally 
thought and it may be fruitful to examine more closely the 
underlying factors involved. 

One of the principal shortcomings of previous stud­
ies is that almost exclusively they have been forced to use 
homogeneous production functions, due to the lack of 
information concerning capital.1 Recent examples include 
studies by Moomaw (1986, 1985), Carlino (1985, 1982), 
Nakamura (1985), and Greytak and Blackley (1985). 
These have differed from the earlier genre (i.e. Nicholson, 
1978; Segal,1976; Shefer,1973; Kawashima, 1975) in that 
the latest attempts have concentrated on distinguishing 
localization and urbanization economies from the basic 
scale parameter by including auxiliary variables in the 
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production model. While most of these approaches have 
been quite imaginative and not without merit, if it were 
possible it also would be instructive to use a nonhomogene­
ous production function as a modeling tool to determine 
whether RTS change with the size of the urban agglomera­
tion. This study uses a capital stock series developed by 
Fogarty and Garofalo (1980) and employs a nonhomo­
geneous production function, though it makes no attempt 
to isolate localization from urbanization economies in the 
process. 

Background 

In the literature four basic methods have been used 
to measure agglomeration economies. They have included 
(1) using city size variables in conjunction with the Hicks­
neutral shift parameter of a homogeneous cross-sectional 
urban production function (Greytak and Blackley, 1985; 
Moomaw, 1985; Nakamura, 1985; Segal, 1976}; (2) esti­
mating separate homogeneous production functions for 
large and small cities (Schaefer, 1978, 1977; Segal, 1976) 
or individual cities (Carlino, 1982, 1979); (3) using nonho­
mogeneous urban production functions (Schaefer, 1978, 

··1977; Fogarty and Garofalo, 1980); and (4) employing 
state level data and then including urban agglomeratim 
variables in an estimating equation (Nicholson, 1978; 
Beeson, 1987). Only in methods (2) and (3) are RTS 
estimates used to test for the existence of agglomeratim 
economies. In this paper a combination of these two 
methods is implemented to determine the behavior ofRTS 
as a function of agglomeration size in the manufacturing 
sector. 

The theoretical basis for using a production function 
approach to measure agglomeration economies already 
has been summarized by Kaldor (1970}, Carlino (1982}, 
Greytak and Blackley (1985) and others, and will not be 
repeated here. Though the method is theoretically support­
able, its empirical implementation has been subject to 
several limitations: (1) The choice of productim function 
usually has been limited to homogeneous forms, though 
several studies have shown directly or have implied that the 
parameters of the production function (especially RTS) 
may change with city size. (2) Studies of U.S. SMSAs 
have had to resort to using one-factor models such as the 
well known Dhrymes variant of the CBS function (Carlino 
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1985, 1982; Shefer, 1973), or a variation of the Cobb­
Douglas function (Moomaw, 1986, 1985) that does not use 
direct infonnation on capital at all, but infers it by subtract­
ing labor payroll from value added.1 (3) Measurement 
errors or omission of variables errors related to biased or 
missing capital data may inflict an uncertain amountofbias 
on results. Studies that have attempted to decompose RTS 
into localization and urbanization economies face the 
additional problem of collinearity among most of the 
auxiliary variables that usually are incorporated into the 
estimating equation. Only in studies by Moomaw (1986, 
1981) have any of these econometric problems been ad­
dressed adequately. 

In the presence of such potential shortcomings, 
when SMSA-level capital data are unavailable a better 
route would seem to be that taken by Nicholson (1978), or 
more recently by Beeson (1987). In these studies state 
level data were used to estimate either cross-section 
(Nicholson) or time-series (Beeson) production functions, 
and then measures of urbanization within a state were used 
to capture potential agglomeration effects. A disadvantage 
of this approach is that the study becomes essentially 
regional in nature, rather than urban, and therefore is not 
able to measure agglomeration economies directly. In the 
absence of capital, the investigator is left with a choice 
between an indirect measure and a direct one that poten­
tially is biased. 

A capital series for urban areas (SMSAs) was avail­
able for this study and therefore some of the common 
pitfalls could be avoided. One major problem, choice of 
functional fonn, was solved in an earlier report (Duffy, 
1986) using the same data base. By applying the statistical 
techniques of Pesaran and Deaton (1974) and Davidson 
and MacKinnon (1981) it was detennined that the most 
appropriate urban-level manufacturing production func­
tion is one that incorporates nonhomogeneity, with elastic­
ity of substitution (EOS) being a relatively minor factor. 
The results pointed to the use of the Ringstad (1974) and 
Vinod (1972) specifications that have the properties of 
constant EOS and nonhomogeneity. They also have 
unique RTS functions that together allow further insight 
into the nature and measurement of manufacturing ag­
glomeration economies in the U.S. 

Data Sources and Procedure 

economic expansion in the U.S. For labor and output, the 
data were obtained from the Census/Survey of Manufac­
l~Wa]. using man-hours of production workers for labor 
and value added for output. Table I lists the sample SMSAs 
and their average real value added in the manufacturing 
sector for the three years of the study. Since value added 
was in current dollars it was converted to real dollars by 
using an appropriate deflator, namely the producer price 
index for all industrial commodities, obtained from the 
U.S. Statistical Abstract. There was no attempt to adjust 
the labor inputs for quality differences or to include a labor 
composition variable in the production functions. Both 
Henderson (1982) and Sveikauskas (1975) found that 
labor quality indices were not statistically significant in 
their urban production/productivity models. 

Capital inputs were measured by capital stock and 
were provided by Fogarty and Garofalo (1982). They 
utilized the perpetual inventory/book value method of 
estimation, which is outlined as follows: First, a 50 year 
investment series for the manufacturing sector of each 
SMSA, called the 'built-up' series, was derived for the 
years 1904-1953. For some early years this was obtained 
by apportioning investment in each state among its SMSAs 
on the basis of the percentage of total state value added in 

. the SMSA. Discard and depreciation functions were 
applied to the gross investment series to account for obso-
lescence and depreciation. 

Census book value of plant and equipment for 1957 
were used as benchmarks to adjust the built-up series. 
Capital stock in any one year was obtained by summing the 
undiscarded, undepreciated investments of previous years. 
Since the pre-1954 investment series consisted of esti­
mates derived from national data, while the post 1953 
series used direct survey data, the 1975-1977 estimates 
used in this study presumably are the least biased of the 
1957-1977 capital stock series of Fogarty and Garofalo. 
The use of the stock rather than the flow concept can be 
justified on the basis of early studies by Diwan (1965) and 
Lovell (1968) and more recently by Greytak and Blackley 
(1985). They each determined that capacity utilization 
adjustments did not alter production function estimates 
significantly. 

Production Functions: 

As indicated above from a previous study (Duffy, 
Data: 1986), statistical tests have shown that nonhomogeneity is 

a better representation of the production characteristics of 
The observations consist oflabor, capital, and output this sample than is homogeneity. For this reason, two non­

for the manufacturing sector for the years 1975, 1976 and homogeneous fonns of the production function developed 
1977for49ofthelargestU.S. SMSAs. Duringthisperiod by Ringstad (1974) and Vinod (1972) were estimated, 
real GNP changed by -1.2 percent in 1975, +5.4 percent in along with the homogeneous Cobb-Douglas function. The 
1976,and+5.5percentin 1977,sothattherewasanoverall homothetic Ringstad function (Equation 1) has a unitary 
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elasticity of substitution (EOS) and possesses a unique and 
useful RTS function. As shown in Equation 2, RTS are a 
quadratic function of output, allowing for the possibility of 
'turning points', i.e. maxima and minima. 

maximum likelihood procedure (Zellner and Revankar, 
1969), a second simpler nonhomogeneous specification 
also was used. This is the Vinod fonn (Equation 3) which 
is not homothetic and which possesses a nearly constant 

In Q + c0Q + c1(ln Q)2 = ~ + d1ln (KIL) 
+~lnL 

EOS.3 As shown in Equation 4, RTS for the Vinod function 
(1) depend on both of the inputs, capital and labor. Since 

output is closely correlated with the factors of production, 
RTS = dj(1 + c0Q + 2c1ln Q) 

where 

K= capital 
L= labor 
Q=output 

(2) 

Because of computational difficulties in estimating 
the Ringstad production function, requiring an iterative 

In Q = b0 + b1ln K + b2ln L 
+ b3(ln K)(ln L) 

RTS = b1 + b2 + b3(ln K + In L) 

(3) 

(4) 

and because this sample has a rather large overall variation 
in output, (Table 1 ), the Vinod RTS tends to exhibit mono­
tonicity with respect to output, except for the smallest cities 
in the sample. The Cobb-Douglas function (Equation 5) 
has received much attention in the literature. Its properties 

Table 1 

Classification of Selected SMSAs, by Value of Output• 

SMSA Output SMSA Output 
($billion) ($billion) 

Erie 1.2 Atlanta 3.5 
Tulsa 1.2 Kansas City 3.6 
Lancaster 1.3 Greensboro 3.7 
Tampa 1.4 Louisville 3.9 
Miami 1.5 Seattle 3.9 
New Orleans 1.5 Buffalo 4.0 
San Bernardino 1.5 Anaheim 4.4 
Nashville 1.6 Baltimore 4.7 
Reading 1.6 San Jose 4.7 
Canton 1.6 Cincinnati 5.0 
Birmingham 1.6 Minneapolis 5.5 
Richmond 1.7 Milwaukee 5.7 
Akron 1.8 San Francisco 5.7 
Memphis 1.8 Rochester 6.1 
Grand Raphids 1.9 Pittsburgh 6.3 
Jersey City 1.9 Dallas 6.7 
San Diego 1.9 Newark,NJ 6.9 
Phoenix 2.1 St. Louis 7.2 
Allentown 2.4 Cleveland 7.2 
Columbus, OH 2.5 Philadelphia 11.7 
Denver 2.5 Detroit 14.8 
Portland, OR 2.5 New York 17.0 
Youngstown 2.5 Los Angeles 21.1 
Dayton 2.6 Chicago 23.7 
Indianapolis 3.4 

·output is an average of real value added for the years 1975, 1976 and 1977. 
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include an EOS of unity integer values of the dependent variable, value added. 
However, the F-test was used to determine the appropriate 

In (QJL) = 3o + a11n (KIL) + ~n L (5) demarcation points only for the Cobb-Douglas and Vinod 
functions. Because the Ringstad function requires a long 
and arduous estimation procedure it was necessary first to 
select a single set of demarcation points arbitrarily, and 
then apply the F-test to determine their validity. 

and a constant RTS of 1 +ttz. This is included for purposes 
of comparison since several previous studies have used 
such a specification, as detailed above. 

Testing For Separate Production Functions 

Following the approaches of Segal and Schaefer, an 
F-test was used to determine if separate production func­
tions are warranted for different size ranges of output. 
Since several partitions of the sample may indicate the 
necessity of separate production functions, the demarca­
tion points selected should produce the highest significant 
F-statistic, given by: 

Empirical Results 

The results of the F-test for the Cobb-Douglas func­
tion indicated optimum demarcation points of $4 and $7 
billion. This partition produced the highest significant 
value of the F-statistic, 28.2, compared to a critical value of 
3.78 (0.01level of significance). The production function 
estimates for the individual groups and the overall sample 
are shown in Table 2. The rather low R2 statistics for three 
of the four categories, including the overall sample, sug-

where 

F = CRRSS-URSS) I k 
URSS I (n-ik) 

RRSS = restricted residual sum-of-squares 
URSS = unrestricted residual sum-of-squares 

k =number of estimated parameters 
n = total number of observations 
i = the number of separate functions tested 

(6) gest that the Cobb-Douglas function does not provide a 
very good representation of the existing production struc­
ture. From the smallest to the largest sub-group the RTS 
estimates are 1.06, 0.42, and 0.93 with t-statistics of 1.2, 
7.0, and 2.0, respectively. At the 0.05 level the null 
hypothesis of unitary R TS was not rejected for the smallest 
cities and rejected for the two larger city categories. The 
usefulness of these results is minimized by the poor overall 
explanatory power of the function. 

The F-test assumes that there is neither contemporaneous 
correlation nor heteroscedasticity. 

After trying a two-group and a three-group partition 
of the sample, it was decided to use three groups for all 
three production functions. The F-statistic tended to be 
larger for three groups than for two groups, as expected, 
since there was one less restriction. In order to reduce the 
computational burden the demarcation points tested for the 
Cobb Douglas and Vinod functions consisted only of 

The F-statistic for the Vinod function indicated that 
the optimum demarcation points were at $2 and $6 billion 
value added. With this partition the F-statistic attained its 
highest value, 29.6, compared to a critical value of 3.32 
(0.01level of significance). The production function esti­
mates are reported in Table 3. Because multicollinearity 
may be a problem in Vinod production functions, the 
correlation between capital and labor also is reported. For 
the medium-sized cities multicollinearity seem to be pres­
ent. This was indicated by the high R2 and the absence of 

Table 2 
Cobb-Douglas Production Function Estimates 

of City Output (t-statistics in parentheses)" 

Output ao al ~ n R-2 
$Billion 

AIIQ 1.84(10.0)• .38(6.7)b .04(2.3)d 147 .25 
Q<4 1.71(5.6)• .39(5.6)b .06(1.2) 90 .25 
4<Q>7 5.79(10.8)• .20(2.4)b -.58(-7.0)b 36 .64 
Q>7 3.28(9.9)• .09(1.2) -.07(2.0)d 21 .26 

*a- significant at 0.01level, two-tail test 
b- significant at 0.01level, one-tail test 
d - significant at 0.05 level, one-tail test 

tY- RTS 

.0258 1.042 

.0201 1.06 

.0147 .42 

.0047 .93 
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Table3 
Vinod Production Function Estimates of City Output 

(t-statistics in parantheses)" 

Output bo bl b2 b3 n R-2 CJ2 pld 
$Billion 

AllQ -.70(0.8) .67(5.8)• 1.19(6.2)• -.06(2.9)• 147 .96 .0245 .91 
Q<2 -20.40(2.1)• 3.81(2.7)• 5.70(2.6)• -.78(2.4)• 51 .63 .0110 .37 
2<Q>6 4.61(0.8) -.10(0.1) .43(0.4) .05(0.4) 63 .82 .0195 .84 
Q>6 32.1(10.8)• -3.09(8.9)• -3.91(8.3)• .52(9.7)• 33 .92 .0059 .68 

*a- significant at 0.01level, two-tail test 
c - significant at 0.05 level, two-tail test 

significant coefficients. It also was noted that the R 2 for the 
under-$2 billion category was significantly lower than 
those for the other groups. One explanation of this recur­
ring phenomenon may be that the smaller cities in the 
sample were more diverse than the cities in the other 
categories. In that case, a single production function never 
could adequately describe all production within the group, 
even though there were 51 observations. Above $2 billion 
value added the observations were much more widely 
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Figure 1. RTS, Vinod Production Function 

scattered, leading to a much better 'fit'. 
TheRTS estimates for the Vinod function are plotted 

in Figure 1. There appears to be a distinct cyclical trend -
RTS first decrease and then increase sharply to approxi­
mately unity. In the third sub-group RTS begin quite low 
and increase to a maximum of about 1.75. With the 
exception of the second group, there clearly are some 
questionable individual magnitudes ofRTS. It is unlikely 
that any city could exist with an RTS close to zero or 1.7, 
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Figure 2. RTS, Ringstad Production Function 
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values found in the first and third groups respectively. In 
the case of the small-city group there probably is a connec­
tion between the unlikely values ofRTS and the relatively 
low R2• Another important feature of this group is the low 
correlationbetweencapitalandlabor(0.37).1tislikelythat 
there is much less industrial diversity within each city, with 
each one characterized by a very distinct capital/labor 
ratio. 

The foregoing discussion suggests either that the 
Vinod function is an inaccurate representation or that a 
different interpretation of the RTS estimate is necessary. 
On the basis of the high R2 statistics for three of the four 
groupings, (Table 3), and the verification of the suitability 
of the nonhomogeneous function in the study referred to 
above, it would seem that the former statement is not 
correct. If a different interpretation is required it may be the 
following: the abSolute levels ofRTS are not as important 
as the~ levels. Thus there should be more concern 
with the direction of change, and this is easily discernible 
in alternate periods of decreasing, increasing, decreasing 
and then increasing RTS. 

Further analysis with the Ringstad function leads to 
a similar conclusion. Demarcation points for the Ringstad 
function arbitrarily were set at $2 and $7.6 billion value 
added. These were selected because a scatter diagram of 
the output data showed definite 'breaks' at these points. 
The calculated F-statistic of 2,133 was significant at the 
0.01 level. As shown in Table 4, all coefflcients were 
significant at the O.Ollevel and the R2 was very high in all 
cases, except for the under-$2 billion category. The RTS 
behavior was remarkably similar to that of the Vinod 
function, Figure 2. RTS decrease, increase, decrease and 
increase as output expands. The quadratic nature of the 
RTS function is seen in the middle grouping (2 < Q < 7 .6) 
in which RTS exhibit a parabolic behavior, reaching a 
maximum at approximately Q = 5 before falling off. The 
group estimates ofRTS also are consistent with each other. 

That is, the three groups can be spliced together almost 
perfectly to produce a nearly continuous graph. As in the 
case of the Yinod function, it appears that a 'relative' 
interpretation ofRTS behavior may be more realistic than 
an 'absolute' interpretation. 

Interpretation of Results 

In order to place these results into perspective it is 
necessary flfSt to point out fundamental differences be­
tween this and earlier studies. Apart from using an urban 
capital series and the more flexible forms of the production 
function that it allowed, there are some interrelated aspects 
of the study that potentially are controversial. These con­
cern (1) the level of aggregation used, (2) its implications 
for the interpretation of the RTS parameter estimates vis­
a-vis agglomeration economies, and (3) the rationale for 
not placing agglomeration economies into an external, 
rather than internal, scale economy framework. 

At first glance the level of aggregation seemingly 
would dictate how the estimates of RTS should be inter­
preted. As a point of reference the only comparable studies 
that used the same level of aggregation were those of 
Shefer (1973) and Nicholson (1978). To Shefer, increas­
ing RTS meant the existence of 'urbanization' economies, 
while Nicholson merely labeled them 'urban agglomera­
tion' economies. Since there was no attempt here to 
decompose RTS into urbanization and localization econo­
mies, and neither was 'controlled' for in any statistical 
sense, the safest interpretation of these results probably is 
that of Nicholson. The interpretation by Shefer did not 
follow even the spirit of the original definition of urbani­
zation economies given by Hoover who considered them 
to be related not only to the size of the manufacturing 
sector, but to the size of ill! sectors. 

It would be tenuous at best to conclude that there are 
internal scale, localization, clustering4, or urbanization 

Table 4 

Output 
$Billion 

AllQ 
Q<2 
2<Q>6 
Q>6 

co 

Ringstad Production Function Estimates of City Output 
(t-statistics in parenthesesr 

cl da dl dz n 

.000022 -.022 2.07(18.9) .25(8.2) .80(62.0) 147 

.000200 -.078 2.85(34.6) .04(4.3) .11(7.4) 51 

.000034 -.067 3.64(384.6) .01(4.1) .03(21.1) 81 
-.000010 -.030 4.79(36.7) .70(4.5) .26(8.5) 15 

rz az 

.96 .0134 

.50 .0004 

.85 .00002 

.97 .0004 

*All reported t-statistics are signillcant at the O.Ollevel. For the left side parameters c0 and c1, it is not possible to 
compute exact t-statistics. 
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economies to any specific degree. Most likely, each of 
these is present to some extent, as several sbldies have 
shown, though their precise influence on the derived RTS 
can not be determined. If there were a direct linear relation 
between any of these types of agglomeration economies 
and the size of the overall agglomeration further specula­
tion might be fruitful, but that has not been proven. A 
complicating factor is that the industry mix is haphazard 
across regions, due to the principle of comparative advan­
tage. 

Regardless of the level of aggregation, since a 
straightforward production function approach is used here 
there is no explicit vehicle for measuring what sometimes 
are called 'external' effects. Any 'external' economies are 
assumed to be capblred by the internal scale parameter 
(i.e., RTS). Is this justifiable? Based on a recent study by 
Meyer (1977), the answeris "Yes." In his effort to clarify 
the concept of agglomeration economies Meyer states: 

once expansion of an industry has led to external 
economies urban growth resulting from expansion of 
local industry may not necessarily be due to external 
economies, although localization economies will be 
present 

He then went on to give two examples in which 

localization economies exist but there are no external 
economies so long as the low cost of production in the 
agglomeration is mediated through the marlcetmecha­
nism .... 

and concluded that 

urban growth can be based on industrial linkage 
without the presence of external economies. 

He was very critical of using the term 'external 
economies' in the context of agglomeration economies 
because he considered it to be "so imprecise as to be 
meaningless." He found that most examples of external 
economies for industrial fmns were quickly internalized 
by the market, so that a more appropriate way of thinking 
about urban agglomeration economies is as economies of 
scale, internal to the production function. Thus he substan­
tiated the view that the RTS parameter in a macro/urban 
production function can be a useful device for measuring 
the extent of agglomeration economies. 

Conclusion 

For a long time economists have assumed that there 

were efficiency advantages that accrue to firms located in 
cities. What else could explain the historical increase in 
numbers of jobs and people in urban areas? The purpose 
of this study, and of several previous studies, was to 
quantify the extent of these efficiency advantages, or 
agglomeration economies, from the industrial point of 
view. Until now, however, data limitations have notal­
lowed detailed appraisal of the changing nature of agglom­
eration economies with respect to differences in city size. 

Using a conventional production function approach, 
and couching the measurement problem in terms of the 
identification of scale economies, a startling result was 
obtained: Remms to scale were seen to be sinusoidal in 
nature, rather than constant, as previously thought. Only 

.. one other study has hinted at the possibility of such a 
phenomenon. Schaefer (19n) interpreted his results in 
terms of an urban hierarchy after he arbitrarily arranged his 
sample into seven layers, based on city size. As shown in 
his Table 2, RTS were variable and also exhibited a sinu­
soidal pattern, just as they did in this Sbldy. 

An obvious implication of such behavior in both 
cases is that there may exist not one, but two, threshold 
sizes that a city must reach before 'taking off'. On the other 
hand, this study, unlike those of Carlino and Kawashima, 
purposefully avoids the temptation to postulate an 'opti­
mal' city size, since the nablral diversity of cities almost 
certainly precludes such vain speculation. Instead, it is 
concluded that there seem to be certain empirical regulari­
ties associated with efficiency advantages of a cyclical 
nature in our system of cities. 

Admittedly, questions of causality remain unan­
swered at this point The research suggests, however, that 
economies of agglomeration may be more complex than 
originally thought and that it may be fruitful for urban 
economists to examine more closely some of the underly­
ing factors involved. The complex interaction of size­
adjustable factors related to agglomeration must be re­
sponsible for the surprising results obtained here. The 
identification and quantification of these factors appears to 
be a good area for fublre research. 

Notes 

1The few exceptions have been very limited in scope. Fogarty 
and Garofalo (1980) obtained RTS estimates for two crities, 
Philadelphia and Pittsburgh in a time-series study that used a 
Vinod production function, while Schaefer (1978) investigated 
urban areas in Saskatchewan using a translog production fimc­
tion. 

2'J'hree non-U.S. studies have used direct capital data -
Schaefer (1979), Nakamura (1985), and Henderson (1986). 
However, only Schaefer eventually employed a nonhomogene­
ous production function. Segal(1976),inastudyofU.S.SMSAs 
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used direct capital data but his collection method and results were 
severely criticized by both Moomaw (1981) and Fogarty and 
Garofalo (1980). Greytak and Blackley (1985) used fmn level 
capital data for industries in the Cincinnati SMSA. 

'Someauthorshavemadethemistakeoflabelingthisa 'VES' 
production function. However, the variation in the EOS is 
invariably never more than 1% -not great enough. in my opinion, 
to warrant such a designation. 

"The term 'clustaing economies' is used to refer to agglom­
eration economies that arise because of industry mix. Henderson 
(1986) attempted to empirically measure the extent of cluster 
economies, but without much success. 

References 

Beeson, P. '7otal Factor Productivity Growth and Agglomera­
tion Economies in Manufacturing, 1959-73," Journal of 
Resional Science. 27:2 (1987). 183-199. 

Carlino, G. A. "Declining City Productivity and the Growth of 
Rural Regions: A Test of Alternative Explanations," I2umal 
of Urban Economics. 18 (1985). 11-27. 

__ . "Ina-easing Returns to Scale In Metropolitan 
Manufacturing," Journal of Re&i<mal Science. 19 (1979). 
363-374. 

__ . "Manufacturing Agglomeration Economies as Returns 
to Scale: A Production Function Approach," Papers of the 
Re&ional Science Association. SO (1982). 89-108. 

Davidson, R. and J. F. MacKinnon. "Several Tests for Model 
Specification in the Presence of Alternative Hypotheses," 
EconometricL 49 (1981). 781-793. 

Diwan, R. K. "An Empirical Estimate of the Elasticity of 
Substitution Production Function," Indian Economic Jour­
Jlll, 12 (1965). 347-366 

Duffy, N. E. "The Determination of an Appropriate Urban 
Production Function: A Statistical Approach," Review of 
Re&ional Studies. 16:3 (1986). 42-49. 

Fogarty, M.S. and G. A. Garofalo. "Capital Stock Estimates for 
Metropolitan Areas, 1957-1977," Proceedin&s of the Thir­
teenth Annual Pittsbur&h Conference on Simulation mci 
Modelin&. University of Pittsburgh. School of Engineering. 
1982. 

Garafalo, G. A. andM. S. Fogarty. 'The Life Cycle of Cities and 
the Urban Capital Stock," Working Paper WP-3, Regional 
Research Institute, West Virginia University, April1980. 

Greytak, D. and P. Blackley. "Labor Productivity and Local 
Industry Size: Further Issues in Assessing Agglomeration 
Economies,'' Southern Economic Journal. 51:4 (1985). 
1121-1129. 

Henderson, J. V. "Efficiency of Resource Usage and City Size," 
Brown University Working Paper No. 82-14 (1982). 

---·· "EffiCiency of Resource Usage and City Size," 
Journal of Urban Economics. 19:1 (1986). 47-70. 

Hoover, E. M. The Location of Economic Activity. New York: 
McGraw Hill 1948. 

Isard, W. Location md Space Economy. Cambridge, MA: The 

MIT Press. 1956. 
Kaldor, N. 'The Case for Regional Policies," Scottish Journal of 

Political Economy. 17 (1970). 337-347. 
Kawashima, T. "Urban Agglomeration Economies in Manufac­

turing Industries," Papers. Re&ional Science Association. 34 
(1975). 157-175. 

Lovell, C. A. K. "Capacity Utilization and Production Function 
Estimation in Postwar American Manufacturing," Quarterly 
Journal of Economics. 82 (1968). 219-239. 

Meyer, D. R. "Agglomeration Economies and Urban-Industrial 
Growth: A Clarification and Review of Concepts," Re&ional 
Science Pmpectives. 7 (1977). 80-91. 

Moomaw, R. L. "Finn Location and City Size: Reduced 
Productivity Advantages as a Factor in the Decline of Manu­
facturing in Urban Areas," Journal of Urban Economics. 17 
(1985). 73-89 

----· "Have Changes in Localization Economies Been Re­
sponsible for Declining Productivity Advantage in Large 
Cities?" Journal of Re&ional Science. 26:1 (1986). 19-32. 

----· "Productivity and City Size: A Critique of the 
Evidence," Quarterly Journal of Economics. (Nov. 1981). 
675-688. 

Nakamura. R. "Agglomeration Economies in Urban Manufac­
turing Industries: A Case of Japanese Cities," Jouma1 of 
Urban Economics. 17 (1985). 108-124. 

Nicholson, N. "Differences in Industrial Production Efficiency 
Between Urban and Rural Markets," Urban Studies. 15 
(1978). 91-95 

Pesaran, M. H. and A. S. Deaton. "On the General Problem of 
Model Selection," Review of Economic Studies. 41 (1974 ). 
153-170. 

Richardson, H. W. Re&ionalGrowthTheoty.New York: Halsted 
Press. 1973. 

Ringstad, V. "Some Empirical Evidence on the Decreasing Scale 
Elasticity,'' EconornetricL 42 (1974). 87-101. 

Schaefer, G. P. "Returns to Scale and Income Distribution in 
Urban Areas in Saskatchewan", Jouma1ofRe&ional Science. 
18:3 (1978). 357-371. 

----· '7he Urban Hierarchy and Urban Area Production 
Function: ASynthesis,"UrbanStudies. 14(1977). 315-326. 

Segal, D. "Arc There Returns to Scale in City Size?" Review of 
Economics and Statistics. 58 (1976). 339-350. 

Shefer, D. "Localization Economies in SMSA's: A Production 
Function Analysis,'' JoumalofResional Science. 12 (1973 ). 
SS-64. 

Vinod, H. D. "Nonhomogeneous Production Functions and 
Applications to Telecommunications," The Bell Journal of 
Economics and M!!DA&ement Science. 3 (Autumn 1972). 
531-543. 

Weber, A., Translated by C. J. Friedrich. TheoJy of the Location 
of Industries. Chicago: University of Chicago Press. 1929. 

Zellner, A. and N. S. Revankar. "Generalized Production 
FW1Ctions," Review of Economic Studies. 36 (1969). 241-
250. 


