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L. Introduction

BUSINESS location is a subject of great inter-
est. Businessmen obviously want to kanow
where to locate their plants. State planners want to
know the best way to attract new employment to
their state. Regional economists use business loca-
tion 1o get an advance reading on the health of an
economy. Newly locating plants are respending to
current incentives in making their locational
choices and are therefore a better barometer of a
region’s future than employment at existing plants
whose decisions are obviously infivenced by their
prior locational decision,

Despite all the interest, economists know very
little about the factors influencing new business
location. (See Carlton (1979) for a survey.) Part of
the reason is undoubtedly the lack of data on new
business formation. As far as I know, Dun and
Bradstreet is the only systematic data source avajl-
able for studying new business formation. How-
ever, there have been only a handful of studies
using this data set. And only two, Schmenner
(1975) and Carlton (1979), have econometrically
attempted to model location by economic varia-
bies. Schmenner’s study looked at location within
an SMSA and failed to find much explanatory
power for his economic variables. Carlton (1979)
focused on interregional location of new single
establishment (one plant) firms and was able to
uncover some significant economic effects. I also
examined the location of branch plants in that
paper, but failed to model the size of the branch
plant. Obviously, what is of interest ig not only
where new location will occur but how much en-
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ployment will be generated. No one to my knowl-
edge has linked the two.

This paper stmultaneously models both the loca-
tion and employment choice of new branch plants
across SMSAs, The important methodological
contributions are showing that the two decisions
are linked (via duality theory) and exploiting this
link in the model estimation. A special bonus of
the methodology is that it allows for direct testing
of the independence of irrelevant alternatives as-
sumption in a logit model. The study takes special
care to use information on individual plants in
narrowly defined industries (4 digit SIC code) and
narrowly defined geographic regions (SMSAs). The
use of such disaggregate data is a distinguishing
feature of the work.

Some of the specific findings of the study are the
following:

1. the model does a very good job at predict-
ing the size of plants,

2. the wage effect cannot be measured very
precisely,

3. energy costs have a surprisingly large
effect,

4. taxes and state incentive programs do not

* seem to have major effects,

5. existing concentrations of employment
matter 4 great deal with the effect being
stronger for industries with smaller aver-
age plant size,

6. available technical expertise is likely to be
important for highly sophisticated in-
dustries.

Some of these findings (especially 4) accord with
those found by Schmenner (1978, 1982) in his
recent qualitative surveys of business location,
These findings buttress some of the results from
my previous work on branch plants which failed to
exploit the crucial link between size of firm and
location. The main result of this paper is that by
exploiting the'link between firm location and firm
size, one not only can obtain better (i.e., more
efficient) estimates of the location model, but also
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can accurately predict the crucial employment
variable.

II. The Model

Consider all firms' in a particular industry who
have decided to open one new branch plant. Each
firm will locate its branch plant where profits are
expected to be highest. Each branch plant has
associated with it a firm-location specific efiect
that differs across locations for any one firm and
across branch plants at any one location for differ-
ent firms. This specific effect reflects the unique
advantages of the location to each firm.

Suppose that the restricted profit function, =, ,
of the plant of firm { in location j is

wu=KQX](J’)"‘...X;"'(j)(expeu)N (])

where

X (/) = exogenous variables at loca-
tionj, s = 1,...,m,
Ky, N, ay,...,a,, = unknown constants, and

¢;, = firm-location specific effect.
We further assume that ¢; is independently
distributed across / and / and that ¢,; follows the
Weibull distribution (i.e.. the cumulative distribu-
tion function is exp — (exp(—¢,,})). The unknown
parameter N is that number such that the 1 /N™®
root of the specific effect follows a Weibull distri-
bution. We are thus assuming that there is some
power transformation of the value of the specific
effect that follows a Weibull distribution. The in-
dependence assumption on the ¢,’s is not an
implausible one since the possible locations studied
in the empirical work are geographically quite
distant so that common omitted variables among
close locations should not be a problem. This error
independence assumption leads to the “indepen-
dence of irrelevant alternatives” (IIA) property
(McFadden, 1974). The widespread use of models
with the IIA property stems from the computa-
tional simplicity of such models. Without the error
independence assumption the approach of this
paper would be computationally infeasible. We
will present in the empirical section a new test of
the IIA property that emerges simply from the
model under analysis,

"A firm consists of one or more branch plants. A model of
births of single establishment firms appears in Carlton {1979).
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Taking logs of (1) and dividing by N, we obtain
that

In7,, Wnk o
i e B -
¥ % +§'ArlnXk(‘])+E”,

or

Inm, ; .
T=K1+§Bkm XJ)+e,. (2)
where 8, = a, /N and K| is a constant (In K,/N).

Firm / locates in region j* provided thai profits
are highest in region j*, or equivalently . =
max m ., which is equivalent to requiring that the
right-hand side of {2) for location /* exceeds that
for all other locations. McFadden (1974) has shown
that an equation like (2) implies that the probabil-
ity that firm i locates in region j, pr(J), can be
written as

CXPZBkln X.(J)

k
EGXPZBkh’ X, (s) .
5 k

(3)

pr(j) =

It is then possible to use (3) to estimate the 8, 's
(but not N or X,) in (2) by a maximum likelihood
method, Failure to estimate N and K| means that
although the analyst could predict where a new
branch plant was likely to locate, he could not
predict the size of the new branch plant. He also
would be unable to specify whether economies of
scale were present in production. Such an ap-
proach ignores the information available on size of
plant. By utilizing this information, all the param-
eters of the profit function can be estimated, Just
like the chosen location of a firm provides infor-
mation on the values of the parameters of a re-
stricted profit function, so too does the chosen
number of people employed at the chosen loca-
tion. The two sources of information are not,
however, independent. The fact that the demand
for labor can be derived from the restricted profit
function means that any error ¢,,. which was re-
sponsible for location f* 1o be the preferred loca-
tion 1s also going to influenice the amount of labor
demanded. This means that a modeling of the
joint decision of where to locate and how much
labor to employ is necessary.

The demand for labor by firm { at location j,
L,(j) can be obtained by differentiating the re-
stricted profit function with respect to the wage
and multiplying by — 1. If X| s labor’s wage, then
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plants, while the other contains information on
region specific economic variables,

Using Dun and Bradstreet data, a data set on
new branch plants was created for 1967-1971.¢
The Dun and Bradstreet data provide information
on location, employment and primary four digit
SIC codes (see Leone (1972) for further details) for
manufacturing plants. Since there is no compara-
ble data source, it is difficult to check the accuracy
of the Dun and Bradstreet data. Based on some
aggregate checks with Census data (Allaman, 19735),
it appears that the Dun and Bradstreet data, though
not flawless, are reasonably accurate.

In choosing the industries to study, several
criteria were used. First, the industries could not
be tied to their location by local supply or demand
factors. Transport costs had to be low enough for
the industries to produce for a national market.
Second, there had 1o be a great deal of new birth
activity in these industries during the time periods
studied. Third, there had to be a diversity among
the industries in their intensity of energy use.
Finally, there had to be diversity among the in-
dustries in their technological sophistication.

The first criterion is important because it is very
difficult to obtain accurate measures of local supply
and demand. Moreover, industries which are
strongly tied to their location are not the ones
whose location can be influenced by policy. Based
on the above criteria, the following three SIC
codes were chosen for intensive study: Fabricated
Plastic products (3079), Communication Transmit-
ting Equipment (3662), and Electronic Compo-
nents (3679).

All three SIC codes chosen appear to ship over
50% of their output long distances (i.e., over 300
miles).” It was hoped that by choosing such SIC
codes, the firms would be oriented to a natjonal or
regional product market, rather than a local one.

If we use 1967 Census of Manufactures data 1o
measure the importance of energy consumption as
the ratio of energy cost (purchased fueis plus

“T am grateful to R. Leone for providing these data,

*Source: Census of Transportation. 1967, The Census omits
transport information on small planis and lacally shipped
output. Thercfore, although Census data suggest that transport
costs should matter little, I felt it important to develop indices
reflecting proximity of each SMSA to demand and Suppiy
centers for each industry analyzed. The indices were based on
nileage charts, input-output tables, and Census of Manufaciures
data (see Carlton (1979)). Their inclusion in the logit location
maode! {Carlton (1979)) never produced significant results.
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electric energy) to value added (using value of
shipments would produce the same result), then
SIC 3079 is a larger user of energy than SIC 3679,
which in turn is a larger user of energy than SIC
3662. (The energy consumption ratios are 0.028,
0.008, 0.013 for SICs 3079, 3662, 3679, respec-
tively.) The energy consumption ratio of U.S
manufacturing, excluding SICs 28 and 33, is about
0.022. (For the purposes of this paper, it makes
sense to exclude SICs 28 and 33 from the calcula-
tion because these industries are very large energy
users and few new plants enter these industries.)
Analysis of 8IC 3079 and 3679 will provide us

. with an idea of how sensitive are the locational

choices of a likely above average and below aver-
age energy-using new firm to differences in energy
costs. Based on the small importance of energy in
SIC 3662, energy costs are likely to be of small
consequence in explaining location for this in-
dustry,

The technological sophistication of SIC 3662 is
greater than that of either SIC 3079 or 3679,
Analysis of SIC 3662 will shed light on the impor-
tance of a highly skilled pool of local talent n
influencing new plant locations in high technology
industries. The size distribution of the firms is
fairly smooth in all three SICs except for SIC 3662
which seems to have “too many” small plants
clustered in the 0- 10 employees interval relative to
the number of large plants with over 200 ¢m-
ployees. The concentration of the largest plants is
heaviest in SIC 3662 where about 24% of the
plants have over 200 employees (in contrast to 7%
for SIC 3079 and 14% for SIC 3679).

In constructing the SMSA-wide data base, the
choice of SMSAs was constrained by data availa-
bility. For each industry, we tried to obtain data
on any SMSA that had reported data to the Census
on man-hours in the relevant four digit SIC code
(data are not reported if the value is very low), The
data set created contains those SMSAs in which
about 70% of all branch plant births occurred in
the industries under study. In the data set used for
estimation, there are 39 SMSAs for SIC 3079, 24
for SIC 3662 and 26 for SIC 3679,

Whenever data are available yearly, we use the
average (deflated, if relevant) value of the variable
over the relevant time period. When SMSAs over-
lap state boundaries, and data are reported only at
the state level, weighted averages are formed for
the SMSAs, with the weights proportional to the
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TABLE |. —ECONOMETRIC ESTIMATES
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SIC 3079 SIC 3662 SIC 3679
A B A B A B
W -0.57 -0.36 - 1.61 - 1.61 -{.29 -0.29
(—1.06) (—-0.74) (—0.88) {—0.88) {(—0.94) {—0.43)
ENG -020 -0.21 0.63 0.63 — —
{(—1.73) (—2.00) (3.19) (3.30)
NG -0.49 -0.82 1.24 1.24 0.89 0.88
{~1.44) =13 (L70) (1.67) (1.99) (1.55)
ELP - 166 -148 ~2.39 -239 -223 -223
(-540) (—3.65) {(~372) (—4.00) (~547)  (—487)
TR — —4.86 — 09E — 5 — 03E-9
(- 187 (0.39 (0.07
PT — 0.004 - —~04E -3 — 06E -6
(0.08) (—0.34) (0.25)
u 1.28 1.18 —-162 - 162 —2.00 —2.00
(2.86) (2.78) (- 16D (— L.60) (=350 (—3.44)
M- 1.58 1.53 0.49 0.49 1.09 110
(1.76} (8.14) (1.93) (1.9 (9.60) {9.50)
K 15.63 16.62 5.20 5.20 7.59 159
{5.04) (4.08) (1.17) {1.40) (2.88) (2.23)
N 1.45 1435 1.20 1.20 1.60 1.60
(23.00 (23.00) (11.38) (11.59) (16.75) (16.72)
£ —1.4916E3 -~ 1.4896E3 —3767E2  —-3.767E2 -7521E2 -7.521E2
NOB 290 290 84 84 153 153
Note: rratios 1n parentheses.
Variables:
W= average wage (log) of SIC 30 or SIC 36
ENG = engingers (log)
NG = nawral gas price (log)
ELP = electncity price (log)
TR = 1 - weighted average of state corporate and income tax {log)
PT = | + property tax rate (log}
U= unemployment rate ~ average unemployment rate (log) Q

M = man-hours in production (log) in SIC 3079, 3662 or 3679
K, N = censtants related to firm size and economuies of scale (sce section 11 for further details)
£ = log likelihood value (excluding combinatoral constant)

NOB = number of chservations,

specification B includes them. For SIC 3679, the
specifications do not include engineers as a varia-
ble. The maximum likelihood routine had difficulty
converging with engineers in the specification, and
when the maximization algorithm finally con-
verged the coefficients on the wage rate and en-
gineers were both of the incorrect sign, insignificant
and near zero. The results (available on request)
from a simple logit estimation of the mode!® indi-
cate that the coefficient on the engineers variable
was statistically insignificant and very small for
SIC 3679. Therefore, exclusion of the variable
engineers from the specification for SIC 3679

* Recall the simple logit docs not use information on size of
plants, and is unable to estimate ¥ and K.

seemed justified." The results presented for SIC
3079 and SIC 3679 are based on all firms in the
sample. For SIC 3662, the results are based only
on firms larger than ten emplovees. The discussion
in section II noted that SIC 3662 had a peculiarly
shaped distribution of firm size at the low end
suggesting that the smallest firms should not be
regarded as having the same technology as the
larger firms. The results based only on larger firms
produced much more reasonable results in that the
wage coefficient assumed a negative rather than an
(insignificant) positive value. All other coefficients

1 The coefficients of the variables other than wage rate were

very similar to those reported in table 1 when engineers was
included in the specification.
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easy to recruit labor, but may be undesirable be-
cause it could reflect a low local demand for the
product. For SIC 3079, the variable enters posi-
tively and significantly, while for SIC 3662 and
3679 it enters negatively, though it is significant
for only SIC 3679.1¢

The tax variables are often of the wrong sign.!”
usually very small and always statistically insignifi-
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effects. If taxes are used to finance highly valued
local public goods, then workers could be attracted
to an area with high taxes, wages will fall and new
births will be stimulated by the drop in wages.
Therefore. even if taxes have no direct impact on
new births, it would not be true that taxes do not
affect new birth activity.

pecification A in table 1 shows what happens

cant. The failure of taxes to show up as an im-
portant influence on location is consistent with
previous findings of Schmenner (1975, 1978, 1982)
and Carlton (1979).

It is difficult to understand why taxes do not
matter more strongly in influencing locational
choice, especially in view of the frequent public
clamorings of business against taxes. One possible
explanation is that because of immobilities of
certain factors of production, taxes are totally
borne by factors of production in terms of lower
remuneration. For example, if physical capital is
immobile it would bear the burden of the taxes in
terms of lower rates of return. Since the (gross)
price of capital is not included in any of the
estimated equations (it was implicitly assumed to
be constant across the country), it is possible that
variations in the gross price of capital exactly
offset tax disadvantages. In such a case, taxes
could have little or no effect on location.

Another possible explanation for taxes not being
a significant determinant of new births is that
taxes are used to purchase services for industry. If
benefits cancel costs, taxes will not appear to
matter. This explanation is not convincing because
a large fraction of state and local taxes are not
used to provide business services but rather to
provide public goods for consumers.

A final explanation for the poor performance of
tax variables is that the average tax rate in an
SMSA is a poor proxy for the actual tax paid.
Special tax deals for new firms may cause the
actual tax rate to differ substantially from the
average tax rate of the SMSA.

It is quite possible that taxes could have little
direct influence on new births but large indirect

* Estimation omitting the variables ENG and U from speci-
feation 4 was performed to their exclusion would
drastically affect the other coefficients. The results were not
materially affected with two possible exceptions. For SIC 3662
the coefficient on M rose to 1.1 and for SIC 3679 the cocfficient
on W kel o —1.70
Recall the coeflicient of 7R should be positive. while that
of PT should be negative.
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simultaneously predicting location and employ-
ment. The methodology—in particular the analyti-
cally tractable likelihood function—should “be
applicable generally
lems in which the
related via duality th
tion (e.g.

to discrete-continuous prob-
continuous variable can be
 du: cory 1o the underlying func-
+ Indirect utility, Profit or cost function)
which generates the discrere choice decision.

REFERENCES
Allaman. Peter. “Using e Dun ang
escarch on Reglonal Economic Developmenc <
ch on enc” Inter.
axca Migration Project Working Paper 4, MIT-Harye s
Joint Ceater for Urban Studice {1976
Amenits, Tekes,“Regession Analyss whan the Depende
e Is Truncated Normal, 7
Vit rmal,” Economerriea 41 (1973).
Carlion, Denis, “Births of Sin i i
B ingle Establishment Firms
Regions] Vasiation in Economic Costs Paper 3. fo
port 7725 Center for Mathematical Studies 1o Bugines
e Economie. Universiy of Chcago 1977
- Why New Firms Locate Where They Do: An Econ
- . : o
e Modd in W. Wheaton (od). niregions
Movements and Regional Growih (Washingt :
Duncan e Urban Insuc, 1979, 1350, e
uacas. Gregory, *Formulation and Statsical Analy
¢ i lysis of the
Mixed. Continmous, Discrete Deptndent Varshls Moo

Bradstreet Data for

Hausman. Jerry,

Hausman. Jerry, and David Wise,
Jorgeason. Dale, * Th

Bi
Kendall, Maq
Leone, Robert, “The Role of Data Av,
McFadden. Daniel, “Congiti
1974), 105-142
myk,

Schaenner, Roger, “City Taxes and Indust

to the estimated coefficients if tax variables are
omitted. As the table makes clear, most coefficients
are only slightly altered between specifications A
and B.

The variable measuring business climate (BCL)
was also entered in the specifications. In none of
the industries did this variable enter positively or
significantly.”® We find no support for the view
that a favorable “business climate” alone can sub-
stantially stimulate new locational activity for
branch plants.

One specification test of the model would be to
test if the coefficients of a simple logit location
model are the same as the relevant coefficients in
table 1 of the more elaborate model. Unfor-
tunately, this Hausman (1978) test cannot be per-
formed because the relevant variance-covariance
matrix of the di in the esti d
turns out not to be positive definite. An alternative
crude way to perform the same test is to see how
the likelihood value in table 1 would change if we
evaluated it using the coefficients of a simple logit
(and reoptimized over N and K). The answer is
that the likelihood values change hardly at all,
suggesting (not statistically proving) that the
coefficients of the simple logit and those in table |
are the same.

Another specification check involves testing the
error ind p (independ of
irrelevant altematives). In usual logit models it is
difficult to test directly this assumption because
the errors cannot be estimated—only the loca-
tional choices can be observed. Here, however, it is
possible to exploit the labor demand relation and
use the estimates in table 1 to construct the errors.
1f the model is correct. the ¢'s should follow the

" The coefficients for SIC 3079, 3662 and 3679 of BCL were
\t-ratios in parentheses)
5. - 11,-.04

(-12) (~15) (1.03)
(The -ratio for the last coefficient is calculated by a likelihood
ratio test.) The ather cocfficients were virtually unchanged from
those in table |

449

in Classical Production

in Qs Theory.” Econometraca 48 (1980),

Specification Tests i

omeirica 46 (1978), 1251-1273

“A Conditional Probit Model

for Qualitative Choice Models: Discrete Decisions .

osnizing Interdependence and Heterogencons Prefer.
26,

0 Econometrics,” Econ.

ences,” Econometrica 46 (1978), 403—4;
ok e R
et of Economie RcS;caré‘h, 196, Tap 5 Nasonal
] an Stuart, The Ade, .
S o 8 ey (v Yok et
politan Workplace Studics.” A:L'ZZ"‘,,‘} B aourametto.
Social Measurement 172 (1972), 171-182. mic and
Choice Behavior.” onal Logit Analysis of Qualitative

chapter 4 in Paul Zar
Frontiers in Econometrics (New York: g ocs Frar

vk William, “Energy and Re
k. William, 5 gional Devel »
Virginia University, mimeo, 1981+ 700 Vest
5y Location,” un-
published paper, Harvard Business School, 1975 "
 “The Munufacturing Location Decision; Evidence
from Cincinnati and New England,” Econormic. Derey
opment Reseasch Reort, 1375
. Making Business Location D: ‘ i
3l Brsmess Locatn Decsions (Englowood Clits,



