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1 Introduction

The location of economic activity spawns a large empirical literature. A
central concern of urban and regional economists, location studies inform
important public policy debates; for example, by addressing the contentious
issue of spatially targeted tax incentives used throughout the world to pro-
mote economic development.! Firm and industry location research also
attracts economists interested in the spatial distribution of foreign direct
investment, where countries, not cities or regions, form the location choice
set.? Increasingly, the literature has turned to model location decision prob-
abilities against many spatial choices, just as firms face when making actual
site selection decisions. Discrete choice econometric advances have comple-
mented the increasing availability of more accurate micro data sets.

From a theoretical standpoint, interregional and international location
issues remain alive as well. Location has been a principal feature of urban
and regional theory since European scholars of the early 20th century, no-
tably August Losch and Alfred Weber, began to develop models grounded
in least-cost, optimal choice behavior. Over the years theoretical models
have incorporated agglomeration or spatial externalities along with tradi-
tional costs like wages and transportation. The “new economic geography”
that emerged in United States during the early 1990s revived old questions
about location dynamics and the influence of firm site selection decisions on
growth and development. Agglomeration economies were recast in formal
models advanced by some of contemporary economics’ most prominent the-

orists and prolific writers [Krugman (1991a, 1991b), Porter (1994), Arthur



(1994), Venables (1996), Hanson (1997), Krugman (1998); for a critique see
Martin (1999)].

Given extensive analysis and enduring relevance, the underlying determi-
nants of the firm and plant location decision should be well established. We
should know a lot about the relative importance of economic factors (such as
transport costs, wages, and agglomeration economies) vis-a-vis policy influ-
ences (infrastructure provision and tax incentives). But the results of this

3 Moreover, the basic

vast empirical literature vary widely across studies.
questions keep getting recast in different models. Is agglomeration really
the dominant force in location that theory would predict? Which industries
are more influenced by labor, energy, or transport costs? What is the real
efficacy of tax incentives on location? Almost invariably, the motivation for
the research is that major questions remain unanswered.*

Clearly, a systematic approach to location modeling has not been found.
One problem is that the spatial scale tested in the empirical literature ex-
tends from neighborhoods to nation states. In any case, proper location
modeling requires highly disaggregated, microlevel industrial and spatial
data. The underlying research program should have a clear microfounda-
tion and conform with actual firm decision making—ideally based on micro
data sets that reflect detailed information about local areas, which then
can be nested in decision models that look at the determinants of larger
areas. Statistical advances and computer applications make testing large

micro data sets feasible.

The most appealing approach to empirical location research was pio-



neered by Carlton (1979, 1983), who tested the probability that a branch
plant (in one of three narrowly defined industries) would chose a metropoli-
tan location in the United States. This seminal work established the method-
ological basis for the subsequent applied location research reviewed through-
out this paper. Carlton’s significant and lasting contributions were two-fold.
First, his work was based on a rich micro data base that focused the loca-
tion decision problem on narrowly defined industries and geographic areas.
Second, Carlton applied a discrete choice (conditional logit) model, open-
ing up a new paradigm in applied location research. The paper suggested
that location decision probabilities could be modeled in a partial equilibrium
framework, following a logical and verifiable economic process that results
from profit maximizing behavior across spatial choices.

This paper will argue that problems arose in the aftermath of Carl-
ton’s path-breaking work. These problems hindered further progress and
refinement in an otherwise promising line of research. Major econometric
drawbacks arose when the model had the decision maker (the firm) facing
complex choice scenarios with many spatial alternatives. Moreover, follow-
ing Carlton’s logit approach, researchers had to confront the Independence of
Irrelevant Alternatives (ITA) assumption, which, in a spatial context, states
that decision makers look at all locations as similar, after controlling for the
observable characteristics tested in the model.

In the following we contend that the Poisson regression is a tractable
solution to these problems. In fact, we demonstrate that the coefficients

of the conditional logit can be equivalently estimated using the Poisson



regression. As a consequence, the Poisson regression is compliant with the
Random Profit Maximization framework. At the same time, it easily handles
the above mentioned problems of Carlton’s logit approach to the location
decision problem. Thus, the Poisson regression could be established as the
basis for the new work that seeks to exploit micro data sets, more likely to
be obtainable as more information about location is provided by government
statistical agencies.

The rest of the paper is comprised of three sections. The following
reviews the discrete choice model and attendant problems when applied
to location. Section 3 then explores the relation between the conditional
logit model and the Poisson regression. Section 4 offers some concluding

comments and points to directions for future research.

2 The Discrete Choice Model

The discrete choice model is now well established as the prevailing em-
pirical method underlying industrial location studies. This modelling ap-
proach was first implemented when Carlton (1979) realized that McFad-
den’s multinomial logit model could be easily adapted to the firm location
decision problem. Most subsequent research on this topic has relied on the
discrete choice methodology [e.g. Carlton (1983), Bartik (1985), Luger &
Shetty (1985), Hansen (1987), Schmenner, Huber & Cook (1987), Coughlin,
Terza & Arromdee (1991), Woodward (1992), Friedman, Gerlowski & Silber-
man (1992), Head, Ries & Swenson (1995), Guimarées, Rolfe & Woodward

(1998), Guimaraes, Figueiredo & Woodward (2000)].



The popularity of this approach resides in the fact that the result-
ing econometric specification is obtained directly from the Random Util-
ity (Profit) Maximization framework developed by McFadden (1974). If we
consider the existence of J spatial choices with j =1,...,J and N investors
with ¢ = 1, ..., N, then the profit derived by investor i if he locates at area j

is given by
Tij = B2 + €ij (1)

where 3 is a vector of unknown parameters, z;; is a vector of explanatory
variables and g;; is a random term. Thus, the profit for investor ¢ of locating
at 7 is composed of a deterministic and a stochastic component. The investor
will choose the area that will yield him the highest expected profit.

If the €;; are independent and Weibull distributed, then it can be shown

that

exp(B%ij)
ST exp(Bzij)

(2)

Pij =

where p;; is the probability that investor ¢ locates at j. If we let d;; =1 in
case individual ¢ picks choice j and d;; = 0 otherwise, then we can write the

log-likelihood of the conditional logit model as

N J
log Lcl = Z Z dl'j log Pij- (3)

i=1 j=1

In practice, the application of this approach to industrial location stud-



ies poses several questions. The first one is related to the spatial choice set.
Several authors [Bartik (1985), Coughlin, Terza & Arromdee (1991), Fried-
man, Gerlowski & Silberman (1992), Friedman, Fung, Gerlowski & Silber-
man (1996), Head, Ries & Swenson (1995)] have modelled location choices
among highly aggregated regions such as U.S. states, large geographic units
that encompass substantial heterogeneity within themselves. Ideally, narrow
areas should be used because factors usually identified as relevant for loca-
tion decisions (such as agglomeration economies, labor market conditions,
or the cost of land) apply to a local level and consequently they can not be
adequately accounted for when the model considers large areas in the spa-
tial choice set.” This problem was recognized by the pioneers of empirical
location studies such as Carlton (1983), who used very narrowly defined geo-
graphic regions in the United States®, and Hansen (1987), who used cities in
the S&o Paulo state in Brazil. Woodward (1992) used separated conditional
logit models to test location decisions in both states and counties across the
United States. More recent studies [Guimaraes, Rolfe & Woodward (1998),
Guimaraes, Figueiredo & Woodward (2000)] resumed the narrowly defined
spatial choice set approach.”

An econometric difficulty raised by the use of narrowly defined regions
has to do with the handling of large choice sets. In this case it becomes
cumbersome to estimate a conditional logit model. In the past some re-
searchers [Hansen (1987), Woodward (1992), Friedman, Gerlowski & Silber-
man (1992), Guimaraes, Rolfe & Woodward (1998), Guimaraes, Figueiredo

& Woodward (2000)] have followed a suggestion given by McFadden (1978),



in which the logit model could still be estimated by using smaller choice sets
which were randomly selected from the full choice set. The estimators will
still be consistent but not much is known about its small sample properties
which may be very different from the asymptotic ones. Clearly, they should
be less efficient because they disregard useful information.® An additional
drawback of the estimates obtained by sampling alternatives is that they
cannot be independently replicated.

A second problem of the conditional logit model has to do with the In-
dependence of Irrelevant Alternatives (IIA) assumption. Conditional logit
models rely on the idea that the g;; are independent across individuals and
choices and consequently that all locations are symmetric substitutes after
controlling for observable characteristics. While some researchers have sim-
ply ignored this potential problem others have controlled for the existence
of unobservable correlation across choices.® Hansen (1987), Ondrich & Wa-
sylenko (1993) and Guimarées, Rolfe & Woodward (1998) have estimated a
two-step limited information nested logit while other authors such as Bartik
(1985), Woodward (1992) and Luker (1998) have controlled for the ITA by
introducing dummy variables for larger regions. However, both approaches
are only valid if we are willing to assume that IIA holds within subsets of
the choice set (lower level nests for the nested logit and larger regions for
the dummy procedure).

Another problem often cited in the literature is related to the common
problem that no investment decisions are observed in some particular areas.

While this is not an issue from an econometric standpoint, it is a practical



problem in the sense that existing software may require that all choices be se-
lected. This has led some authors to drop spatial choices from their data set
[Woodward (1992), Head, Ries & Swenson (1995), Luker (1998)], throwing
away useful information. Others, in response to this problem, approached
the location problem differently, applying “tobit” regression to the number
of investments in a given region [Smith & Florida (1994), O’hUallachéin &
Reid (1997)]. Although “tobit” is a common alternative to deal with the
“zero problem,” it is hardly justified in this location context. Importantly, it
lacks a theoretical underpinning such as the Random Utility Maximization
framework. Also, the dependent variable is discrete and the zero observation
is a natural outcome of the variable being modelled.

In the following we show that an equivalent approach to the conditional
logit model is the Poisson regression. As it turns out, the Poisson regression
will produce exactly the same results as the conditional logit model. More-
over, under certain circumstances, present in industrial location decisions
studies, the Poisson regression is substantially simpler to implement given
that it naturally handles the “zero” and the “large choice set” problems. We
also show that the fixed-effects version of this model can be used to more
effectively control for the potential IIA problem resulting from unequal sub-

stitutability of elemental spatial choices.



3 The Relation between the Conditional Logit Model

and the Poisson Regression

A well-known relation between the Poisson and the multinomial distribu-
tion (Johnson, Kotz & Balakrishnan 1997) states that if X1, Xs, ..., X s are
independent Poisson random variables with expected values A1, Mg, ..., As,
respectively, then, conditional on 2;21 X; = N, the joint distribution of

X1,Xo, ..., Xy is multinomial with parameters (N;pi,ps,...,ps) where pj,
Aj
Z}'I:1 Aj ’

is clear that if the usual parametrization for the Poisson model is used,

It

the probability of occurrence of event j, is given by p; =
Aj = exp(a+ Bz;), then p; reflects the conditional logit specification.®
We will explore this relation and verify how it applies to the cases com-

monly dealt with in the industrial location literature.

3.1 Case 1: z;; = z;

Let us start by assuming that individual decisions are based exclusively in a
vector of choice-specific attribute variables common to all decision-makers,
as in Bartik (1985), Coughlin, Terza & Arromdee (1991), Woodward (1992)
and Guimaraes, Rolfe & Woodward (1998). In this case, z;; = z; and so the

log-likelihood for the conditional logit model equals,

N J J
log Lo =Y Y dijlogpi; =Y njlogp;, (4)
j=1

i=1 j=1

where n; is the number of investments placed in location j.



Alternatively, we can let the n; be independently Poisson distributed

with,

E(nj) = \j = exp(a + (%z;) (5)

then we can write the log-likelihood function as,

Mk‘

logLp = [—Aj +njlog () —log (n;1)]

1

<.
Il

I
Mk‘

[—exp (o + BZ;) + nj (o + Bz;) —log (ny!)] .
1

<.
Il

From the first order condition with respect to a we obtain,

J
Olog L
ng Z i —exp(a + Bz;)] =0

and so,

N

) = ST B

If we replace a back into the log-likelihood we obtain the concentrated

log-likelihood,
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J
logLp, = —N+ Nlog(N Zn] log Zexp Bz;) | +
= 7j=1
J
+y 1Bz — Zlog (n3!) (6)
j=1 j=1
J
= anlogp] N + Nlog (N Zlog (n;!).
7j=1

The first term in the expression is the log-likelihood of the conditional
logit model and the additional terms are constants. Consequently, the esti-
mates obtained for 3 are the same in both models. The estimated covariance
matrix will also be identical in both models provided the estimator is the
negative inverted of the empirical Hessian (Davidson & MacKinnon 1993).

Thus, we can conclude that results such as those obtained in Bartik
(1985), Coughlin, Terza & Arromdee (1991) and Woodward (1992) could be
identically obtained by running a simple Poisson model with the number of
investments in each location as a dependent variable and z; as explanatory
variables. It is also now evident that the zero observations constitute no
problem and could have been considered in the estimation procedure. It
should also be clear that the estimation of the lower level nests in Woodward
(1992) and Guimaraes, Rolfe & Woodward (1998) would have benefited if the
authors had considered the Poisson regression approach as an alternative to
the random based technique to overcome the large number of choices. Note
also that our result shows that the number of choices in the conditional logit

equals the number of observations in the Poisson regression. Since from a
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purely statistical point of view a larger number of observations (choices)
is desirable, the statistical evidence offered by studies that have modelled
location choices among highly aggregated regions [such as Bartik (1985) and

Coughlin, Terza & Arromdee (1991)] is limited.

3.2 Case 2: z;; =1z, withg=1,2,...,G

Next consider a more complex approach in which each location decision is
based in a vector of choice-specific attribute variables common to groups of
individuals. In that more general case z;; = z;4, with g = 1,2, ..., G, where G
is the number of different groups of investors. This modelling approach was
followed in Hansen (1987), Friedman, Gerlowski & Silberman (1992), Head,
Ries & Swenson (1995) and Guimardes, Figueiredo & Woodward (2000).
Hansen’s (1987) specification includes choice specific explanatory variables
that also change with the two-digit manufacturing sector of the investors
while in Friedman, Gerlowski & Silberman (1992) the explanatory variables
are grouped in three distinct time periods according to the date of the in-
vestments. In Head, Ries & Swenson (1995) and Guimaraes, Figueiredo &
Woodward (2000) studies investors are grouped in both dimensions, time
periods and industrial sectors.

In this second case, the log-likelihood for the conditional logit model is

given by

N J G J
log L = szij log pij = Zang log pjig (7)

i=1 j=1 g=1 j=1
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where n4 is the number of firms from group ¢ that select location j.
Alternatively, we can let the n;, be independently Poisson distributed

with

E(njq) = \jg = exp (adjg + B7jg) (8)

where [a, 3] is the vector of parameters to be estimated and dj4 is a vector
of G dummy variables each one assuming one if the observation belongs to

group ¢. Consequently, the log-likelihood for the Poisson model is

Iong =

Ma
Mkl

[—Ajg + njglog (Ajg) — log (m4!)]

Q
Il

—
<
Il

—

[—exp(adjg + B7j4) + njg (ad;jg + Bzjg) — log (nj,!)]

I
. MQ.
'M“

Q
Il

—
<
Il

—

From the first order conditions with respect to the ags we obtain

along

J
Z njq —exp(ag + Bzj,)] =0

g
J "
Zj:l exp(Bzjg)’

Now, we can “concentrate-out” the ays to obtain

and so, exp(ay) = where we let ng = Z‘jjzl Njg-

G J

longC=ZZnngogpjg N—{—anlog ng) ZZlog njg!)
g=1j=1 g=1 g=1j=1

(9)

Again, the Poisson concentrated log-likelihood is identical to the log-
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likelihood function of the conditional logit model plus a set of constants. The
estimates obtained from any of the two models are equivalent. Hence, the
above comments regarding the use of the random procedure, the discarding
of zeros, and the modelling location choices among highly aggregated re-
gions apply equally well to this second case.!’ Thus, many previous studies,
including Hansen (1987), Friedman, Gerlowski & Silberman (1992), Head,
Ries & Swenson (1995) and Guimardes, Figueiredo & Woodward (2000)
would also have benefited if they had considered the Poisson regression as

an alternative to the conditional logit model.

3.3 Case 3: Controlling for the ITA Violation

Typically, industrial location researchers have focused on the potential prob-
lem caused by the existence of unobserved correlation across elemental choices
that can generate a form of the ITA violation.!? Train (1986) shows that
adding alternative specific constants for each individual choice enables the
use of the logit specification in the presence of the above mentioned type of
ITA violation. This can be justified if we assume that the ITA problem is
motivated by the existence of unobservable choice characteristics. As indi-
cated in the introduction, some studies, in line with this suggestion, have
introduced dummy variables for groups of elemental choices'3. However, this
approach is not satisfactory because it assumes that the ITA assumption still
holds within the defined groups. As shown in Train (1986) to more effec-
tively control for the potential violation of the IIA assumption one should

include a dummy variable for each individual choice. This amounts to a

14



specification of the following type,

Tjg = Vig t¢jg = 0j + Bzjg + €jg (10)

where the ;s are alternative specific constants introduced to absorb factors
which are specific to each particular choice. In this case all explanatory
variables (observable or non-observable) that only change across choices (i.e.
of type z;) are absorbed by the alternative specific constants. However, in
the presence of a large choice set the implementation of this suggestion is
impractical because of the large number of parameters to be estimated. On
the other hand, in light of the relation shown above (Case 2) it becomes clear
that the alternative specific constant is a fixed-effect in a Poisson regression
model. Thus, as shown in Hausman, Hall & Griliches (1984), the [a, 3]
vector can be estimated regardless of the number of 6; parameters by running

a Poisson regression with expected value equal to

E("jg) = Ajg = exp (ddjg + Bz + 53’) (11)

That is, the above problem can be modelled as a Poisson regression with
fixed-effects (the ¢;s) where we include as explanatory variables the z;, as

well as a dummy variable for each group (the d;,).'"
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4 Conclusion

This paper demonstrates that the Poisson regression is an equivalent ap-
proach that offers some advantages to the commonly used conditional logit
location model. Actually the coefficients of the conditional logit model can
be equivalently estimated using a Poisson regression. Most recent empirical
studies of industrial location decisions could have benefited if the authors
were aware of this relation. Moreover, this discovery may prove particu-
larly useful for further research in partial equilibrium location modelling.
The increasing availability of detailed micro data sets will probably stimu-
late studies using more narrowly defined choice sets, since from a theoret-
ical standpoint the use of small areas is desirable. In fact, factors usually
deemed relevant for location decisions (such as agglomeration economies, la-
bor market conditions, or the cost of land) apply to a local level and cannot
be adequately accounted for when the specified model only considers large
areas in the spatial choice set. Yet, in the presence of large choice sets,
it becomes cumbersome to estimate the conditional logit model. In prac-
tice estimators based on existing methods to accommodate large choice sets
within the conditional logit model are not efficient. The Poisson regression
offers a tractable alternative that will produce exactly the same results as
the conditional logit and easily handles the “large choice set” problem.

As demonstrated in this paper the use of narrowly defined areas is also
desirable from an econometric point of view because increasing the number of
choices in the conditional logit model is equivalent to increasing the number

of observations in the Poisson regression. Thus, our result also shows that
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the statistical evidence supplied by most of the major past studies is limited
since they have modelled location choices among highly aggregated regions.
Consequently, a new generation of studies using the more detailed spatial
data set currently available is necessary.

An econometric difficulty raised by the use of narrowly defined regions
results from the fact that if the ITA violation occurs it is more likely to be
relevant when dealing with small geographical units. However, in the mod-
elling approach of the more complex and general of the two cases commonly
dealt with in the industrial location literature (Case 2), the fixed effect ver-
sion of the Poisson regression can be used to more effectively control for the
potential IIA violation resulting from unequal substitutability of elemental
spatial choices.

This paper has focused on the firm location decision problem. However,
our results may prove equally useful in applications to other problems when-
ever the logit model is required. At the same time, we indirectly show that
the coefficients of the Poisson model can be given an economic interpretation

compatible with the Random Utility (Profit) Maximization framework.
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Notes

'Recent urban/regional incentive studies include Anderson & Wassmer
(2000) and Fisher & Peters (1999). For a useful topology of location incen-
tives and promotion policies see Bartik (1991). The author was also an early
contributor to the conditional logit location modeling exhaustively reviewed

in this paper (see Bartik (1985)).

2 A succinct review of the foreign direct investment literature can be found

in Caves (1996).

3Studies that have highlighted these conflicting results are, for example,
Schmenner, Huber & Cook (1987), Coughlin, Terza & Arromdee (1991), On-

drich & Wasylenko (1993) and Guimaraes, Figueiredo & Woodward (2000).

4Ample examples of this can be found in this Review. Carlton (1983,
p. 440) writes ”economists know very little about the factors influencing
new business location.” Refering to the determinants of foreign direct in-
vestment in manufacturing, Coughlin, Terza & Arromdee (1991, p. 675)
voiced a similar concern. For a more recent location study in this Review,

see Friedman et al. (1996).

5Consider for example the state of California. If the large number of firms
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choosing to locate in this state are drawn by the agglomeration economies
of Silicon Valley, a model that considers the state as the unit of decision
could be unable to pick up the influence of state agglomeration economies.
This would happen because the effect of the local agglomeration economies

was diluted in the state variable.

6Carlton (1983) modelled the location probabilities for 3 industries de-
fined at 4-digit SICs using SMSAs as the spatial choice set. However, he
restricted the alternatives to ”those SMSAs in which about 70% of all branch
plant births occurred in the industries under study” (p. 443). This restric-
tion constrained the number of spatial choices to 39 for SIC 3079, 24 for SIC

3662 and 26 for SIC 3679.

"The increasing availability of micro data sets will probably stimulate a

surge in studies using narrowly specified choices.

8Train (1986) also notes that the estimator based on a subset of alterna-
tives is not efficient. The same logic applies to the estimates based on the
aggregation of alternatives [see McFadden (1978) or Ben-Akiva & Lerman
(1985)]. This solution was initially proposed in the context of industrial lo-
cation decision studies by Bartik (1985) who justified the choice of states as

resulting from the aggregation of the true alternatives considered by firms.
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9Note that if this problem occurs it is more likely to be relevant when
dealing with small geographical units. For example, one would expect two

adjacent counties to be closer substitutes than two adjacent states.

0However, « cancels out of the expression and can not be identified.

HNote that in case 2 the number of observations in the Poisson regression

equals the number of choices (/) times the number of groups (G).

121t is also conceivable that unobserved characteristics of the choosers

might make some choices closer substitutes for certain investors.

13For example, groups of states in a state choice set analysis.

141 practice, for identification reasons, one of the « coefficients has to be

normalized to zero.
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