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Abstract

A model of employment location, which was developed and applied to
Bogota, Colombia, in an earlier World Bank research project, was
estimated with a fresh set of data obtained from a sample survey of
manufacturing establishments in the Seoul region. The results from the
Seoul data are much more robust than those of Bogota and strongly
support the empirical evidence obtained from the Bogota study. Tne
patterns of employment location in rapidly growing LDC cities are by no
means random. The empirical findings from these two studies should

offer the behavioral underpinnings required for sound policy analyses.
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. Introduction

As part of the World Bank's "City Study"” research project on
Bogota, Colombia, a model was formulated to study the location behavior
of manufacturing firms in urban areas. The theoretical model was
extended to a multinomial logit specificarion and estimated using the
results of a sample survey of establishments conducted for Bogota. The
model and estimation results (Lee, 1Y82) are appended as annex to be
used as reference in the following discussion.

While the Bogota study dealt mainly with the behavioral
underpinnings of firms' location choice, the current research on Seoul
has focused on evaluating various spatial policies intended to infiuence
the firms' location behavior. tore specifically, in the research
project the extent of policy effectiveness was documented quantitatively
(Lee, 1985b) and relative efficiencies ofbalternacive policies were
simulated (Murray, 19385). As part of the data collection efforts, a
sample survey of 500 manufacturing establishments was conducted for the
Seoul region. The survey instrument included the modules on the firm's
location behavior similar to those used in the Bogota study, as well as
the modules on the firms' responses to various policy measures.
Therefore, the fresh data from the Seoul survey provided an opportunity
to estimate the model with the same specification used in the Bogota
study.

After the nature of the survey data is briefly described in
the next section, the estimation results are presented; the results
pbtained using the Seoul data are much more robust than those of Bogota;
moreover, the conclusions drawn from the Seoul results strongly support

those on 3ogota.




2. The Data Y .

A sample of 493 manufacturing establishments interviewed in
the survey was drawn from the 1981 manufacturing establishment survey
file of the Korean dational Bureau of sStatistics. The file contained
33,425 manufacturing establishments with five or more employees, of
which 15,119 establisnments were locaced in the Seoul region which
includes Seoul and Gyeonggi province. [a response to our reguest, 1in
the 1931 survey N8BS obtained information on the founding date of che
establishment, the previous location, the date of relocation, and
reasons for relocation. +This information enabled us to take a random
sample stratified by the following four categories: (1) locatiom
tenure, 1.e., newly established firms (births), relocated firms
(movers), and those stayed at the same location (mature firms) 2/; (2)
firm size by employment; (3) the zone system defined by the 45 subareas
of Gu's, 8i's, and Gun's; and (4) the type of industries defined by tne
5IC codes.

In order to minimize the cost of sampling while having a
sufficient number of observations for econometric estimation, we chose
two two—digit industries, the textile and the fabricated wmetal
industries. These industries without much locational idicsyncrasy
should be more amenable to policies than some other industries such as
cement or steel. Moreover, poth industries had a large share of

establisnments in the region accounting for 52.4 percent of tocal

From=Lee, Choe, and Pahk (19Y35).

Birtas are defined as chose established in 1979 or thereafter; movers are
those that relocated duriag 1979-1981l; mature firms are those establisnhed
before [979 and never moved.




manufacturing. The homogeneity of firms in each industry group makes it
possible to test behavioral hypotheses with sufficient degrees of
freedom.

The second consideration given in the sampling process was to
over-sample large firms so that the number of workers included in the
sample could be maximized and also to over—-sample those firms relocated
in response to government actions such as relocation orders. Finally,
an attempt was made to cover a wide geographic area in such a way that
spatial analyses could be possible covering the entire region. dJur
target sample size was 500 with about equal shares of establishments
;mong the chrée types of location tenure.

Tne realized sample of 499 establishments consists of 221
mature firms, 137 births, and {4l movers (see Table 1). The average
size of newly established firms was smallest (Table 3}. The sample
coverage across zones was satisfactory; of the 45 subareas in the
region, 39 were represented. The geographic distribution of the sawmple
Firms was consistent witn that of tune population. ¢ore firms were
selected from Rings 2, 3, and 4 (see Table 1 and Figure 1).

In some cases the four—-way stratification severely limited the
possibiliéy of drawing sample establishments from a specific population
category. For example, not enough textile firms were located in certain
subareas. It should be noted here that the sample was drawn from the
1981 establishment file and the survey was taken in 1983. 3Some Eirms
apparently changed ctheir line of production during this period; the
final sample included nine establishments in other industries (Table 2).

As shown in Table 3, the average size ¢f sample firms was 115

persons, which was much larger than the average size of all




Table 1: SAMPLE COMPOSITION: NUMBER OF ESTABLISHMENTS BY
ZONE AND FIRM TYPE

Zone Mature Births Movers Total
8 11 2 21
Ring 1 38.10 52.38 9,52 100.00
3.62 8.03 1.42 4,21
55 22 8 8%
Ring 2 64.71 25.88 9.41 100.00
24.89 16.06 5.67 17.03
65 32 15 112
Ring 3 58.04 28.57 13.39 100.00
29.41 23.36 10.64 22.44
78 53 104 241
Ring 4 32.37 24,48 43,15 100.00
35.29 43,07 73.76 48,30
15 ] 13 12 40
Ring 5 37.50 32.50 30.00 100.00
6.79 9.49 8.51 8.02
221 137 141 499
Total 44,29 27 45 28.26 100.00
100.00 100.00 100.00 100.00

Source: The Project Sample Establishment Survey.




Figure 1: RING SYSTEM IN THE SEQ_UL
REGION 8
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Table 2: SAMPLE COMPOSITLON: NUMBER OF ESTABLISHMENTS
BY ZONE AND IWDUSTRY

Fabricated Other

Zone Textile Metal Manufacturing a/ Total
: L7 4 0 21
Ring 1 30.95 19.05 U.00 100.0V
7.83 1.47 0.00 4,21
57 28 0 85
Ring 2 67 .06 32.94 0.00 100.00
26.27 10.26 u.00 17.03
46 64 2 112
Ring 3 41.07 57.14 1.79 100.90
21.20 23 .44 22.00 22.44
76 158 7 241
Ring 4 31.54 65.56 2.90 100.00
35.02 ‘ 57,83 78 .00 43.30

21 19 0 40 -
Ring 5 52.50 47 .50 0.00 tuo..0Y
9.68 0.90 Q.00 3.02
217 273 9 499
Total 43.49 54,71 1.8V t0u.0v
100.U0 1uu. 0V 100.0Y 1QU.00

a/

=’ Includes the printing, the chemical, the mineral, the basic metal
industries.

Source: The Project Sample Establishment Survey,




Table 3:

SAMPLE NOMPOSITION: NUMBER OF ESTABLIHSMENTS BY FIRM TYPE
AND ESTABLISHMENT SIZE

1~/ 5-9  10-19 2049 5099 100-100 200-299 300-Over Total
7 31 28 48 50 % 7 221
3.7 1403 12.67 2172 2262  15.38  3.17 100.00
87.50  58.49  35.90  35.56  45.45 48,57  33.33 44,29
2.86 6.97 1439 32,19 6834 130.2 249.14 172,75 %/
1 14 28 46 25 13 5 137
0.73 10,22 20,44 33.56  18.25  9.49  3.65 100.00
12.50  26.42  35.90 34.07 2273 18.57  23.81 27 45
2.00 6.14 1332  31.80  69.8 130.23 207.00 60.38
0 8 22 41 35 23 9 141
0.00 567 1560 29.08 2482 1631 6.8 100.00
0.00  15.00 28.21 30.37 31.82  32.86  42.86 28.26
- 725 1300 33.90 7343 14322  239.00 77.18
8 53 78 135 110 70 21 499
1.60  10.62  15.63  27.05  22.06  14.03  4.21 100.00
10000 10000 100.00 10000 100.00 10000 100.00 100.00
2.75 679 13.62 32,58  70.30 13%.44  23.76 114.89

-5-‘-; Persons.
b The bottom mumber in each cell is the mean employment size of firms in that cell.

The Project Sample Establistment Survey.




establishments in the Seoul region (77 persons in 1981 according to
NBS). This resulted from the sample design of over-sampling large
firms. In particular, it should be noted that the average firm size of
births was 60 persons compared to 27 in the population. In the sample
the average firm size of movers was slightly larger than that of births,
but the average size of mature firms was more than twice these two

groups.

3. Estimation Results

The derivation of the theoretical model and its empirical
specification appear in the Annex. Iﬁ short, the model specifies that
the firm, as a price taker, locates where it maximizes profits. The
locational attributes of a particular plant site as well as the lot size
enter into the firm's production decision. A particular plant site is
then occupied by the firm that offers the highest bid. In locational
equilibrium, no firm will have any incentive to move since all firms
make the same profits. Once the bid-rent function is derived from the
profit function, multinomial logit specification fOllOWSvé/ This

stochastic specification offers a framework for predicting the

probability that a firm of particular type will occupy a site with

particular attributes.

The survey questionnaire was constructed to capture this
theoretical and empirical framework. It was designed to take about one
hour to complece and did not require the respondents to look up their

accounting books; still the questionnaire contained a large amount of

3/ Applications of a discrete choice model in urban economic research are
reviewed in Lee (1985a).




information with over 400 computer readable variables. The most salient
aspects of the survey results are summarized in a descriptive paper by
Lee, Choe, and Pahk (1985).

The survey results provide the information required for
estimating the multinomial logit specification of the model as described
above. Attributes of the firm include product mix, type of production
process, building scructure, plant space, lot size, and the workforce
composition. These variables can be used for stratifying the sample
firms by type to define the depeundent variable. Attributes of the plant
site include variables associated with the accessibilicy to the product
and input markecrs and those representing the level and the quality of
local public services. These variables serve as the independent
variaples in the logit specification.

The basic model specified for Seoul was the same as that of
3ogota; there were only minor differences in defining the measurements
of some variables. To define tne dependent variable, we chose the same
two variables used in the Bogota study: product type (two-digit SIC in
the case of Korea) and firm size defined by floor space. Therefore the
firms in the two industries are grouped into two plant sizes according
to floor-space. To examine the sensitivity of estimation results to the
threshold value of floor space that determines the firm size categories,
we repeated the estimation with different threshold values. This was
not possible in the Bogota study where the sample size was small. The
results using two values are reported here: floor space of [0U pyeongs
(330 square meters) and 200 pyeongs, respectively. The specification of

dependent variable is shown in Table 4 using two threshold values when
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Tapnle 4: DAFLNILIUN OF OEPENDENT VARTIABLE

(Estimating for Seoul Alone)

A. ‘Jareshold Floor Space = LOU pyeongs
Number of
Group Industry Floor Space Observations
1 SIC 32 Less than 10U pyeongs 56
2 SILC 32 100 pyeongs or more 64
3 5LC 38 Less than 10U pyeongs 49
4 SLC 33 100 pyeongs or wmore 49
Total 218
8., Threshold Floor Space = 200 pyeongs
wumber of
Group Industry Floor Space Observations
1 SLC 32 Less than 20U pyeongs 32
2 3IC 32 200 pyeongs or more 33
3 SIC 338 Less than 200 pyeongs 74
4 SILC 38 200 pyeongs or more 24
Total 218
Note: SIC 32 = textile; SIC 38 = fabricated metal.
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the model was fitted to Seoul alone. Of the 499 sample establishments,
218 were located in Seoul (Rings 1, 2, and 3 in Table l).

The independent variables are basically the same as those used
in the Bogota study, but in some cases different definitions were used
as defined in the Appendix. They include the following: access to the
local markets for output and material inputs measured by the proportion
of output sold to (PROSOLD) and inputs bought (INPTBT) from Seoul;
proximity to residential areas of production workers (RESLOCWKR) and
office workers (RESLUCMNG); the quality of local public services
measured by the frequency of electricity interruption (ELECINT) and
water supply interruption (WATERINT); the extent of scale economies of a
particular industry measured by the employment location quotient of
individual industries in the zone of location (LOCQT); the.intensity of
economic activities measured by the population density in the zone of
location (POPDENS); and the distance to the CBD (DISTCBD) as a measure
of accessipility to the city center. The water interruption rate was
the only additional variable included in the Seoul study. As in the
case of Bogota, however, we included two firm type stratification
variables on the right-hand side of tne equation: the year of initial
operation (YRINOP) at the present location thar discriminates old mature
establishments against new ones and recent movers; and tane ownership
dummy variable (RENTER) to distinguish renters from owners.

Table 5 shows the estimated values of coefficients and the
corresponding "t" statistics that are the test of differences between
the coefficients of a particular group with respect to those of the
reference group. As in the case of Bogota, Group 4 (large metal-

fabricating firms) was set as the reference group. The logit




Table 5: LOGIT ESTIMATION OF FIRM LOCATION CHOICE, SEOUL (Dependent Variable: Industry and Floor Space a/ )

CONSTANTS YRINOP  RESLOOMNG  RESLOCWKR PROSOLD INPTBT ELECINT  WATERINT DISTCRD POPDENS RENTER LOOQT
Ooefficients:
Group 1 -10.970 0.156 0.009 -0.031 0.006 0.016  -0.811 1.324 -0.161 ~0.7311x107% 0.674 1.285
Group 2 1.840 -0.020 0.019 -0.039 -0.005 - 0.007 -0.126 1.332 -0.086 —0.4792x1074 -
Group 3 -8.216 0.065 0.004 ~0.017 0.011 © 0.018 0.089 0.645 0.060  0.4875x107% 0.674 0.576
Group 4 b/ - - - - - - - - - ~ - -
t Statistics:
Group 1 1.902* 2,241%% 1,278 3.5874* 0.955 2.476%% 1,614 1.344 1.626  1.147 1.884%  2,228%*
Group 2 0.497 0.494 2.799%* 4,617%% 0.799 1.208 0.285 1.468 0.910  0.79%4 -
Group 3 1.761* 1.212 0.536 1.996%* 1.659% 2,931%% (0,214 0.650 0.665  0.746 1.884*  0.851
Group 4 - - - - - - - - - - - -
Percent correctly predicted: 49.54 Number of observations: Group ! = 56
Likelihood ratio index: 0.2417 Group 2 = 64
Likelihood ratio statistics: 146.1 Group 3 = 49

Group 4 = 49

Threshold for floor space = 100 pyeongs

Source:

The Project Sample Establishment Survey.

2/ Definitions of variables are given in the Appendix.
_:l Group 4 is used as the base.

*%k

Significant at the 57 level,
Significant at the 2.5% level.

i
[
[y
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Table 6: LOGIT ESTIMATION OF FIRM LOCATION CHOICE, SEOUL (Dependent Variable: Industry and Floor Space aly

CONSTANTS  YRINOP RESLOQMNG  RESLOCWKR ~ PROSOLD  INPTBT  ELECINT WATERINT  DISTCRD  POPDENS RENTER LOOQT
Coefficients:
Group 1 -17.010 0.252 0.024 -0.061 0.011 0.012  -0.192 2,525 -0.207  0.7782x107% 0.462 1.310
Group 2 0.960 -0.012 0.039 -0.066 -0.012 0.017  -0.373 3.187 -0.135  0.7041x107% -
Group 3 -14,240 0.177 0.018 -0.042 0.011 0.014 0.281 2.058 -0.029  0.1713x107% 0.462 0.540
Group 4 b/ - - - - - - - - - - - -
& Statistics:
Group 1 2,755%%  3.474%%  2,507%% 3.949%% 1.209 1,588 0.314 1.690* 1.631  0.936 1.099 2.282%*
Group 2 0.193 0.227 3.505%*% 4,096%% 1.193 2.050%% 0,560 2,154%% 1.002  0.825 -
Group 3 2,610%%  2,868%* 1,962*% 2,774%% 1.364 1,904  0.500 1.415 0.250  0.215 1.099 0.815
Group 4 - - - - - - - - - - - -
Percent correctly predicted: 57.34 Number of observations: Group 1 = 82
Likelihood ratio index: 0.3327 Group 2 = 38
Likelihood ratio statistics: 201.1 Group 3 =74

Group 4 = 24

Threshold for floor space = 200 pyeongs

Source:

The Project Sample Establishment Survey.

a/ Definitions of variables are given in the Appendix.
% Group 4 is used as the hase.

A%

Significant at the 5% level.
Significant at the 2.5% level.

1
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coefficients of group—specific variables should be interpreted as
relacive differences with respect to Group 4. £t should be noted that
the signs of coefficients do not necessarily mean the direction of
causation; they only show the relative orders of magnitudes of
individual coefficients with respect to the reference group for a given
independent variable.

[n Lable 5, we first note that the estimation results using
tne Seoul data are much wmore robust than those obtained for Bogota,
i.e., more coefficients are statistically significant in the case of
Seoul than Bogota. The likelinhood ratio index of 0.24 indicates that
the overall goodness of f£it is good and comparable to the Bogota
result. Both tne level of significance and goodness of fit improve
further when the threshold floor space is raised to 200 pyeongs, but
without aiffecting the relative orders of magnitudes of individual
coefficients (Table 6). 'This means that as specified by the model there
are systematic relationships between the firm attributes and the site
actributes in determiniag which types of firms tend to occupy which
types of sites. These relationships are analyzed below using the
estimated coefficients.

To perform such analyses, the elasticities of probabilities
dare calculated at sample means and reported in Tables 7 and 8 for the
case of Seoul alone., The elasticity value represents the percentage
change in the probability of being in the ith group with respect to 1
percent change in a given independent variable for tnat group. For
example, in Table 7 when the measure of access to che local input
markets INPTBT increases by 1 percent, the probability of a firm to bpe

in Group 1 increases by more than 3 times that of being in Group 2. In




Table 7: ELASTICITIES OF PROBABILITY: LOGIT ESTIMATION OF LOCATION CHOICE, SEOUL
(Threshold for floor space = 100 pyeongs)

Industry
Groups by
Floor Space YRINOP RESLOCWKR __ PROSOLD INPTBT ELECINT WATERINT POPDENS Share

Group 1 9.092 -1.081 0.243 0.931 -0.786 1.107 -1.016 0.2569

Group 2 -1.065 ~-1.285 -0.103 0.276 —-0.136 1.074 -0.595 0.2936

Group 3 3.885 -0.859 0.491 1.126 0.104 0.541 0.702 0.2248

Group 4 0.2248

Source: The Project Sample Establishment Survey.
NOIES. For definitions of dependent and independent variables, see the Appendix.
i B _ \ P . . . . . |
The elasticity of probability is defined as i T (l—pi) bij Xij’ where P; is the share of ith group, bij the jth logit coefficient of L
the ith group, and X.'Lj the sample mean of e jth independent variable for the ith group. v
!
It should be noted that the logit coefficients estimated are the differences with respect to the coefficients of the base group. Therefore,

the values of elasticities in this table are the results based on (bij - b;f) instead of bij’ where bﬁ in the coefficient of the

base group.




Table 8: ELASTICITIES OF PROBABILITY: LOGIT ESTIMATION OF LOCLITON CHOICE, SEOUL
(Threshold for floor space = 200 pyeongs)

Industry
Groups by
Floor Space YRINOP  RESLOCGMNG RESLOCWKR _ PROSOLD INPEBT ELECINT WATERINT DISTCBD POPDENS RENTER LoaQT Share
Group 1 12,295 0.999 -1.696 0.357 0.522 -0.167 1.768 -0.906 -0.892 0.162 1.116  0.3761
Group 2 ~0.732 2.741 -2.808 -0.171 0.824 0,462 3.047 -0,923 -1,018 - 1.512  0,1743
Group 3 9.017 0.790 -1.850 0.367 0.654 0.278 1,470 -0.178 0,203 0.194 0.312  0.339%
!
Group 4 - - - - - - - - - - - 0.1101 |
o

Source: The Project Sample Establishment Survey.
NOIES. For definitions of dependent and independent variables, see the Appendix.
The elasticity of probability is defined as e = (l~pi) bij xij’ where P; is the share of ith group, bij the jth logit coefficient of
the ith group, and Xij the sample mean of the jth independent variable for the ith group.
It should be noted that the logit coefficients estimated are the differences with respect to the coefficients of the base group. Therefore,
the values of elasticities in this table are th.. results based on ,(bij - b?) instead of bij’ where b:’]f in the coefficient of the
base group.




other words, the accessibility to local input markets is more imporrtant
to small textile firms (Group 1) than large textile firms (Group 2) in
their location cho :e; furthermore, the elasticity value for Group 3
indicates that this site attribute is more important for small metal-
fabricating firms (Group 3) than small textile firms (Group 1). ‘lore
generally, this evidence supports the hypothesis that local wmarket
orientation is very important for small firms. The elasticity values
for PROSOLD, the measure of access to local product markets, also show
the same relative orders of magnitudes among the three groups as was the
case with INPTBTE.

As in the Bogota study, we find tnat the proximity to the
residential areas of office workers RESLOCMNG is much more important for
large firms (Group 2) than small firms (Groups 1 and 3), while the
opposite is true for the proximity to production workers' residential
areas RESLOUWKR. The distance effects measured by DLSTCBD are also the
same as in the Bogota case: This variable is least important for small
textile firms (Group 1), indicating that they tend to locate near the
CBD. As the distance from the CBD increases, the probability of being
in Group 2 is larger tnhan that of being in Group l. Small metal-
fabricating firms (Group 3), nowever, tend to locate farther from the
CBD than the textile firms of both sizes.

lhe Seoul results show tnat as in the case of Bogota large
textle firms are more sensitive to the poor quality of elasticity
ELECINT than small textile firms, but wetal-fabricating firms are more
sensitive than texctile firms as a whole. With respect to tne poor
quality of water WATERINT, nowever, textile Eirms are more sensitive

than metal-fabricating firms. The scale economies of individual




industries measured by location quotient LOCYT are about three times
more important for textile firms than meral-fabricating firms.

another way of interpreting the elasticity values in Table 7
is to find which variables are more important than others in «ttraccing
firms to a particular group. [n Table Y we rank the elasticity values
in descending order for ecach group, and those of the Bogota estimates
are also shown for comparisons. The quality of water variable is
omitted since it was not included in the Bogota study. The most
important variable that influences the probability of being in Group J3
(small metal-fabricating firms) Ls the measure of access to the local
input markets I[NPTBT, followed by the proximity to production workers'
residential areas RESLOCWKR and the population deansity POPDENS. The
electricity variable ELECINT and the commuting distance of office
workers RESLOCHING are least important. This ranking result is simila:r
to tnat of Group ! and those of both small firm groups of Bogota. For
Group 2 (large textile firms), however, the location quotient LOCQT and
the commuting distance of office workers RESLOCMNG are more important
than access to local input marKets,'INPTBT. These results for large
firms of Seoul are also counsistent with those of Bogota.

Nevertheless, we find one sharp difference between the two
cities: In the case of Seoul, the location quotient LUCQT is the most
important variable for small ctextile firms (Group l) while it ranks
second for large textile firms (Group 2). 1In the case of Bogota,
however, this variable was important only for large textile firms (Group
2). In 3eoul, the scale economies of the textile industry are important
for both small and large firms indicating greater "linkages™ between

different size groups in Seoul than in Bogota.




RANKING UF INDEPENDENT VARLIABLES FUR
FIRM LOCATION CHOLCE:

BETWEEN BOGUTA AND SE0UL

CONTRASTS

Bogota Seoul

Small Small Large Small Small Large

Textile Fab.Metal Textile Textile Fab.,iletal Textile
Variable (Group 1) (Group 3) (Group 2) (Group 1) (Group 3) (Group 2)
INPUTBL/ a/ 1 1 4 4 1 6
INPTBT
WKSOUTH/ a/ 2 4 7 2 2 i
RESLOCWKR
POPDENS 3 3 3 3 3 4
ELECLNT 4 8 2 6 8 7
LOCQT 5 7 1 1 6 2
PRUDSOLD/ a/ 6 2 5 3 4 8
PROSOLD
ADMNORTH/ a/ 7 5 3 7 7 3
RESLOCHNG
DISTCBD. 3 6 6 5 5 5
a/ The notation used in the Bogota study for the same variable.

sSource:

Table 7 of the text, and Table

of Annex (for Bogota).
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The model was estimated with the threshold floor value of 200
pyeongs and reported in Tables b and 8. The conclusiouns drawn from the
above analysis are not much affected by this specification. When the
model was estimated with alternative specifications of the dependent
variable, with lot size, and employment size instead of floor space, the
general patterns stayed the same. These results are not reported
here. Tie model is also estimated for the Seoul region as a whole. The
region has Y other cities including [ncheon which nas more than one
miliion people. ‘he theoretical and empirical. buses uneed to be further
developed, nowever, before extending the present model to a multi-center
case for a large metropolitan region. For example, tne model's
applicability will depend on the extent and functioning of tne land,
labor, and other markets in the region. The estimation results for the
region which are quite similar to those obtained for Seoul alone are
shown in the Appendix.

4. Conclusions

A wmodel of intraurban employment location estimatad earlier
for Bogota was estimated for Seoul with a fresh data set obtained from a
sample survey of establishments in the Seoul region. The resultcs wich
the Seoul data are much wore robust than those of Bogota; this should be
partly attributed to the better quality of the Seoul data in terms of
the sample frame, sample size, and sampling procedures followed.

The results‘for Seoul are analyzed by comparing with those of
Bogota., On the whole, the predicted location patterns from the Seoul
estimates are consistent with those of Bogota. In sum, fc. small

manufacturing firms accessibilities to local input and output markets




and the commuting distance of production workers are most important.

For these firms, the benefits from various externalities tend to
compensate for nigh rent and congestion costs in the central area.

Large firms tend to be more export-oriented (from the city) and require
more space with modern production technology. For these firms, land and
plant space available ac lower cost in outer areas is more important
than access to local markets. As was the case in Bogota, tne Seoul
results also show that large firms are more sensitive to the quality of
public utility services and the commuting distance of administrative
workers than small firms.

The Seoul results, however, reveal one interesting contrast
between the two cities. The location quotient which represeats scale
economies of individual industries is most important for Bogota's large
textile firms but unimportant for both small textiie and small wetal-
fabricating firms in that city. In the case of Seoul too this variable
is unimportant for small metal-fabricating firms, but it turns out to be
most important for both small textile and large textile firms. This
implies that in Seoul small textile firms tend to follow its parent
industry indicating the need for strong "linkages" within the industry,

The land price gradient estimated with the same data set is as
follows:

Land price = 1458 e ~ 0.0811 Distance,

where t = 32.11; R2 = 0.6971.

The fit is much stronger than that of Bogota, while the slope
coefficients are comparable between the two (see footnote 5 in Annex).
As in the case of Bogota, a strong relationship exists for Seoul between

the intensity of input (labor and capital) use and land price. From the
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two studies, we may conclude that in rapidly growing cities in
developing countries manufacturing firms respond to the substitutabilicy
of land with respect to other inputs over space. The successful
estimation of the model with tne Seoul data provides a scronger base Lo

support the empirical evidence obtained earlier from the Bogota study.
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Appendix

I. Definition of Variables

2. fEstimation Results for the Region
(Tables Al through A4)
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1. DEFINITILONS UF VARIABLES

Dependent Variable

See Table 4.

Independent Variables

CONSTANT:

PROSVLD:

INPTBT:

DISTCBD:

RESLOCWKR:

RESLOCHNG:

WATERINT:

POPDENS:

Group specific constants.
Percent of products sold in Seoul.
Percent of inputs bought in Seoul.
Airline distance (km) from the CBD to the center of che
subarea where the establishment is located.
Percent of production workers living in the neighborhood
or c¢ity where the establishment is located.
Percent of office workers living in the neighbornood or
city where the establishment is located.
Frequency of electricity interruption.
(1, almost never; 2, once a month; 3, once a week;
4, twice a week; 5, twice or more per week.)
Frequency of water interruption.
(1, almost never; 2, once a month; 3, once a week;
4, twice a week; 5, twice or more per week.)
Population per square kilometer of the subarea where the

establishment is located (for 1980).




YRINOP:

RENTER:

- 25 -

Location quotient defined as subarea j's employment
share of industry i relative to its share of total
manufacturing employment. (Separate values are used for
the two industry groups.)
Year of initial operation at the present location.
vwnership dummy: 1 if renter, 0 if owner.

(Assigned to establishments with floor space

less than the threshold value for both industry

groups.)
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2. ESTIMATLON RESULTS FoR THE REGILON

(Tables Al through A4)




Table Al: LOGIT ESTIMATION OF FIRM LOCATION CHOICE, SEOUL AND GYEONGGIL (Dependent Variable: Industry and Floor Space.ﬁ/)

CONSTANTS ~ YRTINOP RESIOOMNG RESIOCWKR ~ PROSOLD ~ INPTBT  ELECINT WATERINT  DISTCBD  POPDENS RENTER LOCQT
Coefficients:
Group 1 -5.210 0.057  ~0.001 -0.017 0.007 0.009  -0.424  -0.056 -0.009  0.2623x107% 1.277 1.114
Group 2 -0.160 0.000 0.009 -0.022 -0.001 -0.005 0.143 0.451 -0.009  0.9065x107% -
Group 3 ~4,339 0.015 -0.001 -0,003 0.006 0.010  -0.082 0.060 0.014  0.9740x107% 1,277 0.952
Group 4 b/ - - - - - - - - - - - -
t Statistics:
Group 1 1.407 1.280 0.202 3.379%% 1.756% 2,212%%  1.490 0.137 0.427  0.835 4.854%%  3,179%* |
Group 2 0.064 0.002 2.509%* 5.163%* 0.211 1.562 0.652 2,213%% 0.600  0.341 - N
Group 3 1.473 0.434 . 0.330 0.547 1.541 2.530%%  0.316 0.170 0.697  3.365%* 4.854%%  3,000%* l
Group 4 - - - - - - - - - - - =
Percent correctly predicted: 54.82 Number of observations: Group 1 = 81
Likelihood ratio index: 0.2516 Group 2 = 138
Likelihood ratio statistics: 347.4 Group 3 = 77

Group 4 = 202

Threshold for floor space = 100 pyeongs

Source: The Project Sample Establishment Survey.

a/ Definitions of variables are given in the Appendix.
l.:_/ Group 4 is used as the base.
Significant at the 5% level.

**  Significant at the 2.5% level.




Table A2: LOGIT ESTIMATION OF FIRM LOCATINO CHOICE, SEOUL AND GYEONGGI (Dependent Variable: Industry and Floor Space a/ )

CONSTANTS ~ YRINOP  RESIOOMNG  RESLOCWKR ~ PROSOLD  INPIBT  ELECINT WATERINT  DISTCBD  POPDENS RENTER LOOQT
Coefficients:
Group 1 ~7.663 0.110 0.001 -0.026 0.006 0.004  -0.279 U.151 -0.036  0.5946x10% 1.132 1.152
Group 2 -0.911 0.011 0.010 -0.023 ~0.002 -0.004 0.218 0.400 -0.012  0.2766x107% -
Group 3 -6.378 0.078  -0.001 -0.010 0.004 0.005 0.006  -0.059 -0.023  0.1043x1073 1.132 0.976
Group 4 -l—)-/ - - - - - - - - - - - -
t Statistics:
Group 1 2.199%%  2,624%*%  (0.207 5.146%* 1.442 0.980 1.036 0.510 1.748%  1.791* 4,285%%  3,280%*
Group 2 0.330 0.329 2.3674% 4,719%% 0.547 1.173  0.869 1.842% 0.725  0.870 - l&g
Group 3 2,225%%  2,236%*  0.293 2.267%% 0.932 1,535 0.025 0.197 1.121  3.474%% 4.285%%  3,055% '
Group 4 - - - - ~ - - - - - -
Percent correctly predicted: 54.02 Number of observations: Group 1 =117
Likelihood ratio index: 0.2176 Group 2 = 102
Likelihood ratio statistics: 300.5 Group 3 = 128

Group 4 = 151

Threshold for floor space = 200 pyeongs

Source: The Project Sample Establishment Survey.

-"i—/, Definitions of variables are given in the Appendix.
.2./ Group 4 is used as the base.
. Significant at the 57 level.

Significant at the 2.5% level.

& < - ]

_




(Threshold for floor space = 100 pyeongs)

Table A3: ELASTICITIES OF PROBABILITY: LOGIT ESTIMATION OF LOCATION CHOICE, SEOUL AND GYEONGGL

base group.

the values of elasticities in this table are the resuits based on (bij - b;) instead of by, where baif in the coefficient of the

Industry
Groups by
Floor Space YRINOP  RESLOOMNG RESLOCWKR  PROSOLD INPTBT ELECINT WATERINT DISTChD POPDENS RENTER LOCQT Share
Group 1 3.733  -0.048 -0.721 0.323 0.573 —0.504 ~0.052 -0.108 0.294 0.501 1.254  0.1627
Group 2 0.452 -0.786 -0.026 ~0.172 0.176 0.425 —0.125 0.060 - 0.929  0.2771
t
Group 3 0,982  -0.051 ~0.166 0.264 0.628 ~0.106 0.058 0.183 0.087 0.715 0.802  0.1546 ©
|
Group 4 - - - - — .- - - - - - 0.4056
Source: The Project Sample Establishment Survey.
NOTES., For definitions of dependent and independent variables, see the Appendix.
The elasticity of probability is defined as ej5 = (1~p;) bij Xij’ where P; is the share of ith group, bij the jth logit coefficient of
the ith group, and Kij the sample mean of the jth independent variable for the ith group.
It should be noted that the logit coefficients estimated are the differences with respect to the coefficients of the base group. Therefore,




Table A4: ELASTICITIES OF PROBABILITY: LOGIT ESTIMATION OF LOCATION CHOICE, SEOUL AND GYEONGGL
(Threshold for floor space = 200 pyeongs)

the values of elasticities in this table are the results based on (bij - b?) instead of bij’ where bﬁk in the coefficient of the

base group.

Industry
Groups by '

Floor Space YRINOP  RESLOCGNG RESLOCWKR _ PROSOLD INPTBT ELECINT WATERINT DISTCBD POPDENS RENTER L.ooQT Share
Group 1 6.681 0.046 ~-0.948 0.234 0.208 0,312 0.131 -0.383 0.607 0.392 1.155 0.2349
Group 2 0.670 0.559 —0.958 ~-0.054 -0.137 0.304 0.424 -0.204 0.173 - 1.030 0.2048
Group 3 4,502  -0.045 0,512 0.138 0.248 0.007 ~-0.050 ~0.277 0.878 0.434 0.751 0.2570
Group 4 - - - - - - - - = - - 0.3032

Source: The Project Sample Establishment Survey.

NOTES. For definitions of dependent and independent variables, see the Appendix.
The elasticity of probability is defined as ej5 = (1—*pi) bij Xij’ where P; is the share of ith group, bj4 the jth logit coefficient of
the ith group, and Xij the sample mean of the jth independent variable for the ith group.
It should be noted that the logit coefficients estimated are the differences with respect to the coefficients of the base group. Therefore,

—OE_
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A micro model is formulated to study the location behavior of manufacturing
firms in urban areas. A bid-rent function is derived from the profit function and
captures the firms' locational equilibrium situations. The theoretical model is ex-
tended to a muitinomial logit specification and estimated using establishment survey
results for Bogota, Colombia. The survey included information on (1) attributes of
the establishment such as plant space, and (2) attributes of the plant site such as
access to markets. The estimated model is capable of predicting the location choices
of different types of firms.

1. INTRODUCTION

The work reported here is part of a World Bank urban study project. In
this paper a theoretical model of employment location is formulated and
extended to an empirical specification in the multinomial logit framework.

In the descriptive phase of the study, the employment location patterns of
Bogota, Colombia, and their changes were extensively analyzed using in-
dustrial directory data. The analysis, performed in terms of births, deaths,
and relocation of firms, revealed a high degree of employment location
dynamics: both the birth and relocation rates were high and evidence of
spatial decentralization of manufacturing employment was strong (Lee [9]).

Although researchers have drawn attention to the need for modeling
employment location behavior, the gap in this area remains unattended in
the literature. The analytical work reported in the present paper is an
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Kramer for research assistance, and members of the World Bank research staff for comments
with particular appreciation for Gregory K. Ingram and Douglas H. Keare. Discussions with
Professor Marc Nerlove and comments received from Professor Edwin Mills' seminar at
Princeton University were helpful at the early stage of this work. Roger Schmenner provided
valuable suggestions for designing the survey instrument.
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attenpt to model the location behavior of the firm and to explain observed
patterns of employment location. For this purpose, a survey of manufactur-
ing establishments was conducted in Bogota, a rapidly growing city com-
parable to such United States cities as Phoenix and Houston. This paper
presents estimation results based on the survey, The model is presented in
the next section, the survey is then biiefly described, and finally, the
estimated results are reported.

2. A MODEL OF EMPLOYMENT LOCATION

Consider T types of manufacturing firms in an urban area. The firm
maximizes profits as a price taker in both product and factor markets. The
firm uses a set of variable and fixed inputs to produce an output. The
problem is to determine the optimum combination of inputs, including
the lot size and the plant location, to attain locational equilibrium profits in
an urban area.

Consider a production function in the general form

Q=f(L, X;Z) (1)

where Q is the output, L the lot size, X a vector of other inputs such as
labor, and plant and equipment; Z a vector of site characteristics that are
independent of lot size and can be considered as “local public goods™? such
as the quality of public utility services, accessibility to markets, and ameni-
ties of the zone of plant location.

The profit of the firm is

I=pf(L, X;Z)—RL—wX (2)

where 11 is the profit, p the output price, R land rent per unit, w other input
prices, such as wage rate, and price of capital input.

From the first-order conditions for profit maximization, one obtains the
following demand equations for variable inputs:

y_£ ®)

S

w =

(4)

Solving (3) and (4) for the optimal input quantities L* and X*, and
substituting them into (2), the “profit function,” based on the duality

2Burstein 1] included this variable in the household utility function of her housing demand
study.




EMPLOYMENT LOCATION MODEL 265

4

F1G. 1. The firm’s bid-rent function.

theorem,? is obtained as

II* = pf(L*, X*; Z) — RL* — wX*

={I*(p, R,w; Z). (5)

Let ¢ be the unit transport cost for shipment of output; then p — 7 is the
factory price of output. Using p as the numeraire and introducing the
location subscript (), (5) becomes

I*(u) = g1 = 1 (u), R(u), w(u); Z(u))] (6)

where TI, 7, R, and W are values normalized by p: u refers to the distance to
the product market. .

In locational equilibrium, for a given u every firm should have the same
profit, and there is no incentive for any firm to relocate. An equilibrium
rent profile must satisfy

TI*(u) = g[1 — 7 (u), R(u), w(u); Z(u)] = const.* (7)

As with residential location, a useful interpretation of this formulation of
firm location choice is in terms of the bid-rent function of the firm, giving
the price for site with characteristics Z that yields profit IT*. Let R*(u)
denote the bid rent, then (as in Fig. 1)

R*(u) =h[1 ~t(u), w(u); Z(u);ﬁ*(u)]. (8)

For convenience, suppose the unit transport cost is site invariant within
an urban area and include it as an element in the constant term. Also

3For the duality relations between the production function and the profit function, see
Diewert {2] and Lau and Yotopoulos [6].
4Solow [12] shows an equilibrium rent profile of households in an urban area.
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suppress I1*(«) which is constant. Hence (8) can be written

R*(u) = h[w(u); Z(u)] %)
where
aa1;* <0; a;; > 0. (10)

For illustration, consider the case of labor input. As the labor-land ratio
increases the marginal product of land increases relative to that of labor,
and the relative price of land with respect to labor also rises. This argument
supports the empirically observed rent gradient in an urban area in the
sense that as the distance to the CBD becomes shorter, the intensity of a
variable input such as labor increases and the land rent rises.* In other
words, producers respond to input price differentials over space to obtain
optimal input combinations including lot size. Also the value of land
increases as desirable site characteristics, such as public service provision
and accessibility, are improved.

Since w is the input price vector normalized by output price, (4) can be
rewritten as ‘ ’

af o
g—i(u) = w(u). (11)

Substituting (11) into (9), we have the bid-rent function expressed in
terms of firm characteristics 3//9.X and site characteristics Z.
For expository reasons, rewrite (9) as

R*(u) = h[x(u), Z(u)], (12)

where x(u)[= (3f/9X)(u)] now represents a vector of firm characteristics,
namely input combinations, which in turn depend on technology char-
acterized, for example, by type of production process and building struc-
ture. As mentioned earlier Z(u) is a vector of site characteristics.

Now suppose that there are T types of firms defined by x and S types of
sites defined by Z. Let N, be the number of type ¢ firms in the market.

Then using (12), the bid rent for a site with characteristics Z by the nth
firm of type 1 is given by

- E’n = htn(zn)’ ne ]vr‘ (13)

*A measure of the land price gradient using the survey data used in this study resulted in the
following: /n land price = 8.029 — 0.1 l2§) distance, R* = 0.1093, which can be written as land
3.17
price = 3069e — 0.1126 distance. (
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Note that we have now suppressed the vector x(u) that is used to define
the firm type t. For example, all firms of type ¢ are similar in terms of
output, input combination and technology, that is, they have an identical
production function.

Following Ellickson’s [3, 4] work on residential location, we can interpret
this model in terms of predicting the probability of a certain type of firm ¢
to locate at a site with a specified set of characteristics Z.

The stochastic version of (13) is

Ry=h,(Z,) +e, n€N, (14)

where e,, is a random disturbance term reflecting unaccounted variations of
firm characteristics of type ¢.

Since a given site is occupied by the firm with the highest bid, the relevant
variable for determining the probability that a given site is occupied by a
firm type ¢ is the maximum bid given by firms of type ¢.

R™ = max(R,)=h,(Z)+e, tET (15)
n

where

e,=max(e,), n€EN,.
n

If the e, are identically and independently distributed Weibull,® the
specification of a logit model follows, nameiy, the probability that a firm of
type ¢ occupies a site with characteristics Z takes the logit specification’

exp[4,(Z)]
2 exp[n.(Z)]

'eT

p(t|Z)= (16)

The above discussion shows that the basic theoretical approach used in
the study of residential location can provide a useful analytical framework
for the study of employment location.® The optimizing behavior of the firm
is postulated as location specific, that is, the choice by the firm of a specific
site is part of the production decision; furthermore, the location specific

For example, the maximum value of an identically and independently distributed normal
variate has the Weibull distribution.

Ellickson {3, 4] derived this variation of the logit model in his residential location study.

3Theoretical and empirical work is rare in this area: Mills [10] and Solow [12] offer basic
micro foundations; the work by Hoover and Vernon (5], Struyk and James (13], and Schmenner
[11], although descriptive, serves as the empirical bases in the field.
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equilibrium position of individual firms is extended to the “locational
equilibrium” situation of all firms in an urban area. The theoretical model is
easily extended to the stochastic specification of the model in an estimable
form.

3. THE DATA

The sample of 126 establishments was drawn for the survey from DANE’s
2629 distinct firm records in the industrial directory files covering 1970~
1975,° stratified by the following four categories: (1) location history, that
is, stationary firms, movers, and births'®; (2) the zone system defined by 38
comunas; (3) the type of industry defined by 3-digit SIC codes; and (4) firm
size by employment.

To minimize the sampling cost while having sufficient observations for
econometric estimation, we chose the textile industry and the fabricated-
metal industry as the two main industries to be studied. Both industries had
a large share of manufacturing establishments in Bogota. The homogeneity
of firms in each industry group makes it possible to test behavioral
hypotheses with sufficient degrees of freedom. We added as a third group,
however, the “other industries” category with which to do mainly descrip-
tive studies about establishments in various other types of industries.

The second consideration given in the sampling process was to oversam-
ple large firms so that the number of jobs included in the sample could be
maximized. Finally, an attempt was made to cover a wide geographic area
in such a way that spatial analyses couid be possible, including the estima-
tion of the rent and wage gradients. Our target sample size was 120 with
about equal shares of establishments among the three types of location
history. .

The realized sample of 126 establishments consists of 58 stationary firms,
50 movers (including two firms that moved to Bogota from outside) and 18
births (see Table 1). The newly established firms were mostly small (Table
3). The sample coverage across zones was satisfactory; with 27 comunas
covered, the spread was fairly even over the 3 Rings that have high
manufacturing employment densities (see Table 1 and Fig. 2). On the other
hand, only a small number of establishments was selected from Ring 1
(CBD) and Ring 6 (3 residential comunas in the north).

°The original DANE (National Statistics Department) files had 3388 records for the 6-year
period. To maintain consistency in coverage over the period, however, firms with less than 10
employees or those that appeared in the directory for only one year were not included in our
master file. The basic structure of the industrial directory data was documented in Lee [7].

Stationary firms are defined as those that appeared in all six annual directories with the
same address; births are those that appeared for the first time in any year during 1971-1975;
movers are those that relocated within Bogota during 1971-1975. An analysis of the employ-
ment location patterns by this classification of establishments was done in Lee (9].
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TABLE 1
Sample Composition: Zone by Firm Type
Mover Mover
within from

Zone Stationary Birth Bogota outside Total

Ring 1 0 2 2 0 4
0.00 50.00 50.00 0.00 100.00
0.00 1111 4.17 0.00 3.17

Ring 2 7 3 5 0 15
46.67 20.00 3333 0.00 100.00
12.07 16.67 10.42 0.00 11.90

Ring 3 17 6 13 I 37
45.95 16.22 35.14 2.70 100.00
29.31 33.33 27.08 50.00 29.37

Ring 4 16 3 13 1 33
48.48 9.09 39.39 3.03 100.00
27.59 16.67 27.08 50.00 26.19

Ring § 16 4 12 0 32
50.00 12.50 37.50 0.00 100.00
27.59 2222 25.00 0.00 25.40

Ring 6 2 0 3 0 5
40.00 0.00 60.00 0.00 100.00
3.45 0.00 6.25 0.00 3.97

Total 58 18 48 2 126
46.03 14.29 38.10 1.59 100.00
100.00 100.00 100.00 100.00 100.00

Source. The City Study Establishment Survey.

In some cases the 4-way stratification severely limited the possibility of
drawing sample establishments from a specific population category. For
example, not enough textile firms were located in certain comunas. There-
fore, sample establishments were also selected from two other industry
categories that are closely related to the two main industries; namely, the
textile industry was supplemented by the apparel industry, and the fabri-
cated-metal industry by the nonelectric machinery industry. As shown in
Table 2, the final sample has fairly even shares among the three industry
groups: about 35% each for the two main industry groups and 30% for the
“other” category.

In Table 3, we see that the average size of stationary firms in the sample
is almost five times larger than the average size of births, and more than
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TABLE 2
Sample Composition: Zone by Industry

Fabricated Nonelectric

Zone Textiles  Apparel metal machinery Other Total

Ring 1 1 1 1 0 1 4
25.00 25.00 25.00 0.00 25.00 100.00
3.03 10.00 2.86 0.00 2.56 317

Ring 2 3 1 4 1 6 15
20.00 6.67 26.67 6.67 40.00 100.00
9.09 10.00 11.43 111 15.38 11.90

Ring 3 6 6 13 4 8 37
16.22 16.22 35.14 10.81 21.62 100.00
18.18 60.00 37.14 44.44 2051 29.37

Ring 4 12 1 9 2 9 33
36.36 3.03 27.27 6.06 27.27 100.00
36.36 10.00 25.71 2222 23.08 26.19

Ring 5 10 1 6 2 13 32
31.25 3.13 18.75 6.25 40.63 100.00
30.30 10.00 17.14 22.22 3333 25.40

Ring 6 1 0 2 0 2 5
20.00 0.00 40.00 0.00 40.00 100.00
3.03 0.00 5.71 0.00 5.13 3.97

Total 33 10 35 9 39 126
26.19 794 27.78 7.14 30.95 100.00
100.00 100.00 100.00 100.00 100.00 100.00

Source. The City Study Establishment Survey.

twice that of movers. This resulted from the oversampling of large firms; the
sample average firm size of 135 persons is about twice as large as the
average firm size of the establishments in the population.!

4, SELECTED ESTIMATION RESULTS

We now turn to the estimation of the multinomial logit model (16).
Estimation is based on the Bogota establishment survey results and other
secondary data sources. Although the survey questionnaire was designed to
take no more than 1 hour to complete, it was comprehensive in coverage to
include plant characteristics, employment composition, transport access,
proximity to markets, local public services, and the respondent’s evaluation

HAccording to the industrial directory file of 1975, the average firm size of 1829 establish-
ments with 10 or more employees was 65 persons.
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TABLE 3
Sample Composition: Firm Type by Size

Employment size

Firm

type (L4 (5.9 (10,19 (20,49) (50,99 (100 or more) Total

Stationary 0 1 8 13 4 32 58
0.00 .72 1379 2341 6.90 55.17 100.00
0.00 25.00 38.10 34.21 23.53 72.73 46.03
— 6.00 16.25 3354 8175 324.72 194.66

Birth 1 2 3 9 1 2 18
556 1Lt 16.67 50.00 5.56 1L 100.00
50.00 50.00 1429  23.68 5.88 4.55 14.29
3.00 6.00 13.00 2656  63.00 174.00 39.11

Mover 1 1 10 16 12 10 50
2.00 200 2000 3200 2400 20.00 100.00
5000 2500 4752 4211 70.59 22.73 39.68
3.00 700 1350 3194 7875 335.60 99.14

Total 2 4 21 38 17 44 126
1.59 3.17 16.67 30.16 13.49 34.92 100.00
100.00 100.00 100.00 100.00 100.00 100.00 100.00

300 625 1448 3121 7853 320.34 134.53

Source. The City Study Establishment Survey.
“The bottom number in each group is the mean employment size of firms in that group.

of the plant location. Particular attention was given to the characteristics of
movers'? and the factors that influence location decisions.

In (16) specification of the dependent variable requires a stratification of
firms by type according to the vector of firm characteristics x; the indepen-
dent variables are the site characteristics Z. The survey instrument contains
a number of candidate variables for the stratification of firms to define the
dependent variable: variables related to output such as product type and
annual sales; variables related to technology such as type of production
process and building structure; and variables associated with inputs. for
instance, plant space, lot size, and the number of production workers. The
site characteristics to be used as independent variables include those associ-
ated with accessibility to various types of markets (product, material inputs,
and labor), and those related with the quality of local public services.

Of the 126 firms in the sample, 87 are in the textile and the fabricated
metal industries, the two major industries included in the study. We report
here estimated results obtained with the specifications shown in Table 4.

2Detailed analysis of movers appears in Lee (8],
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TABLE 4
Stratification of Dependent Variable
Number

Group Industry Floor space of Observations

1 SIC 321 and 322 Less than 1000 m* 17

2 SIC 321 and 322 1000 m? or more 26

3 SIC 381 and 382 Less than 1000 m? 27

4 SIC 381 and 382 1000 m? or more 17
Total 87

Note: SIC 321, textile; SIC 322, apparel; SIC 381, fabricated metal; and SIC 382, nonelectric
machinery.

For the dependent variable, the 87 firms in the two major industries are
grouped into two plant sizes according to floor space. The independent
variables are in the following categories: access to the local markets for
output and material inputs measured by the proportion of output sold and
inputs bought in Bogota, proximity to residential areas of production and
administrative workers, an index of the quality of local public services
measured by the frequency of electricity interruption, the extent of ag-
glomeration economies measured by the employment-location quotient of
individual industries in the zone of location, and the intensity of economic
activities and the degree of congestions measured by the population density
in the zone of location. The distance to the CBD is included as a measure of
accessibility to the city center.

Ideally, stratification for the dependent variable should be achieved by
more than the 2-way (and 4-cell) classification used here. The small sample
size, however, limits such possibilities. Therefore, we include two firm type
stratification variables on the right-hand side of the equation, specifically,
the year of initial operation at the present location that discriminates old
mature establishments against new ones and recent movers, and the owner-
ship dummy variable to distinguish renters from owners.

All independent variables entered the model as “group-specific”!? except
for the location-quotient variable and the ownership dummy variable; the
former being specified as “generic” within the same industry group, and the
latter within the same size group. In the estimation of this multinomial logit
formulation, Group 4 was used as the reference group. Therefore, the
estimated logit coefficients of group-specific variables should be interpreted
as relative differences with respect to the reference group. Hence, the signs
of the coefficients do not necessarily mean the direction of causation; they

'3 This expression is equivalent to *alternative-specific” in the multinomial-logit literature,
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only reflect the relative orders of magnitudes of individual coefficients with
respect to the reference group for a given independent variable.

Table S reports the estimated logit coefficients and ¢ statistics that are the
test of difference between the coefficients of a particular group with respect
to those of the reference group. In Table 5, Group 4 (large metal-fabricating
firms) was set as the reference group. The ¢ tests indicate that the differences
of coefficients are significant between two size groups (large as against
small), and are more robust within the same industry (Group 4 vs Group 3).
None of the coefficients of Group 2 (large textile firms) was statistically
significant. The likelihood ratio index of 0.29 indicates that the overall
goodness of fit is good. These patterns held true in the estimation of
alternative model specifications with lot size and employment variables in
place of the floor space variable.

To interpret the estimated logit coefficients the elasticities of probabilities
are calculated at sample means and reported in Table 6. This parameter
measures the percentage change in the probability of being in the /th group
with respect to 1% change in a given independent variable for that group. In
Table 6 we first observe that Group 3 (small metal-fabricating firms) has the
highest elasticity values for most of the variables; compared with the other
two, however, this group is least sensitive to the electricity interruption rate
ELECINT and the location quotient LOCQT. The most. important variable
that influences the probability of being in Group 3 is the measure of access
to the local input markets INPUTBT, followed by the measure of access to
the local product markets PRODSOLD. Local market orientation is very
important for this group.

For Group 1 (small textile firms), the measure of access to the local input
markets is also the most important variable, followed by proximity to
production workers’ residential areas WKSOUTH. The weakest variable in
this case is distance from the CBD, which implies that small textile firms
tend to locate near the CBD compared with the other 2 groups. As distance
from the CBD increases, the probability of being in Group 2 is three times
higher than that of being in Group 1. However, small metal-fabricating
firms tend to locate farther from the CBD than do textile firms of both size
groups.

In the case of large textile establishments (Group 2), it is interesting to
find that the most important variable is the location quotient LOCQT,
followed by the electricity interruption rate ELECINT, and the proximity to
the residential areas of administrative workers ADMNORTH. For this
group of large firms, the measure of access to local markets and the
proximity to production workers’ residential areas are rather unimportant.
Large textile firms tend to be more export-oriented and use capital-intensive
production facilities. Also, the fact that large firms have less likelihood of
locating in a densely populated area POPDENS is consistent with the
finding that they tend to locate farther from the CBD.




TABLE 5

Log,u Estimation of Fnrm Location Choice: DLandLnl Variable, Industry and Floor Spdcc

CONSTANT“ PRODSOLD lN PUTBT DISTCBD

Cocfficients
Group 1 —15.680 0.0i1 0.019 0.012
Group 2 ~2.128 0.008 —0.010 0.032
Group 3 —12.880 0.028 0.027 0.151
Group 4" - —_ — —
1 Stalistics
Group | 2.09** 0.74 1.39 0.07
Group 2 0.57 0.60 0.89 0.21
Group 3 2,07** 1.83* 2.05** 0.92
Group 4 — — — —
" Percent correctly predicted:  54.02 Number of observations:

Likelihood ratio index: 0.2903

Likelihood ratio statistic: 70.02

Source. The City Study Establishment Survey.
“Definitions of variables are given in the Appendix.
bGroup 4 is used as the base.

*Significant at the 5% level.
**Significant at the 2.5% level.

w KSOUTH ADMNORTH ELEC I NT l’OPDENS

0.014 —0.010 0.501 0.008 ] 0.749
0.003 —0.016 0.448 0.002
0.022 ~0.020 0.115 0 €>l2} 0.738
0.80 0.64 1.05 1.1 ] 1.69*
0.20 112 1.1 0.35 ’
133 1.40 0.24 1.89* } LTt
Growpt=17_ " T -

Group 2 = 26

Group 3 =27

Group4 =17

0.159
0.033
0.095

1.63*
0.60
1.20

LOCQT YRINOP RENTER

2069

2.069

2.67**

2.67**

§LT
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TABLE 6
Elasticities of Probability: Logit Estimation of Location Choice

Industry groups

by floor space PRODSOLD INPUTBT DISTCBD WKSOUTH ADMNORTH ELECINT POPDENS LOCQT YRINOP RENTER Share
Group | 0515 1.182 0.052 0.808 —0.496 0.711 0.794 0.544 9.264 1.665 0.1954
Group 2 0.272 -0.293 0.155 0.128 —0.538 0.556 0.124 0.722 1.585 — 0.2989
Group 3 1.367 i.455 0.584 1.120 —0.689 0.123 1.233 0.468 4.630 1.467 0.3103
Group 4 —_ — — — — — —_ — — — 0.1954

Source. The City Study Establishment Survey.

Notes. For delinitions of dependent and independent variables, see the Appendix.

The elasticity of probability is defined as e,, = (1 — p,)#,; X, , where p, is the share of ith group, b,; the jth logit coefficient of the ith group, and X, ; the
sample mean of the jth independent variable for the ith group.

It should be noted that the logit coefficients reported in Table 5 are the differences with respect to the cocfficients of the base group. Therefore, the values of
elasticitics in this table are the results based on (b,; — b}) instead of b,,, where b} is the coefficicnt of the base group.

e
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With such a small sample and a large number of independent variables,
the above results look promising. When the model was specified with lot size
and employment size as the stratifyir 3 variable (in place of the floor space),
the estimation results were quite similar to those reported here.

5. CONCLUDING REMARKS

This paper presents an abstract but empirically tractable model of em-
ployment location; it shows that the basic theoretical approach used in the
housing literature can provide a useful analytical framework for the study of
employment location. The results of the establishment survey conducted in
Bogota are used to test a multinomial logit specification of bid-rent function
following the approach used by Ellickson [4] in his housing study.

The estimation of the model was performed with a 2-way stratification of
dependent variable by the use of industry type and floor space, each having
two categories. Independent variables included were measures of access to
the output and input markets, indexes of concentration of economic activi-
ties, and a quality index of public utility services. Even though the sample
size was not large, the goodness of fit was satisfactory, and the estimated
model was capable of predicting, in probability terms, which types of firms
are likely to occupy a site with those characteristics specified by the
explanatory variables.

The predicted location patterns resulting from the model are consistent
with those expected a priori. For small firms the accessibilities to the local
input and output markets are most important; the benefits of accessibility
to the central area tend io compensate for the high land rent and congestion
costs in the high density area. On the other hand, large establishments,
which are more export-oriented and require more plant space with modern
production technology, tend to Jocate in outer areas where more space is
available at lower cost. The estimated results also show that for large firms,
the quality of public utility services is very important, and that the proxim-
ity to the residential areas is more important to administrative workers than
to production workers.

Separate regression results'® (using the same data set) indicate a strong
relationship between the intensity of input (labor and capital) use and land
price; given a well shaped (monocentric) rent gradient in Bogota,'” these
results support the hypothesis that the firms respond to the substitutability
of land with respect to other inputs over space, and this evidence is
consistent with the predictions obtained from the logit specification in this
paper. The patterns of employment location in Bogota are by no means

4 Reported in the earlier version of this paper presented at the Denver meetings of the
Econometric Society.
138ee footnote 5, and also Villamizar [14],
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random; they are quite similar to those observed for large cities in the
United States.

APPENDIX: DEFINITIONS OF VARIABLES IN TABLE 5

Dependent Variable
See Table 4

Independent Variables
CONSTANT Group specific constants
PRODSOLD Percent of products sold in Bogota
INPUTBT Percent of inputs bought in Bogota
DISTCBD Airline distance (km) from the CBD (the center of
comuna 31) to the establishment location (the center of the comuna where
the establishment is located)
WKSOUTH Percent of production workers living in the south
ADMNORTH Percent of administrative workers living in the north
ELECINT Frequency of electricity interruption;
(1. never; 2, once a week; 3, twice a week: 4, more than twice a week)
POPDENS Population per hectare of the comuna where the establishment is located
LOCQT Location quotient defined as comuna j’s share of industry i
relative to its share of total manufacturing employment (Separate values are
used for the two industry groups.)
YRINOP Year of initial operation at the present location
RENTER Ownership dummy: 1 if renter, 0 if owner.
(Assigned to establishments with floor space of less than 1000 m? in both
industry groups.)
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