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Abstract

The number of subcenters identified for the Chicago metropolitan area rises from

nine in 1970 to a forecasted 24 in 2020. Existing subcenters are becoming larger, and

are particularly likely to expand along major expressways. OLS and semiparametric

estimates suggest that employment density rises whereas population density falls near

subcenters.

� 2003 Elsevier Science Ltd. All rights reserved.

1. Introduction

Although the traditional central business district (CBD) still has the larg-

est single concentration of jobs in most large urban areas, employment has

become more decentralized over time as jobs have followed people to the

suburbs. Suburban job locations offer lower land costs than the CBD, ready

access to the highway system, and lower wages for firms whose workers live

predominantly in the suburbs. However, suburban employment locations do
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not enjoy the benefits of agglomeration offered by the traditional CBD. A

hybrid job location pattern combining large suburban employment subcen-

ters with a strong CBD can potentially offer firms the benefits of agglomer-

ation economies in either the central city or its suburbs. Large suburban

subcenters that rival the traditional CBD in size and scope have significant
effects on urban spatial structure as firms and households bid for nearby

sites.

By adding variables representing distance from various employment sites

other than the CBD, empirical researchers have long recognized that cities

are not truly monocentric. Identifying which sites to include as additional

explanatory variables requires local knowledge, which may turn out to be

inconsistent with the data. Dissatisfaction with ad hoc procedures for iden-

tifying subcenters has led to several formal identification procedures. Sub-
center identification procedures proposed by Craig and Ng (2001),

Giuliano and Small (1991), McDonald (1987), and McMillen (2001) offer

objective and rigorous methods of identifying subcenter sites with readily

available data. These procedures have been used to identify subcenters in

such diverse urban areas as Chicago, Cleveland, Dallas, Houston, Los An-

geles, Montreal, New Orleans, and the San Francisco Bay area. 1

With two exceptions, these studies identify subcenters for a point in time.

The exceptions are McMillen and McDonald (1998) and Small and Song
(1994), who use data from 1980 and 1990 to identify subcenters in Chicago

and Los Angeles, respectively. The static nature of existing studies leaves im-

portant questions open. Are subcenters increasing in number and geo-

graphic scope? Are new subcenters forming in more remote locations, or

are they forming near existing subcenters? Is the industry mix in subcenters

changing over time? Is the effect of subcenter proximity on urban spatial

patterns becoming more pronounced over time?

We use Giuliano and Small�s (1991) procedure to identify subcenters for
the Chicago metropolitan area in 1970, 1980, 1990, and 2000. We also use

employment forecasts generated by the Northeastern Illinois Planning Com-

mission to identify subcenters for 2020. In 1970, we find subcenters. The

number of subcenters increases to 13 in 1980, 15 in 1990, 32 in 2000, and

24 in 2020. Existing subcenters are becoming larger, and are particularly

likely to expand along major expressways. Although Chicago�s subcenters

had high concentrations of manufacturing jobs in the past, the industry

mix now closely resembles the overall metropolitan area. However, jobs in
the transportation, communications, and utilities sector remain over-repre-

sented in subcenters.

1 See Anderson and Bogart (2001), Bogart and Ferry (1999), Cervero and Wu (1997, 1998),

Coffey and Shearmur (2001, 2002), Craig and Ng (2001), Giuliano and Small (1991), McDonald

(1987), McDonald and Prather (1994), McMillen (2001), McMillen and McDonald (1997,

1998), and Small and Song (1994).
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We use distance to the nearest subcenter as an explanatory variable for

OLS and semiparametric estimates of employment and population density

functions. We find that employment density rises significantly near subcen-

ters. In contrast, population density tends to be lower near subcenters.

There is no uniform pattern over time in the estimated density gradients.

2. Identifying subcenters

By definition, employment levels in subcenters are large enough to have

significant effects on the overall spatial distribution of employment and pop-

ulation. However, subcenter locations are not necessarily known beforehand.

Many researchers use prior knowledge of local areas to form a list of sites
that they expect to have significant explanatory power. 2 Although we would

expect proximity to candidate subcenter sites to have significant effects in es-

timated employment density functions, in practice these variables may not be

significant even when the number of workers in the area appears to qualify a

priori for subcenter status. Listing too many subcenter sites produces ineffi-

cient estimates and can have significant effects on other estimated coefficients

when distance to a subcenter is highly correlated with other explanatory vari-

ables. Incorrectly omitting subcenters causes other estimates to be biased.
McDonald (1987) proposed the first rigorous subcenter identification pro-

cedure. He defines a subcenter as a cluster of significant positive residuals

from a simple regression of employment density on distance from the

CBD. McMillen (2001) follows a related approach using a nonparametric es-

timation procedure. Craig and Ng (2001) also use a nonparametric employ-

ment density function to identify subcenters. They define subcenters to be

areas with large employment levels in rings where the estimated density func-

tion is rising rather than falling with distance from the CBD. Mu~nniz et al.
(2002) follow a similar approach, using estimated spline functions to identify

density peaks. These regression-based approaches are particularly useful

when making comparisons across metropolitan areas, as in McMillen (2003).

All of these approaches use standard statistical criteria to guide the sub-

center choice: predicted densities are significantly higher within subcenters

than in surrounding areas. In contrast, Giuliano and Small (1991) define a

subcenter as a group of contiguous tracts that each have at least 10 employ-

ees per acre and that together have at least 10,000 employees. The number of
subcenters is sensitive to the cutoff points. Larger values of either cutoff pro-

duce fewer subcenters. Unlike the objectivity of statistical measures of sig-

nificance, the choice of cutoff points requires local knowledge to produce

2 Prominent examples of such studies include Bender and Hwang (1985), Dowall and

Treffeisen (1991), Gordon et al. (1986), Greene (1980), Griffith (1981), Heikkila et al. (1989),

Richardson et al. (1990), and Shukla and Waddell (1991).
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reasonable results. For example, Bogart and Ferry (1999) and Giuliano and

Small (1991) use lower minimum densities in collar counties to avoid having

excessively large subcenters in the central county.

In this paper, we use Giuliano and Small�s approach for identifying sub-

centers because it has advantages when comparing results for a single city
over time. The primary advantage of regression-based approaches—which

is the adaptability of statistical cutoff points to local conditions—becomes

a disadvantage when analyzing the evolution of subcenters over time. Differ-

ent cutoff values will be implied for different years. Density functions will fit

better in years for which the data have been constructed more accurately,

leading to lower standard errors and potentially different subcenter bound-

aries even when data problems only affect areas outside of true subcenters.

Statistical significance becomes a moving target. Using the same cutoff
points over time provides a more accurate picture of the spatial evolution

of individual subcenters.

After some experimentation, we chose constant cutoff points of 15 em-

ployees per acre and 10,000 total workers. These values produce a reason-

able number of subcenters in each time period. 3 Our basic unit of

observation is the quarter section, which is a quarter square mile, or 160

acres. This small unit of observation produces pockets of low density in

the midst of high-density areas. If these low-density areas do no meet the
cutoff, subcenters may be overlooked because the set of contiguous high-

density tracts fails to meet the total employment cutoff. Alternatively, the

low-density pockets may produce a string of small neighboring subcenters

that are more reasonably thought of as a single entity. Thus, we define

two tracts as ‘‘contiguous’’ if they are within 1.5 miles of one another, which

is generally a distance of three quarter sections. 4 Small geographic units will

produce few subcenters unless the definition of contiguity is not taken liter-

ally. The minimum distance between ‘‘contiguous’’ tracts is another param-
eter that can be varied when identifying subcenter sites.

3. Density functions

Our basic estimating equation for both population and employment den-

sity is the simple and commonly used semi-logarithmic form:

3 We use the same cutoff points in Cook County as in the collar counties because some of

Chicago�s subcenters straddle county lines, making it difficult to determine where to draw

boundaries for the cutoff points.
4 For the remainder of the paper, we use the word ‘‘tract’’ synonymously with ‘‘quarter

sections.’’ Quarter sections have 159 acres, on average, with a range of 0.75–327. Topographic

irregularities and occasional surveying adjustments for the curvature of the earth result in some

variation in areas.
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ln yi ¼ a þ d1DCBDi þ d2DAIRi þ d3DSUB�1
i þ Xib þ ui: ð1Þ

In Eq. (1), yi represents either population or employment density (total

residents or workers per acre) in quarter section i, and DCBD, DAIR, and

DSUB represent distances from the Chicago city center, O�Hare Airport,

and the nearest subcenter. 5 The vector Xi includes the remaining explana-

tory variables, which are all simple dummy variables representing proximity

to various sites that can be expected to affect densities. Eq. (1) can, of
course, be estimated simply by OLS. We enter DSUB in inverse form be-

cause we find that the effect of proximity to a subcenter declines rapidly with

distance. Proximity to subcenters increases densities if d3 > 0, and the effect

rises over time if this coefficient becomes larger over time. Details on the

empirical specification of Eq. (1) are provided in Section 4.

We focus on Eq. (1) when discussing our empirical results because it

tends to fit the data well. However, simple linear models can produce mis-

leading results because spatial models frequently require highly nonlinear
functional forms to represent the data adequately. As a robustness check,

we also present the results of a semiparametric estimation procedure. Semi-

parametric estimators combine the flexibility of nonparametric regression

with the efficiency of standard parametric models. Unlike flexible estimators

such as cubic spline functions, semiparametric estimators account directly

for interactions between variables that are in the nonparametric part of

the model. 6 In contrast with standard nonparametric estimators such as lo-

cally weighted regression (e.g., Fu and Somerville, 2001; McMillen and Mc-
Donald, 1997; Meese and Wallace, 1991), semiparametric estimators suffer

less from the ‘‘curse of dimensionality’’ caused by a rapid increase in vari-

ances as the number of explanatory variables modeled nonparametrically in-

creases. Also, dummy variables are more easily incorporated into

semiparametric models and hypothesis testing is easier when a portion of

the model is parametric. Our objective of estimating the effects of subcenter

proximity on densities can be carried out directly using a simple parametric

structure for the variable DSUB�1.
The version of the semiparametric model we estimate is written as

ln yi ¼ f ðDCBDi;DAIRiÞ þ dDSUB�1
i þ Xib þ ui: ð2Þ

Eq. (2) controls for general spatial effects, expressed as a function of distance

from the city center and O�Hare Airport, while using a parametric structure

for the effects of other variables. Hypothesis testing is easy for distance from

5 A long tradition of population density studies is reviewed in McDonald (1989). Some

examples of empirical studies of employment density include Booth (1999), Combes (2000),

McDonald (1985), McDonald and Prather (1994), McMillen and McDonald (1997), Small and

Song (1994), and Waddell and Shukla (1993).
6 See Anderson (1982, 1985) for good urban examples of spline function estimation.
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the nearest subcenter because the effects of this variable are captured entirely

by the coefficient d. Examples of semiparametric models of urban rela-

tionships include Anglin and Gencay (1996), Pace (1995), Stock (1991), and

Thorsnes and McMillen (1998).

Following Robinson (1988), and using the vector z to represent the ex-
planatory variables DCBD and DAIR, the semiparametric estimation proce-

dure proceeds as follows. First, use a nonparametric procedure to estimate

Eðln yi j ziÞ, EðDSUB�1 j ziÞ, and EðXi j ziÞ. Each of these variables—ln y,

DSUB�1, and each xk—becomes the dependent variable for a nonparametric

regression with DCBD and DAIR as the explanatory variables. The residu-

als from these regressions are ey , es, and ex. Next, using OLS, regress ey on es
and ex to estimate d and b, respectively. The usual standard errors from this

regression are consistent estimates of the standard errors of d̂d and b̂b.
We use Cleveland and Devlin�s (1988) nonparametric estimator, locally

weighted regression (LWR), to calculate the conditional expectations. The

estimator has been used in several urban applications, including Fu and

Somerville (2001), McMillen and McDonald (1997), and Meese and Wallace

(1991). Cleveland and Devlin approximate the general nonparametric func-

tion with a simple linear regression, with more weight given to observations

that are closer to the target tract. Following previous urban research, we use

the tricube function to define the weight given to observation j when con-
structing an estimate for observation i. This weight is written as

uij ¼ Iðqij < xiÞð1 � ðqij=xiÞ3Þ3
; ð3Þ

where qij is the distance between tracts i and j, and Iðqij < xiÞ is an indicator

variable that equals one when the distance between tracts i and j is less than

xi miles. The estimated value at observation i is then simply the prediction
from a weighted least squares regression of the dependent variable on z,

using uij for the weights.

Only observations closer than xi miles from observation i are used in es-

timation. The number of observations used for each regression is the window

size. Small window sizes lead to small bias but large variances. The choice of

window sizes is much more important than the choice of functions for the

weights in Eq. (3). We vary the window size to determine whether the results

for d̂d are sensitive to this choice. To conserve space, only the results for this
coefficient are presented here. The full set of results is available on request.

4. Data

Data on employment and population were provided by the Northeastern

Illinois Planning Commission (NIPC). NIPC conducts decennial land use

surveys for the six-county Chicago PMSA. The six counties are Cook, Du-
Page, Kane, Lake, McHenry, and Will. The unit of observation is the quar-
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ter section. There are slightly more than 15,000 quarter sections in these six

counties. NIPC provided employment data for 1970, 1980, 1990, 2000, and

forecasts for 2020. Population data are not yet available for quarter sections

in 2000, although forecasts are available for 2020. Comparisons over time

for individual quarter sections are not completely reliable because the meth-
odology used in the surveys has changed somewhat over time. In 1970 and

2020, NIPC reports employment data for any quarter section with jobs. In

1980 and 1990, only quarter sections with 10 or more employees are in-

cluded in the data set. In 2000, the minimum level of employment is 8. As

a result of this limitation, the data set has more tracts with positive values

for employment in 1970 than in 1980–2000, despite the general decentraliza-

tion of the Chicago metropolitan area during this time.

The Giuliano and Small (1991) subcenter identification procedure only
requires data on employment density and the location of the tracts. To cal-

culate the effects of subcenters on Chicago�s spatial structure, we supplement

the NIPC data set with standard explanatory variables and estimate em-

ployment and population density regressions. The first two of these vari-

ables are distance in straight-line miles from the center of Chicago�s CBD

(at the intersection of State and Madison streets) and distance from O�Hare

Airport. Distance from the CBD is the primary explanatory variable in any

study of densities, and O�Hare Airport has an extremely large concentration
of employment that potentially has widespread effects on any spatial

variable.

Other explanatory variables have much more localized effects on densi-

ties. After some experimentation, we found that simple dummy variables

provide the best overall fit for these variables. We include dummy variables

that equal one when a tract is within 1/3 and between 1/3 and 1 mile of the

following sites: a highway interchange, a commuter rail station, an elevated

train station (the ‘‘el’’), a station on an electric line serving the South Side,
and Lake Michigan. We distinguish between commuter rail, el, and electric

train lines because they serve different areas and clienteles. The commuter

rail lines primarily serve the suburbs, and have long intervals between stops.

El lines are nearly entirely within the City of Chicago, and have frequent

stops. The electric train line is something of a hybrid. It runs from down-

town Chicago to the distant southern suburbs, along with a separate spur

to Northwest Indiana. Although in large part it serves a suburban clientele,

it resembles the el in making frequent stops within the city.
We expect densities to be higher near highway interchanges and train sta-

tions because firms and households will pay a premium to be close to trans-

port nodes. We also expect densities to be higher near Lake Michigan, which

is a key amenity in the Chicago area. It is important to bear in mind, how-

ever, that our density measures are gross rather than net: total land area is

the denominator rather than land area in the given use. This distinction is

particularly important when analyzing the results for proximity to Lake
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Michigan. The lakefront is lined with parks, which are included in the den-

sity denominator. Net population and employment densities may be quite

high along the lakefront while gross densities are low.

Our regressions include several simple dummy variables. The first dummy

variable indicates whether the Sanitary and Ship Canal or the Chicago River
runs through the quarter section. Both the river and canal serve as industrial

sites, which may produce high employment densities. However, they are

otherwise relatively unattractive areas with low land values. Although the

net effect on employment density is unclear, we expect river or canal sites

to have low population densities. We also include a dummy variable indicat-

ing that a freight rail line runs through the tract. These tracts are traditional

industrial sites and do not have significant negative amenities associated

with them. Thus, we expect them to have high employment density, whereas
the effect on population density is unclear. Finally, we include a dummy var-

iable indicating that a quarter section is within the city limits of Chicago.

This variable captures any differences in zoning, political climate, or histor-

ical influences that are not directly taken into account by other explanatory

variables.

Our final explanatory variable is distance from the nearest subcenter. The

number of subcenters identified for Chicago grows over time to as many as

32 in 2000. Including separate measures of distance for each subcenter pro-
duces inaccurate results because the variables are highly correlated. One

method of avoiding this multicollinearity is to define discrete measures of

distance, such as dummy variables indicating that a site is within a mile

of a subcenter. One of our objectives is to determine whether the effect of

subcenters is spreading over a larger area over time. We found that includ-

ing a single measure—distance from the nearest subcenter—is a more useful

approach for analyzing the change over time in the overall influence of sub-

centers on densities.
Descriptive statistics for the entire data set are presented in the first col-

umn of Table 1. We restrict the analysis to quarter sections that are within

50 miles of the Chicago city center, leaving 13,276 observations in the data

set. Sites farther away have low levels of employment and population and

are far from highways and train lines, leaving little to explain in a regression.

For the population density regressions, we add a further restriction that sites

must be more than one mile from the CBD. We add this restriction because

data limitations require us to use gross density measures rather than net.
Quarter sections are almost entirely commercial near the CBD. The small

amount of residential land is built at a high density, but gross population

density is small. Many researchers find an initial upward slope to the pop-

ulation density function that is a direct result of using total land area for

the density denominator, rather than residential land area. The distinction

between gross and net densities is not as vital beyond a mile from the

CBD, and gross densities decline smoothly with distance beyond this point.
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Statistics for sites with workers—the basis for the employment density re-

gressions—are presented in the remainder of Table 1. Table 2 presents de-

scriptive statistics for tracts with residents, which are the basis for the

population density regressions. Relative to the full sample of quarter sec-
tions, sites with employment are closer to the city center and O�Hare Air-

port. For example, the average distance of the full sample of quarter

sections from O�Hare Airport is 25.43 miles, whereas the average distance

Table 1

Descriptive statistics for employment density regressions

All obs. 1970 1980 1990 2000 2020

Miles from city center 30.94

(11.75)

24.42

(11.73)

22.57

(11.10)

23.45

(11.17)

23.48

(11.06)

26.20

(11.68)

Miles from O�Hare Airport 25.43

(11.15)

19.64

(9.69)

18.78

(9.59)

19.16

(9.57)

19.15

(9.46)

21.56

(10.73)

0–1/3 mile from highway

interchange

4.15 6.30 7.50 7.43 6.92 6.41

1/3–1 mile from highway

interchange

14.00 20.14 21.97 21.11 21.08 18.94

0–1/3 mile from commuter rail

station

1.30 2.81 3.30 2.84 2.79 2.27

1/3–1 mile from commuter rail

station

9.96 19.42 20.31 19.03 19.09 15.71

0–1/3 mile from el station 1.14 2.59 3.05 2.73 2.81 2.09

1/3–1 mile from el station 2.83 6.24 7.28 6.54 6.42 5.06

0–1/3 mile from station on

electric line

0.35 0.77 0.89 0.80 0.82 0.64

1/3–1 mile from station on

electric line

1.77 3.41 3.82 3.56 3.20 2.92

0–1/3 mile from Lake

Michigan

1.14 1.44 1.33 1.19 1.04 0.98

1/3–1 mile from Lake

Michigan

1.60 3.36 3.58 3.22 3.13 2.51

Chicago River or Canal runs

through tract

0.53 0.98 1.27 1.10 0.99 0.93

Freight rail line within tract 18.01 26.67 28.90 27.47 27.03 24.01

Within City of Chicago 7.98 16.47 19.13 17.26 16.63 13.43

Employees per acre 3.40

(22.15)

4.00

(18.62)

4.11

(18.83)

4.81

(21.48)

4.58

(20.18)

Log of employees per acre )1.03

(2.32)

0.16

(1.55)

0.25

(1.49)

0.23

(1.58)

0.17

(1.79)

Distance from nearest

subcenter

13.26

(9.64)

9.48

(7.85)

7.76

(6.70)

5.11

(5.12)

7.04

(6.44)

Inverse of distance from

nearest subcenter

0.24

(0.47)

0.37

(0.62)

0.44

(0.71)

0.63

(0.82)

0.55

(0.84)

Number of observations 13276 5830 4944 5534 5375 7239

Notes. Standard deviations are in parentheses for continuous variables. For all other vari-

ables, the number shown is the percentage of observations for which the variable equals 1. The

columns with year labels present statistics for quarter sections containing employment for the

indicated year. All observations are within 50 miles of the Chicago city center.
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from the airport for tracts having employment ranges from 18.78 miles in

1980 to 21.56 miles in 2020. Sites having employment also are closer to

high-way interchanges and any of the three types of train stations. Sites near

Lake Michigan, the river or canal, and freight lines are also more likely to

have workers. In contrast, the distribution of quarter sections having resi-

dents does not differ greatly from the overall distribution of tracts.

5. Subcenters, 1970–2020

Figs. 1–5 show the locations of the quarter sections that meet our subcen-

ter criteria in 1970, 1980, 1990, 2000, and 2020. The number of subcenters

rises from 9 in 1970 to 13 in 1980, 15 in 1990, and 32 in 2000. The NIPC

employment forecasts lead to a prediction of 24 subcenters in 2020. Fig. 1

Table 2

Descriptive statistics for population density regressions

1970 1980 1990 2020

Miles from city center 30.24

(12.00)

30.02

(11.63)

30.24

(11.66)

30.48

(11.64)

Miles from O�Hare Airport 25.11

(11.09)

24.50

(10.96)

24.63

(10.90)

24.86

(10.82)

0–1/3 mile from highway interchange 4.26 4.40 4.12 4.05

1/3–1 mile from highway interchange 14.28 14.48 14.04 13.80

0–1/3 mile from commuter rail station 1.60 1.54 1.52 1.47

1/3–1 mile from commuter rail station 11.74 11.47 11.33 10.99

0–1/3 mile from el station 1.37 1.30 1.27 1.20

1/3–1 mile from el station 3.45 3.25 3.23 3.12

0–1/3 mile from station on electric line 0.41 0.39 0.39 0.38

1/3–1 mile from station on electric line 1.92 1.88 1.83 1.82

0–1/3 mile from Lake Michigan 0.79 0.85 0.81 0.87

1/3–1 mile from Lake Michigan 1.86 1.72 1.71 1.63

Chicago River or Canal runs through

tract

0.39 0.37 0.38 0.38

Freight rail line within tract 18.47 18.45 18.21 18.04

Within City of Chicago 8.77 8.26 8.04 7.84

Population per acre 4.26

(9.40)

4.10

(8.11)

4.11

(7.54)

4.87

(7.93)

Log of population per acre )0.73

(2.36)

)0.59

(2.36)

)0.43

(2.33)

0.12

(2.16)

Distance from nearest subcenter 18.63

(10.49)

15.07

(9.36)

12.48

(8.72)

9.34

(7.09)

Inverse of distance from nearest subcenter 0.15

(0.36)

0.20

(0.42)

0.26

(0.50)

0.38

(0.66)

Number of observations 10139 10702 10906 11454

Notes. Standard deviations are in parentheses for continuous variables. For all other vari-

ables, the number shown is the percentage of observations for which the variable equals 1. All

observations have residents in the indicated year and are 1–50 miles from the Chicago city

center.
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shows that in 1970 there was a subcenter in Hyde Park on the south side of

Chicago, along with a ring of subcenters that nearly encircles the city. Both

the number and the geographic scope of the subcenters expand over time.

O�Hare Airport, which is at the boundary of Cook and DuPage counties

on the northwest side, is the center of a large conglomeration of subcenter

employment. Another group of subcenters spreads along the I-88 toll way
running west out of the city. In 2000, small subcenters appear at the fringes

of the metropolitan area in Kane County and in Will County. These sites are

in the old satellite cities of Elgin, St. Charles, Aurora, and Joliet.

The NIPC forecasts suggest that the satellite cities will not continue to

qualify for subcenter status in 2020. In 2020, also, several subcenters along

I-88 and near O�Hare that formerly were separate are predicted to merge. As

Fig. 1. Subcenter locations in 1970.
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a result of these two trends, fewer subcenters are predicted for 2020 that

2000. However, the average subcenter is predicted to be larger in 2020 than
in 2000 as subcenters cover more territory. The general pattern of Figs. 1–5

is one of rapidly expanding subcenters, with most of the growth occurring

near O�Hare Airport and along the major highways serving the city.

Table 3 presents data on the employment levels and industry mix in the

Chicago metropolitan area and its subcenters. Data on the industry mix are

available for 1980, 1990, and 2000 only. The region had 3,167,516 jobs in

1970. Total employment rose to 4,084,432 in 2000, and NIPC projects con-

tinued growth to 5,280,000 jobs in 2020. Only 6.8% of the jobs were located
in subcenters in 1970, with the percentage rising to 9.8% in 1980, 13.5% in

1990, and 25.9% in 2000. For 2020, NIPC forecasts a moderate reversal

Fig. 2. Subcenter locations in 1980.
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of the trend toward employment decentralization, which leads to a smaller

percentage—21.0%—of the region�s jobs being located in subcenters then.
Manufacturing has accounted for a smaller proportion of the Chicago

metropolitan area�s jobs over time, while the service sector has grown. Man-

ufacturing accounted for 26.0% of the region�s jobs in 1980, compared with

18.2% in 1990 and 15.1% in 2000. Service sectors jobs rose from 14.2% of the

total in 1980 to 20.6% in 1990 and 26.0% in 2000. The percentage of jobs in

the remaining sectors—retail; transportation, communications, and utilities

(TCU); and financial, insurance, and real estate (FIRE)—has been steady

over time. The decline in manufacturing employment is more pronounced
within the subcenters. Manufacturing jobs accounted for 39.2% of subcenter

employment in 1980 when subcenters were concentrated near O�Hare and

Fig. 3. Subcenter locations in 1990.
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near the Chicago city limits. In 1990, this percentage fell to 25.2%, and only

15.9% of subcenter employment is in manufacturing in 2000. Service sectors
jobs accounted for 15.8% of subcenter employment in 1980, rising to 20.1%

in 1990 and to 23.2% in 2000. The industry mix within subcenters now clo-

sely resembles the mix for the entire region, with the exception of TCU,

which continues to be over-represented within subcenters.

6. Estimated employment and population density functions

The OLS employment density regressions are presented in Table 4.

Chicago was a more centralized city in 1970 than it is today. Employment

Fig. 4. Subcenter locations in 2000.
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density is estimated to decline by 5.7% with each mile from the city center in

1970, compared with 1.5% in 2000. The NIPC forecasts imply that the gra-

dient will rise back to 2.0% in 2020, which is comparable to the 1980 or 1990

gradient. As the central city has declined in relative importance, O�Hare Air-

port has grown. The estimated O�Hare gradient is statistically insignificant

in 1970, whereas it is significant in 1980, 1990, and 2020. However, the
O�Hare gradient is statistically insignificant in 2000 after controlling for

proximity to subcenters, which are concentrated around the airport. The in-

crease over time in the coefficients for the dummy variables representing

proximity to a highway interchange is also evidence of the continued decen-

tralization of the Chicago area. In addition, locations within the City of Chi-

cago used to be associated with higher densities, whereas the City of

Chicago dummy variable is statistically insignificant in 2000 and 2020.

Fig. 5. Subcenter locations in 2020.
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Other results are as expected. Employment density is higher near stations

on commuter rail lines, the el, or electric train lines. Proximity to Lake

Michigan has little effect on employment densities. Sites along the Chicago

River and the Sanitary and Ship canal tend to have higher employment den-

sities. Densities are significantly higher in tracts containing freight rail lines.

Chicago still is the center of the nation�s rail system, and sites along naviga-

ble waterways and freight lines attract manufacturing firms.

The importance of subcenters is evident in the pattern of the estimated co-
efficients for the inverse of distance from the nearest subcenter. The estimated

coefficient is positive and statistically significant in each year. In 1970, the es-

timated marginal effect of distance from the nearest subcenter is

�0:710=DSUB2. The minimum value for DSUB is 0.25. Therefore, the

estimated marginal effect of distance from the nearest subcenter is )11.360

Table 3

Subcenter characteristics

All sectors Manuf. Retail Service TCU FIRE

1970: nine subcenters

Total employment 3,167,516

Subcenter employment

(% of sector total)

216,748

(6.8%)

1980: 13 subcenters

Total employment

(% of total)

3,193,710

(100.0%)

831,530

(26.0%)

513,880

(16.1%)

453,690

(14.2%)

445,500

(13.9%)

218,670

(6.8%)

Subcenter employment

(% of sector total)

312,450

(9.8%)

122,370

(14.7%)

40,670

(7.9%)

49,470

(10.9%)

52,180

(11.7%)

18,350

(8.4)

% of total subcenter

employment

100.0% 39.2% 13.0% 15.8% 16.7% 5.9%

1990: 15 subcenters

Total employment

(% of total)

3,631,400

(100.0%)

661,180

(18.2%)

595,600

(16.4%)

747,140

(20.6%)

500,320

(13.8%)

294,120

(8.1%)

Subcenter employment

(% of sector total)

488,870

(13.5%)

123,010

(18.6%)

53,550

(9.0%)

98,390

(13.2%)

119,570

(23.9%)

27,740

(9.4%)

% of total subcenter

employment

100.0% 25.2% 11.0% 20.1% 24.5% 5.7%

2000: 32 subcenters

Total employment

(% of total)

4,084,432

(100.0%)

615,430

(15.1%)

635,872

(15.6%)

1,062,439

(26.0%)

529,953

(13.0%)

309,621

(7.6%)

Subcenter employment

(% of sector total)

1,058,770

(25.9%)

168,412

(27.4%)

162,880

(25.6%)

245,588

(23.1%)

197,139

(37.2%)

68,223

(22.0%)

% of total subcenter

employment

100.0% 15.9% 15.4% 23.2% 18.6% 6.4%

2020: 24 subcenters

Total employment 5,280,000

Subcenter employment

(% of total)

1,110,808

(21.0%)
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at subcenter sites, with the effect falling to )0.710 after one mile and to )0.178

after two miles. In 2000, the estimated marginal effects are)9.920 at subcenter

sites, )0.620 after one mile, and )0.155 after two miles. The change in subcen-

ter gradients is not uniform over time. The gradients are highest in 1970 and

2000, while the 2020 NIPC forecast produce the lowest gradient estimate.

Table 5 presents comparable regression results for population density. The

results suggest that the city center still has a significant effect on population

Table 4

OLS employment density regressions

1970 1980 1990 2000 2020

Constant )0.467

(4.919)

0.226

(2.989)

0.466

(6.564)

0.008

(0.094)

0.940

(12.183)

Miles from city center )0.057

(15.987)

)0.022

(7.920)

)0.024

(9.291)

)0.015

(5.360)

)0.020

(7.572)

Miles from O�Hare Airport 0.002

(0.537)

)0.008

(2.991)

)0.010

(3.933)

)0.003

(0.900)

)0.036

(13.931)

Inverse of distance from nearest

subcenter

0.710

(12.634)

0.520

(14.945)

0.547

(19.399)

0.620

(22.479)

0.455

(17.484)

0–1/3 mile from highway

interchange

0.158

(1.547)

0.209

(2.829)

0.266

(3.912)

0.319

(4.010)

0.388

(5.142)

1/3–1 mile from highway

interchange

0.132

(2.127)

0.184

(3.925)

0.181

(4.141)

0.211

(4.255)

0.158

(3.319)

0–1/3 mile from commuter rail

station

0.941

(6.328)

0.539

(4.972)

0.588

(5.531)

0.636

(5.209)

0.565

(4.611)

1/3–1 mile from commuter rail

station

0.563

(8.888)

0.206

(4.234)

0.105

(2.315)

0.135

(2.609)

0.097

(1.899)

0–1/3 mile from el station 1.052

(6.220)

0.822

(6.668)

1.054

(8.870)

0.725

(5.386)

1.058

(7.536)

1/3–1 mile from el station 0.620

(5.275)

0.309

(3.566)

0.552

(6.640)

0.276

(2.883)

0.457

(4.683)

0–1/3 mile from station on

electric line

0.783

(2.820)

0.510

(2.505)

0.549

(2.792)

0.552

(2.500)

0.783

(3.449)

1/3–1 mile from station on

electric line

0.142

(1.016)

0.115

(1.109)

)0.066

(0.670)

0.008

(0.066)

0.321

(2.881)

0–1/3 mile from Lake Michigan )0.244

(1.215)

)0.104

(0.633)

)0.230

(1.441)

0.179

(0.926)

)0.014

(0.078)

1/3–1 mile from Lake Michigan 0.315

(2.284)

0.210

(1.992)

0.079

(0.779)

0.189

(1.612)

0.194

(1.629)

Chicago River or Canal runs

through tract

0.436

(1.758)

0.435

(2.546)

0.259

(1.550)

0.637

(3.160)

)0.019

(0.101)

Freight rail line within tract 0.725

(12.685)

0.413

(9.475)

0.374

(9.231)

0.304

(6.579)

0.450

(10.274)

Within City of Chicago 1.065

(11.668)

0.495

(7.313)

0.162

(2.509)

)0.033

(0.442)

0.071

(0.964)

R2 0.404 0.299 0.295 0.214 0.312

Number of observations 5830 4944 5534 5375 7239

Notes. Absolute t values are in parentheses. The dependent variable is the natural logarithm

of employment density per acre.
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densities. O�Hare Airport also has a large and widespread effect on densities.

Population density is lower near highway interchanges because these locations

are in highest demand by businesses. However, population density is signifi-

cantly higher near stations on commuter rail, el, and electric train lines. Pop-

ulation density tends to be low in tracts bordering Lake Michigan—sites

dominated by parks—but is high in tracts 0–1/3 miles from the lakeshore. Pop-
ulation density is low in the primarily industrial tracts along the Chicago River

Table 5

OLS population density regressions

1970 1980 1990 2020

Constant 2.408

(33.752)

2.682

(35.136)

3.062

(39.732)

3.603

(46.449)

Miles from city center )0.071

(29.920)

)0.076

(30.359)

)0.071

(29.079)

)0.065

(27.879)

Miles from O�Hare Airport )0.052

(24.171)

)0.047

(20.381)

)0.060

(25.728)

)0.059

(25.593)

Inverse of distance from nearest

subcenter

)0.036

(0.674)

)0.321

(6.668)

)0.276

(6.864)

)0.403

(13.032)

0–1/3 mile from highway interchange )0.204

(2.415)

)0.279

(3.181)

)0.207

(2.339)

)0.195

(2.261)

1/3–1 mile from highway interchange 0.118

(2.394)

)0.005

(0.101)

0.044

(0.856)

0.057

(1.138)

0–1/3 mile from commuter rail station 0.996

(7.348)

1.036

(7.138)

0.936

(6.575)

0.754

(5.402)

1/3–1 mile from commuter rail station 0.920

(16.703)

0.872

(14.951)

0.772

(13.498)

0.587

(10.513)

0–1/3 mile from el station 0.641

(4.023)

0.649

(3.745)

0.393

(2.297)

0.425

(2.519)

1/3–1 mile from el station 0.575

(5.246)

0.653

(5.435)

0.331

(2.811)

0.347

(3.016)

0–1/3 mile from station on electric line 1.454

(5.565)

1.446

(5.101)

1.380

(4.953)

1.396

(5.143)

1/3–1 mile from station on electric line 1.075

(8.556)

0.908

(6.765)

0.872

(6.596)

0.659

(5.141)

0–1/3 mile from Lake Michigan )0.164

(0.874)

)0.885

(4.637)

)0.715

(3.750)

)1.253

(7.074)

1/3–1 mile from Lake Michigan 0.665

(5.245)

0.629

(4.519)

0.635

(4.664)

0.415

(3.087)

Chicago River or Canal runs through

tract

)1.223

(4.591)

)1.928

(6.663)

)1.917

(6.826)

)1.803

(6.736)

Freight rail line within tract 0.266

(5.893)

0.131

(2.762)

0.059

(1.267)

)0.071

(1.571)

Within City of Chicago 0.843

(10.192)

0.723

(8.071)

0.581

(6.563)

0.286

(3.331)

R2 0.521 0.433 0.437 0.366

Number of observations 10139 10702 10906 11454

Notes. Absolute t values are in parentheses. The dependent variable is the natural logarithm

of population density per acre.
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and Sanitary and Ship Canal. Despite the prevalence of industrial firms, pop-

ulation density was high along freight rail lines in 1970 and 1980. This result,

which may be caused by an attempt to live close to the workplace, disappears

by 1990 as population became more widespread in the suburbs.

In contrast to the results for employment density, the estimates shown in
Table 5 imply that population density increases with distance from the near-

est subcenter. This result is consistent with the findings of McMillen and

McDonald (2000). They find that commercial real estate developments in

the Chicago suburbs were attracted to sites near subcenters during the

1990s, whereas homes were more likely to be developed in more distant lo-

cations. These results suggest that subcenters are still primarily a non-resi-

dential phenomenon. Although O�Hare Airport has widespread effects on

employment and population, other subcenters are not yet large enough to
lead to large increases in population density in neighboring sites.

Semiparametric density gradient estimates are shown in Table 6. The re-

sults are not highly sensitive to the window size. Compared with Table 4, the

only major changes for the employment density gradient are in 1970 and

2020: the semiparametric estimation procedure produces lower gradients

Table 6

Alternative window sizes and the effects of distance from the nearest subcenter

10% 25% 50% 75% 100%

Employment density

1970 0.638

(9.664)

0.589

(9.454)

0.547

(9.113)

0.593

(10.145)

0.687

(12.116)

1980 0.598

(14.585)

0.544

(14.412)

0.521

(14.275)

0.513

(14.320)

0.520

(14.887)

1990 0.650

(20.223)

0.612

(20.308)

0.587

(20.051)

0.570

(19.833)

0.554

(19.580)

2000 0.701

(23.310)

0.669

(23.352)

0.653

(22.993)

0.640

(22.728)

0.631

(22.651)

2020 0.707

(25.084)

0.663

(24.494)

0.613

(22.991)

0.582

(21.964)

0.532

(20.275)

Population density

1970 )0.174

(3.039)

)0.147

(2.616)

)0.117

(2.131)

)0.057

(1.063)

)0.032

(0.602)

1980 )0.441

(8.194)

)0.389

(7.453)

)0.326

(6.394)

)0.279

(5.595)

)0.264

(5.460)

1990 )0.226

(5.049)

)0.195

(4.497)

)0.172

(4.081)

)0.163

(3.934)

)0.190

(4.667)

2020 )0.302

(8.791)

)0.259

(7.754)

)0.256

(7.873)

)0.288

(9.010)

)0.329

(10.448)

Notes. Estimated coefficients for the inverse of distance from the nearest subcenter are

followed by z values in each cell. The columns headings show the percentage of the observations

that receive weight in the locally weighed regressions.
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for 1970 and higher gradients for 2020 than OLS. The semiparametric

results imply a reasonable pattern of gradients that generally increase over

time as the subcenters expand. The semiparametric population density gra-

dients are also generally similar to the OLS estimates, with uniformly neg-

ative coefficients. Table 6 establishes that our density gradient estimates
are robust, and are not an artifact of a restrictive functional form.

7. Conclusion

This paper differs from previous research by documenting changes in sub-

center locations over an extended period of time. Subcenters grew signifi-

cantly in the Chicago area between 1970 and 2000, both in frequency and
in area. We identify 9 subcenters in 1970—a large number for a city gener-

ally thought to epitomize the stylized monocentric model, but much smaller

than the 32 found for 2000. Employment forecasts made for the Chicago

area by the Northeastern Illinois Planning Commission imply that the num-

ber of subcenters will fall to 24 in 2020 as several satellite cities no longer

meet the criteria for subcenter status and several formerly distinct subcen-

ters merge together.

We use distance from the nearest subcenter as an explanatory variable in
employment and population density regressions. Our results imply that dis-

tance from the CBD still has a significant and widespread influence on den-

sities in the Chicago metropolitan area. Subcenters also have pronounced

effects on the distribution of jobs. Our results suggest that firms tend to lo-

cate near important parts of the transportation system—near highway inter-

changes, rail stations, and along freight rail lines. In this city that still is well

served by public transportation, population density also tends to be high

near rail stations. However, apart from O�Hare Airport, Chicago�s subcen-
ters are still not large enough to cause increases in population density in

neighboring areas.
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